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Editorial on the Research Topic
 Exploring the interaction between health-promoting and health risk behaviors in health, volume II





1 Introduction

The World Health Organization has highlighted that health-related behaviors can significantly influence wellbeing—either enhancing it or contributing to its decline (1). Based on this conceptual context, volume II of this Research Topic delves into the complex interactions between health-promoting and health-risk behaviors. This volume comprises 26 diverse studies, collectively addressing four interconnected themes: (1) managing health risks, (2) transforming health behaviors, (3) fostering supportive social and institutional networks for behavioral sustainability, and (4) coordinating health strategies across different life stages. Taken together, these studies signal a meaningful shift in perspective—from passively addressing symptoms to proactively managing health. This emerging approach emphasizes early intervention, empowering individuals with comprehensive capabilities, and aims to achieve better health outcomes through collective effort.



2 Managing health risks: from symptom control to systemic prevention

Several studies in this volume underscore a critical insight: health-risk and health-promoting behaviors often co-exist and exert independent effects on health outcomes. Studies of Li Z. et al., Bai et al., Zhang et al., Guo and Wang, Tian et al., challenged the long-held assumption that positive behaviors (such as physical activity) could offset the negative effects of a sedentary lifestyle (2). Instead, these findings reinforce the understanding that sedentary behavior and physical activity affect health through distinct mechanisms. On the other hand, a number of studies explored the concept of isochronous substitution–the idea that replacing one behavior with another can lead to different health outcomes (3). For example, Wang et al. identified non-linear interactions among behavioral clusters that contribute to obesity. Similarly, Liebig et al. showed that substituting screen time with outdoor or social activities could significantly improve health indicators among medical students. Collectively, these findings advocate for a paradigm shift in future health governance: from reactive, symptom-focused interventions to proactive, prevention-oriented strategies. This includes prioritizing behavioral design and prevention, addressing upstream determinants of health, embedding wellness into everyday environments, and fostering systems that support long-term behavioral change and sustained wellbeing.



3 Transformation of health behaviors: the cognitive–motivational chain

Behavioral change is not solely driven by knowledge and resources–it also hinges on an individual's intrinsic motivational state (4). A recurring theme in this volume is the significance of the cognitive-motivational chain in translating health intentions into sustained actions. Chen et al. utilized the COM-B (capability, opportunity, motivation, and behavior) model to highlight motivation as the key catalyst for behavioral change. Young-Silva et al. further demonstrated how self-efficacy and health literacy boost motivational engagement. Similarly, Liu et al. found that individuals who perceived themselves to be at higher health risks are more likely to adopt healthier diet and exercise habits.

Mental health also plays a pivotal role when it comes to behavioral transformation (5). Huangfu et al. discovered that adolescent body image anxiety is moderated by self-esteem and self-compassion, underscoring the importance of psychological resilience in maintaining behavioral goals. Kim and Shim emphasized the bi-directional relationship between mental health and perceived physical health, cautioning that neglecting emotional wellbeing may undermine the effectiveness of physical interventions.

Together, these studies suggest that individuals are not passive recipients of behavioral change. Their level of engagement depends on cognitive readiness (cognitive priming), meaningful motivation (motivation design), and emotional support (6).



4 Sustaining behavior through social and institutional scaffolding

For health-promoting behaviors to be sustained over time, they must be supported by a robust system of social and institutional scaffolding (7). Social scaffolding includes the influence of family, friends, or community networks, which may provide motivation, accountability, and emotional reinforcement. Institutional scaffolding, on the other hand, involves the role of schools, workplaces, healthcare systems, and governments, all of which may shape environments that enable and reinforce healthy behaviors. Together, these forms of social and institutional support create the conditions necessary for long-term behavioral sustainability.

Several studies in this volume emphasize how crucial social, cultural, and institutional networks are for maintaining health-promoting practices. Moise et al. highlighted how culturally embedded practices in the African-American community, such as herbal traditions, meditation, and religious rituals, serve as effective tools for improving sleep and managing chronic conditions. This underscores the essential role of cultural fitness in intervention design. Bamlaku Golla et al. showed that in rural Ethiopia, toilet use was more strongly influenced by social norms, economic conditions, and self-efficacy rather than health knowledge alone—revealing the limitations of didactic health education. The structural dimensions of behavior were further explored by Buková et al., who demonstrated how education and social structures shape health practices. Meanwhile, Li H. et al. showed through a randomized trial that medical institutions can act as platforms for digital empowerment and sustained engagement in health-promoting behaviors. Collectively, these research findings confirmed that sustainable health behaviors emerge not only from individual intention, but also from broader ecosystems—social, cultural, and institutional—that support and reinforce them.



5 Coordinated health governance across the life course

When viewed through a life course lens, the complexity of health behaviors becomes more apparent. Several studies in this volume advocate for an approach that considers behavioral patterns over time, rather than treating behaviors as isolated variables. For instance, Wang et al. found that combinations of behaviors, such as prolonged sedentary time, insufficient sleep, and exposure to second-hand smoke, significantly increased the risk of obesity compared to any single factor alone. This highlights the need for interventions that are designed to target specific behavioral clusters rather than individual behaviors in isolation. Buková et al. identified the transition from high school to college as a critical “behavioral cliff,” a period during which healthy habits often deteriorate. These results strengthen the importance of system-based interventions that respond to high-risk behavioral patterns, and are strategically timed to coincide with key turning points in life stages.



6 Conclusion: advancing toward a proactive health model

This volume brings together evidence from four key areas, offering more than a collection of isolated findings. Instead, the studies included in this volume reveal a set of converging insights that collectively signal a deeper theoretical evolution in understanding health behaviors. Central to this evolution is the growing recognition that health-related behaviors should not be treated as opposites or addressed in isolation. Rather, they interact dynamically across psychological, social, and institutional levels. This integrated perspective has given rise to a new paradigm—proactive health—in which the interplay between risky behaviors and health-promoting behaviors is not only acknowledged, but strategically leveraged to improve population outcomes (8, 9).

However, realizing this paradigm in practice requires more than conceptual clarity. Proactive health demands strategic design. If proactive health is the destination, we must chart the pathways to reach it. These pathways must address how behaviors interact at the micro-level (individual choices and motivations), how environments shape choices at the meso-level (community and institution settings), and how macro-level culture factors affect adoption and sustainability.

Three research directions merit particular attention. (1) Mechanism-oriented research: this approach uses causal models to show how behavioral clusters interact and reinforce one another, revealing the synergistic effects of combined behaviors. (2) Context-oriented strategies: these involve embedding behavioral change tools into real-world settings, such as schools, workplaces, and digital platforms, ensuring that interventions are practical and scalable. (3) Culturally oriented designs: tailoring interventions to align with local norms and values, and traditions enhances relevance and effectiveness, especially in diverse or underserved populations. Isolated actions or fragmented efforts will suffice. Proactive health requires a comprehensive framework that integrates risk reduction, behavioral support, and institutional empowerment. Only within this paradigm can health be transformed from a reactive, individual concern into a collaboratively cultivated public good.
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Introduction: Effective implementation of strategies to promote health and prevent noncommunicable illnesses requires a profound understanding of the interaction between the individual and society. This study brings to health research the consideration of psychosocial factors that influence the maintenance and change of health behaviors and conduct. From a primary care perspective, it is crucial to propose a biopsychosocial approach for the development of health promotion and self-care programs that embrace personal aptitudes as a relevant individual aspect.
Objectives: To explore experiences related to personal aptitudes and personality traits that influence health behaviors and conduct, taking into account the social determinants of health, through a thematic analysis based on the capability-opportunity-motivation and behavior (COM-B) system.
Methods and analysis: This qualitative research is carried out from a descriptive phenomenological perspective, based on 17 focus groups in which 156 people participated. Inductive and deductive analysis techniques were used following Lincoln and Guba’s criteria of methodological rigor. In addition to 7 different triangulations of analysts, 6 main categories were identified based on the COM-B system: psychological capacity, physical capacity, physical opportunity, social opportunity, reflective motivation, and automatic motivation. The importance of considering these factors to promote healthy behaviors was stressed.
Discussion: This study examined how personal experiences related personal aptitudes and personality traits influence health behaviors and conduct in Spain. It was found that personality traits such as health literacy, self-efficacy, activation, and self-determination can influence the adoption of healthy behaviors. Likewise, the need for control, overthinking, and ambivalence made it impossible. Furthermore, social determinants of health and interpersonal relationships also play an important role.
Trial registration: ClinicalTrials.gov, NCT04386135. Registered on April 30, 2020

Keywords
 primary care; health promotion; health behaviors and conduct; personal aptitudes; social determinants of health; emotional adjustment; self-care; qualitative research


1 Introduction

In the context of health, the complex dynamics of human behavior include both conscious actions and deeper, often subconscious, patterns of behavior. The term “Health Behavior” refers to the conscious actions that people take to promote or maintain their health, such as following a balanced diet or exercising regularly (1). On the other hand, the term “health conduct” includes a broader range of actions and behaviors, including aspects that may be conscious or unconscious, shaped by cultural, social and environmental factors. This may involve ingrained habits, social norms, or responses to external stimuli that affect health outcomes (2). In this study, we adopt a holistic approach, exploring the intertwined nature of “health behaviors and conduct,” recognizing their complex interaction with other influential dimensions internal to individuals, such as their personal aptitudes and personality traits. To understand how personal aptitudes influence health behaviors and conduct, we must first review the theories that underpin this assumption. Albert Bandura’s social cognitive theory emphasizes the role of self-efficacy and observational learning in shaping health behaviors and conduct, emphasizing the importance of personal aptitudes and environmental factors (3). Bandura postulates that people with a greater ability to adequately handle difficulties with a task or purpose (self-efficacy) are more likely to adopt and maintain health behaviors and conduct (4). Similarly, Irwin M. Rosenstock’s health belief model postulates that personality traits with greater susceptibility or severity create barriers that affect the use of health services (5). Rosenstock was one of the first to consider how personal aptitudes might influence health outcomes; however, his work was not closely related to health behaviors and conduct. Finally, Walter Mischel’s personality theory emphasizes the importance of differences in personal aptitudes and situational factors in predicting behavior (6). Mischel argued that aptitudes, together with motivational ability, were indispensable for acquiring and adapting to any health behaviors and conduct.

Understanding health behaviors and conduct is a complex task since they are influenced by a variety of factors, such as personal characteristics, mental health, and the social, environmental, and cultural contexts in which people live (7, 8). Personal and labor liabilities, socialization, care work, and labor overcharge, may significantly influence people’s health behaviors and conduct; therefore, a biopsychosocial focus seems to promise better results in health promotion programs and the population’s self-care (9). It has been identified little evidence about personal aptitudes influence on people’s health behaviors and conduct (10). For instance, a person with a higher level of self-control and personal health literacy may be able to maintain a healthy diet and a regular exercise regime (11). Likewise, people with a personality trait such as openness to experience or empathy may be more likely to participate in programs of preventive health, such as getting vaccinated, because they understand and value the impact that those behaviors could have on the health of others (12). A research study in Spain carried out by Armon, G., and Toker, S., examines how personality traits contribute to health behaviors and concludes that people with higher levels of responsibility and kindness take better care of their health. However, those with high levels of neuroticism tend to neglect aspects such as nutrition and physical exercise, and are more susceptible to the consumption of harmful substances (13). According to the World Health Organization, developing and strengthening personal abilities could be crucial to the development of a better health state among the population and to facilitating individual decision-making in health care (14). Successively, personal capabilities and health behaviors and conduct are conditioned by social determinants of health, which represent between 30 and 55% of health state results (15). Hence, they should be considered when it is intended to make efforts about knowledge and the promotion of personal aptitudes that foster or are related to positive conduct in health care in order to improve the adoption of healthy lifestyles and quality of life, just as the objectives of sustainable development dictate (16). Although social determinants in health may be fundamental to unraveling social and personal dynamics, these ones may be interrelated with external and internal factors with as many possible variables as branches of science itself (17–19). Thus, it is important to set study parameters in health determinants, such as social context, that can influence in factors like access to healthcare services, the availability of healthy food, life and work conditions (20), and people’s socioeconomic context that may influence access to these resources (21).

Behavioral science seeks to understand the psychological, biological, social, and environmental factors that influence behavior (5). According to health and social psychology, health behavior and illness are determined by aptitudes, beliefs, experiences, coping mechanisms, motivations, and attributions. The aforementioned results from social interaction, which may be reflected in the influence of experiences on risky behaviors. For example, a person who grows up in an environment where smoking is common and socially accepted may develop the belief that smoking is normal despite the health risks involved (22). These phenomena are accompanied by little-studied circumstances, such as the role of the family group in the promotion of individual health habits (23). And others are more widely studied, such as the socio-cultural factor, which determines the concept of health itself. For instance, the effect of social exclusion on the use of health services for certain marginalized groups (24). And the role of health literacy in experiences about health behaviors, which is rarely focused on the development of positive personal aptitudes (25).

Due to the lack of evidence to guide interventions related to personal aptitudes and personality traits that promote healthy behaviors among the population, we can appeal to the principles of behavioral change to generate ideas and strategies that promote positive health behaviors. Moreover, that helps us to intertwine the little-known dynamic between them (26). For instance, the capability-opportunity-motivation-behavior (COM-B) system identifies three factors that must be present for a behavior to occur: capability, opportunity, and motivation (27). Capability refers to the physical and mental capacity of an individual to participate in an activity. That includes the required knowledge and abilities to carry out a behavior (28). Opportunities are external factors that make behavior possible. This may include physical factors, like time and place, and social factors, like cultural norms and social signals. And motivation refers to conscious and unconscious cognitive processes that guide and motivate behavior (28). For instance, a study by the Department of Behavioral and Health Science in London, implementing the COM-B system, investigates conditions such as capability, opportunity, and motivational processes that increase personal protection behavior during the isolation phase of COVID-19 and analyzes personality traits such as agreeableness and conscientiousness. Furthermore, aiming to implement a program to decrease contagion (29). Another research study uses the COM-B system to improve adherence to self-care recommendations for heart failure. It also develops a theory-based intervention that demonstrates the need to include changes in health literacy and social support behaviors in the studied population (30). These studies make it more interesting to inquire about which behavioral techniques are implemented to improve the population’s prevention and self-care behaviors. Additionally, this type of system is a framework widely used to determine better strategies for behavioral change interventions to be effective. As illustrated in a research conducted on women with gestational diabetes, after applying the COM-B system, it included the positioning of parent counselors, a diabetes nurse, and the integration of a post-partum monitoring phase in a prevention program, improving their results (31). Other studies demonstrate how the COM-B system can be applied to develop interventions for behavioral change based on the theory and as evidence to improve self-care and chronic health conditions, as well as to comprehend how people’s health literacy levels influence their health behaviors and conduct (32).

Studying and analyzing the different behavioral systems and social health determinants altogether provides a complete insight into health outcomes and the quality of life of the population. Deepening the relationship between personal aptitudes (the ability, innate capability, or acquired capability that a person has to perform certain tasks or activities) and personality traits (enduring characteristics that describe a person’s consistent behavior) that influence health behaviors and conduct, taking into account individual characteristics as well as social and cultural contexts. Hence, the aim of this research study is to explore experiences related to personal aptitudes and personality traits that influence health behaviors and conduct, taking into account the social determinants of health, through a thematic analysis based on the capability-opportunity-motivation and behavior (COM-B) system.



2 Materials and methods


2.1 Study design

The study employed descriptive phenomenology, rooted in the philosophical tradition of Husserl, to examine and understand participants’ human experiences (33). This descriptive phenomenological research immersed itself in the specific details of the participants’ experiences, engaging in the exploration of a phenomenon through the meanings attributed by the participants (34). This approach was chosen because of its suitability for exploring the essence of lived experiences in relation to health behaviors and conduct (35). Although we adopted the subjective experience approach characteristic of descriptive phenomenology, which refrains from prior assumptions and focuses on people’s actual experiences (36), we acknowledge that we employed certain analytic approaches aligned with a more positivist paradigm, such as double coding in the two types of analysis. These deviations are justified by our goal of describing participants’ experiences in relation to our research questions, and by our approach to initial thematic analysis results, which falls between positivist and subjectivist orientations, as suggested by Braun and Clarke (37). These are further detailed in our data analysis section.



2.2 Environment

This study was part of a mixed-methods project called DESVELA Cohort, and the results presented here correspond to the qualitative phase. All details were described in the published protocols (38, 39). This study was conducted on primary care and health promotion during the period 2021–2023 in different Primary Health Care Centers in Spain from 8 Autonomous Communities (AACC; Catalonia, Euskadi, Castilla y León, Aragón, Galicia, Balearic Islands, Castilla la Mancha, and Andalusia).



2.3 Sampling

The power of the sample in this qualitative research did not depend on the size but rather on the representativeness of the discourse. This was the result of the combination of homogeneity and heterogeneity criteria and reflected maximum diversity and discursive plurality in relation to the phenomenon studied (Table 1) (40, 41).



TABLE 1 Sociodemographic data of focus group participants.
[image: Table displaying demographic and socioeconomic data of a sample population. Variables include age groups, sex at birth, education level, monthly household income, and health status. Data is split into total sample percentages and further divided into urban and rural populations. The largest group is mature adults over 50 years. More detailed categories include sex distribution, education levels from no studies to university, income ranges, and health status from excellent to bad. The note clarifies that only one participant lacked literacy skills.]

Homogeneity criteria:

Determined by AACC and rural and urban population.

Heterogeneity criteria:

	• Gender (sex at birth).
	• Health status determined by the question, “How is your general health?”
	• Income level determined by the question, “What is the approximate monthly income of your household?”
	• Education level determined by the question, “What is your level of education?”

Other variables of the item without studies and others were cannot read or write. No studies, but can read and write.

In each CCAA, at least two Focus Groups (FG) were established in both rural and urban areas. Each CCAA selected the participants, taking into account heterogeneity and homogeneity criteria within the sample, and finally, a total of 17 FGs were formed, with an average of 10 participants per FG.



2.4 Participants and recruitment

Participants were invited to join in the FGs during the quantitative phase by means of a written request in the form of an informed consent. Subsequently, by telephone invitation, they were provided with detailed information on the purpose and conditions for participating in the qualitative study, as well as their right to withdraw at any time.

A total of 2.135 people expressed interest in being interviewed. A protocol was established to contact by telephone an average of 20–25 people for each CCAA. A total of approximately 340 people were invited to the FGs; the rest of those invited did not attend due to not being able to coordinate the itinerary, some because they were in charge of taking care of minors, and others due to a lack of time. Finally, 156 people were interviewed, forming 17 FGs. Participants had a range of 40 years of age and a standard deviation of 11.68; 86 were women and 70 were men (Table 1).



2.5 Information generation techniques

The study was based on FG, which involved the participation of several people in a single group interview (41) (Supplementary material 1). As part of the objective of a FG, we fostered interaction by sharing experiences and creating synergy among the participants through an interactive format composed of 3 dynamics that sought to encourage participation and avoid biases like social desirability.

The 17 FGs were video and audio recorded, and literal transcription was made. They were conducted in a relaxed and free-expression environment in an accessible and conformable place that allowed for an adequate time of approximately 90 min. A person with previous experience and/or training moderated participants’ dynamics during the FGs. In addition, another person observed the process and took field notes, providing support for her. Most moderators and observers of the FGs were women.

Several questions about health status, activation, and health literacy were asked (38). In order to execute the three dynamics, it was followed the Thematic Script of the Focus Group (TSFG) (38). The first written dynamic of personality traits: this dynamic was carried out with the aim that participants could anonymously describe their main personality traits and share an experience related to them that influenced in some way their health decision-making. The second dynamic of associative images was carried out with the intention of encouraging participation by means of an immediate reaction to images that were related to health behaviors and quality of life. These images facilitated discussion because they were created with the intention of showing the two extremes of health behaviors and conduct (healthy and unhealthy). The third dynamic of classification consisted of the interpretation and classification of images associated with healthy behaviors, which allowed us to know the importance that participants attribute to health behaviors and healthy habits, increasing the reflexivity of the discourse.



2.6 Data analysis

Two types of analysis were used to analyze the data. First, an inductive analysis with Colaizzi’s method was executed on 8 of the transcriptions of the study, with the aim of starting the triangulation of data with the other CCAA (42). The steps carried out were: (a) a general idea was obtained from each transcription by listening to the audios, watching the videos, and reading and rereading the transcripts. (b) Significant quotes were extracted, and a unit of meaning or representative code was assigned to each quote. (c) A formulation of general meanings was done. (d) Formulated meanings were organized into categories and subcategories. (e) The triangulation of analysts was initiated to discuss the emerging codes and categories. Here, each analyst previously carried out the steps (a–d) of the same material transcript chosen for the triangulation (Supplementary material 1.1). A second deductive or abductive analysis with the remaining nine transcripts using the Braun and Clarke method (37).

The executed steps were: (a) by reviewing, reading, and rereading, a category familiarization of the existent categories was created as a result of the first analysis in the 8 triangulations carried out previously. (b) An initial reading of the interviews was conducted, keeping in mind the existing categories and the units of meaning or codes linked to each category and subcategory. (c) A systematic coding was performed, extracting quotations that were related to the categories using the ATLAS.ti program (43). (d) The categories resulting from the inductive and deductive analyses were compared. (e) A thematic analysis based on the COM-B system was performed with the objective of organizing the categories resulting from the two analyses. Then the results were interpreted to find how the categories were related to the research objectives. (f) In order to report the results, by selecting the most illustrative quotes and the most eloquent categories, the research report was written. Saturation was achieved in terms of sufficiency thanks to the fact that a theoretical sampling was carried out that allowed enough data to develop a rich and detailed understanding of the study phenomenon. Through double codification and seven triangulations of the seven CCAAs performed, the results were verified. Equally, co-occurrence analysis with the most significant codes shows several codes with greater rootedness (44).



2.7 Rigor

The methodological rigor criteria of Lincoln and Guba (45) were followed. The credibility of the study researchers was ensured through their participation in the project of a multidisciplinary team from the Fundació Institut Universitari per a la recerca a l’Atenció Primaria de Salut Jordi Gol I Gurina and the credibility of the study were achieved thanks to an exhaustive work of several triangulations between researchers. By creating a detailed description of the discourses of participants and the study context, the transferability of the research was guaranteed. It was explained and justified in detail by the study method in compliance with dependability.

Moreover, a pilot test was performed following the TSFG; this pilot test was video recorded and shared with the other team members and those responsible for conducting the FGs. The pilot test demonstrated that the written and visual dynamics helped to encourage participation in the FG and avoid social desirability bias. The results were returned to participants as part of the transparency and rigor of the study, and the investigators have demonstrated honesty throughout the research process. This article fulfilled the standards for reporting qualitative research and also strictly followed the recommendations of the Consolidated Criteria for Reporting Qualitative Research (COREQ) (46) (Supplementary material 1).




3 Results

As a result of the inductive and deductive analysis processes, along with analyst triangulations, 6 main categories were developed. All of this is based on the COM-B system. 1. Psychological Capacity: The Mental and Emotional Adjustment to Achieving Self-Management and Psychological Resilience; 2. Physical Capacity: Between Movement and Limitations: Contrasting voices in different Realities; 3. Physical Opportunity: Addressing the Challenges of Accessibility to Resources for Maintaining Health; 4. Social Opportunity: Balancing Social and Personal Dynamics: A Reflection on Health and Relationships; 5. Reflective Motivation: Adaptation to Illness and Conscious and Planned Self-Care; 6. Automatic Motivation: Instinctive Impulses and Habits: Personal Aptitudes and Desires for Individual Balance (Table 2; Figure 1; Supplementary material 1.2).



TABLE 2 Categories and main codes, extracted from the research according to the capability-opportunity-motivation-behavior (COM-B) system.
[image: A table with three columns labeled "COM-B topics," "Categories," and "Most relevant codes." Under "Capability," psychological and physical capacities are described, such as self-management and movement limitations, with relevant codes like "Stress and Anxiety" and "Sport activities." Under "Opportunity," physical and social opportunities are explained, including challenges and social dynamics, with codes like "Work coverage" and "Social influences." "Motivation" covers reflective and automatic motivation, detailing adaptation and instincts, with codes like "Priorities pyramid" and "Extrinsic Motivation."]

[image: Flowchart illustrating the classification of categories according to the capability-opportunity-motivation-behavior (COM-B) system. It is divided into six main sections: Physical Capacity, Psychological Capacity, Automatic Motivation, Reflective Motivation, Social Opportunity, and Physical Opportunity. Each section details specific factors like depression, resilience, intrinsic motivation, distrust of information, social influences, and health system deficiencies that contribute to health behavior dynamics. Arrows indicate relationships between categories, highlighting interconnectedness within the model.]

FIGURE 1
 Summary of the resulting categories according to the capability-opportunity-motivation-behavior (COM-B) system, the codes with the highest rootedness (number of citations that have been coded by that code), and their relationships with each other. *Meaning of the Relationships: Contributes to (→), it is part of ([]), is associated with (═ ═), is cause of (═ ›), it is property of (*}), contradicts (‹›).



3.1 Psychological capacity: the mental and emotional adjustment to achieving self-management and psychological resilience

In this category, the discourses reflected the psychological and mental capacities that the participants used to adopt and maintain healthy behaviors, such as resilience, self-efficacy, self-determination, and critical thinking employed for proper health literacy. Furthermore, the challenges they faced while trying to implement these behaviors, such as managing depression, and the internal struggle in the face of change. Having the ability to manage problems was described as a criterion that could help in the adoption of some healthy habits like exercising and balanced eating. Resilience, positivity, assertiveness, rationality, and temperance were mentioned as coping tools by most of the participants who had serious health issues that prevented them from practicing healthier behaviors. Furthermore, they recognized that some aspects of their personalities, like being nervous and demanding at the same time, could cause anxiety or depression.

 You do not choose your health status, but you do choose how to face it. You can be happy, if you have a positive aptitude and do not give up no matter how bad the situation is. You will surely be happier. [Rural FG in Catalonia].



Participants discussed the internal struggle between wanting to change and resisting it; some participants addressed this as an internal conflict experienced when trying to change habits but falling to do so. Most of the participants declared having the mental capacity and the motivation to implement healthier health behaviors and conduct but, in the end, not doing so. In addition, they cited a lack of willpower as the cause of this outcome and, in other cases, as a necessary criterion for quitting smoking and drinking alcohol.


Let us see… I can understand that tobacco is bad, that alcohol is bad, and that everything in excess is bad. Now, if all of our lives we are in the phase of: do not eat this for cholesterol, do not eat that for sugar. I ask myself, What are you doing in this world? You have to do something! Because there comes a time when you say, What do I do? There is a proverb that says: “Whoever that neither smokes nor drinks wine is led by the devil in another way.” So you have to do something! [Urban FG in Galicia].
 

Participants mentioned being conscious of how certain aspects of the personality affected their mental health. Aspects such as the need for control and overthinking were rated as negative personality traits that led to episodes of stress. However, they were mostly optimistic and declared having the capacity to manage negative emotions and maintain emotional adjustment. Even in the case of some participants with a diagnosis of schizophrenia or bipolar disorder, personality traits like being organized were manifested in time management and planning abilities to include health behaviors and conduct in their daily routine. Some participants were more open to performing activities they considered important to motivate them to improve their levels of activation, such as meditation and other activities related to sociability, creativity, and sports. In short, participants who declared themselves to be more extroverted and sociable were more open to doing this type of task, whereas other participants described themselves as more introverted and not very participative in these activities. Additionally, some mentioned personal aptitudes that they considered barriers to maintaining a more sociable lifestyle, such as being stubborn [“having little listening to the opinions of others”]. One of the participants confessed that he was sure that such a way of being made his daily activities more difficult. He expressed his desire for change and considered that a change of aptitude would bring him well-being.


I always think that happiness is not a state but rather an aptitude, and I believe that it influences everything at all levels. Our emotional state, well, it is more than studied; it affects all our points of health status. I mean that I believe that how we take life will affect us emotionally and in terms of our health. [Urban FG in Andalusia].
 



3.2 Physical capacity: between movement and limitations: contrasting voices in different realities

This category brought together the different experiences of participants in relation to their physical capacities to perform sports or movement activities, as well as the physical limitations of some participants as a consequence of chronic health issues or the perception of physical changes over time. In the same way, participants’ physical environment could influence, for instance, whether living in a rural area influenced the amount of physical activity they did or the excessive work conditions that led to a lack of time for regular physical activity. As well, opinions were expressed about taking physical activities to extremes. Most of the participants commented that an obsession with physical activity and appearance exists currently, especially among young people. One of the participants explained her experience with how her discipline led her to demand more physical activity from her body than it could tolerate.


My perfectionist and disciplined way of being leads me to demand more physical activity from my body than my body often needs and can tolerate. I often somatize from this excessive activity in my body, and I am not able to take a break until my body warns me. [dynamics (WD)/Urban FG in Andalusia].
 

Some participants commented on their preferences to practice physical activities such as pilates or yoga, among the most common ones, which were also related to the proper maintenance of mental health. They also included exercise, weight lifting, and walking in their routines and declared enjoying outdoor activities, mainly those living in rural zones who practiced activities such as mountaineering, hiking, and meeting more frequently to practice sports or even keep moving with field work. While those living in urban areas mentioned a lack of time or motivation to do so, they recognized the benefits of doing sports and wanting to improve their physical condition. Other participants noted a change in their level of physical activity over time. They noticed that before, they used to move more than now, and they perceived it as difficult to find the time or the willingness to do sports. One of the participants mentioned that having a dog at home created a need to increase his physical activity by having to take walks with his pet.


With age, we lose something that is natural, and that is flexibility and elasticity. Of course, when you regain that, you become young again. You become young again, because, of course, I have right now the flexibility I had when I was 30 years old. Because those of us who have done sports and have not practiced much stretching, which is one of the things that is practiced a lot in yoga, get shorter with our muscles. [Urban FG in Andalusia].
 

Many participants talked about their physical limitations, which prevented them from being more active, such as walking more, climbing hills, planting vegetables, dancing, and doing more things around the house, including enjoying some hobbies. Other participants mentioned having health problems, such as osteoarthritis and hernias, that impeded them from doing certain basic activities they enjoyed, but in general, they felt good. For the participants, being able to move around was key to their lives. Some who suffered a partial loss of mobility were satisfied with the possibility of being alive for many years to come. And others, despite not having physical difficulties or mobility problems, acknowledged that they did not engage in any physical activity out of lack of interest, laziness, or the excessive demands of their work. Not only working conditions but also workaholism by choice was recognized as a factor that prevented them from engaging in regular physical activity.


It depends on the volume of work, but it also depends on the physical activity. Then I do everything wrong; if I have to do something from work, I put one thing before another, and in the end, when I realize it, I have messed up at the end. So, I see work addiction as a difficulty. [Urban FG in Andalucía].
 



3.3 Physical opportunity: addressing the challenges of accessibility to resources for maintaining health

This category reflected the role of social determinants of health that were present in participants’ discourses. Such as experiences related to physical or material structures or resources in participants’ environment that had an impact on their healthy behaviors. Aspects such as the service in the healthcare system, the material resources available to guarantee food security, and the financial resources of the immediate physical environment. Their speeches expressed frustration at the lack of access to services they considered basic in primary care. Some criticized the inefficiency of emergency services and presented a general discontent with doctor-patient treatment, with an emphasis on psychological care.

They discussed the lack of accessibility to psychological services in the healthcare system and addressed the need for more mental health professionals and the need to improve mental health care in emergency services. One of the participants reported being on the verge of suicide at the time he asked his family doctor, but finally he had to pay for private psychological services due to the long wait for treatment. Several participants agreed on the difficulty of accessing psychologists through social security and the need to invest a lot of money in private treatment. In addition, a lack of friendly service from mental health professionals and the need for face-to-face medical appointments were mentioned.


My current health state is bad. Bad, I am going through depression [the person seems a little bit down], and because of that, I asked you why there are not psychologists in the social security system. I have been in psychiatric treatment, and I asked the psychiatrist. Now, am I going to be sent to the psychologist? And she says no, and I ask, why? And she says, because there is none. That was the answer. Sure, nowadays, I know from my son’s experience that going to the psychologist is very expensive. And I do not understand why. But well. [Rural FG in Basque Country].
 

Despite the general dissatisfaction, most of the participants emphasized the need for follow-up appointments, check-ups, and analysis by health professionals for the maintenance of proper health. For example, some people commented that they followed diets with nutritionists to lose weight, obtaining mostly good results. It emphasized the importance of prevention and the assessment of medical professionals in other fields. Some mentioned the lack of alternative treatment options, such as yoga or massages, and the lack of information on healthy habits offered in primary care. Other participants were very concerned about not having sufficient financial resources to have the opportunity to change their habits. One of the participants declared that despite working long hours for many years, he has not been able to manage his financial resources to strengthen his home and live peacefully.


Sometimes I am very negative; apart from health, the thing that makes my life difficult is the financial status because I live in rented housing. [Urban FG in Castile and Leon].
 

They also shared experiences related to food security, regarding concerns about food quality and prices. They mentioned the importance of healthy eating and the lack of time to prepare more elaborate and healthy food. Opinions on food prices were mentioned, with views aimed at comparing the opportunity to acquire food some years ago and now; they commented that currently healthy food is more expensive and difficult to access. In this regard, they expressed their opinion on how eating habits have changed, emphasizing the fact that food is more can-directed and preserved than homemade. Some participants commented that they considered eating home-grown food a better option. One of the participants gave his opinion on sugar consumption and mentioned the addition of sugar in many regular-consumption products, which he considered a controversy around healthy eating. Some participants stated that their family doctors have never forbidden them sugar, and for this reason, they did not consider it harmful to their health. They also mentioned their concern about an increase in illnesses, some of which were related to the quality of the current food. Most participants agreed with the current difficulty of finding good-quality food products at affordable prices.


Now food is of less quality, our physical wear and tear is also less, and in the end all comes down to time: you get home after working the whole day and you do not mind frying some croquettes and having a salad, rather than make a good meal like those they used to prepare in the past. [Urban FG in Catalonia].
 



3.4 Social opportunity: balancing social and personal dynamics: a reflection on health and relationships

This category included conditioning factors of the participants’ system of environment that had an impact on their healthy behaviors. Aspects such as cultural norms or social influences and pressures. For example, for participants, gender role experiences had an impact on the sexual division of work. Interpersonal relationships influenced palliative care for chronically ill participants, and some participants opined about the influence of media and social networks on their lifestyles.

Experiences about gender roles were mentioned mostly by participants who had experience with caregiving work with children or family caregivers. They reported how their dedication to their loved ones took time away from self-care activities such as medical check-ups or engaging in healthy behaviors like physical activity and socializing. This situation was described by some of the participants as very hard and exhausting, and some confessed that caregiving work generated constant stress and emotional pressure; however, they all agreed that the situation had no option for change due to the feeling of liability toward their children or relatives they take care of.


But well, to improve my health status, I need my children to grow up a little bit and not be that demanding, well! Me, about exercising, well yeah, it is true that I could do something more, but well, I am currently implementing it in my life because before I did not do anything. I mean, since my children were born I have not done it, that is to say; I did things for them, but I did not do things for me. [Rural FG in Cuenca].
 

They shared different experiences with their interpersonal relationships. But generally speaking, they concluded that problems with people in their close environment were emotionally and, in some cases, physically affecting, with some participants describing such situations as experiences with “toxic people.” Generally, discussions about the family led to more references to childcare and parenting models; the biggest challenges were managing caregiving responsibilities and shared concerns about ensuring a good future for their children. Some participants admitted to having difficulty relating socially as a result of suffering from a chronic illness, while others relied on their family or friends to find motivation in relation to caring for their illness. One of the participants stated that after confinement, they continued to feel a decrease in their social gatherings. Others expressed a sense of fear of returning to their encounters to go hiking or meet with friends and perceived that this caused a negative emotional impact and a decrease in their physical activity.


In my life, there have been negative people, relatives, and the best I could have done was end the relationship. During…30 years, I have lived with the “oh, oh, oh” [expression of emotional pain], and at the end, I said, it is over! And it is the best I have done, even if it hurts, even when is a very close person. But at the end, it is better to put an end to the relationship with those negative people because they bring you emotional problems. [Urban FG in Andalusia].
 

Gender roles continued to be part of the discussion, accompanied by experiences about themselves, their lifestyles, and their personal decisions. Some men, for instance, described themselves as “family providers and protectors,” to the extent that their only priority was to work for their families, and although they were aware of the need to take care of their own health and to attend regular medical controls, they stated that they did not set aside the time to do so. On the other hand, they discussed issues such as conflicts and a lack of communication within the couple, which they always attributed to causing low self-esteem, stress, and difficulty in achieving family reconciliation, even to the point where they declared that this affected their physical health.


If you have an argument with a person or with your couple, I find myself emotionally unwell… It lowers my self-esteem; it lowers my defenses… It renders me more… I do not know, to think that I am not well! … Okay, psychologically, I am not well. And physically, it has an influence on me because when I have an argument with a person, personally, I think about it a lot. I mean, yes I leave too much room for it in my head and my defenses are immediately lowered. And, I am already sick after two days, or I have angina. The thing is, I somatized myself a lot. So, at the end, yeah, yeah, I find myself unwell. [Rural FG in Basque Country].
 



3.5 Reflective motivation: adaptation to illness and conscious and planned self-care

This category described participants’ perspectives on factors that involved planned thought processes and self-evaluation that prompted them to engage in certain health behaviors and conduct, such as the importance of adapting their routines to their individual needs and evaluation habits related to health literacy. Moreover, the diversity of perspectives on what was critical to each of the participants as it related to their lifestyle habits. And some experiences about adapting to chronic illness through self-determination.


I am a little bit hypochondriac about topics related to illnesses; you start searching through the internet and everything that appears, it happens to me, it gets me (expression to say that that stays in his thoughts). [Rural FG in Aragon].
 

Participants reflected on the most important habits in their lives, emphasizing the importance of rest and nutrition, while some mentioned wellness activities, such as having time to relax and sunbathe. Personal hygiene and physical activity were mentioned as less important. In general, each person had his or her own priorities; nonetheless, they always emphasized what made them happiest. For some participants, the most important aspects of their lives were having a good family relationship, social life, and personal relationships. In addition, they mentioned some personal aptitudes that led them to adapt more easily to their routines, such as self-efficacy and activation.


I am a very active person, and I always think about doing things. I always think that I have to do this and that, and I believe that that helps me to always be moving. [Rural FG in the Balearic Islands].
 

Most of the participants reported going through very complicated health experiences, and others found themselves managing chronic illnesses for many years. In most cases, the participants have managed to adapt to the illness successfully to have a better quality of life. Some faced illness or the loss of a close family member. More than one participant mentioned that they were affected by a stroke, but they made an effort to keep busy with various activities, which helped them to maintain a positive aptitude. They learn to manage pain and sleep better. Even those who had a negative perception of their health status were generally optimistic about their recovery and progress. They reflected on self-awareness and their relationship to their own health, such as the importance of listening to their bodies and applying individually tailored health advice. Some participants described themselves as obsessed with their current lifestyles (vegan eating, high-performance sports), but allowing themselves to bend the rules from time to time.


After an illness diagnosis with a poor prognosis, thanks to aptitude, curiosity to search, and perseverance, I got to know and obtain the best possible help and to be balanced with my emotional part. The rest did not depend on me. [Rural FG in Catalonia].
 

Participants showed interest in consulting for information on integrative medicine and healthy eating. However, some were not very confident when relying on the information from the internet and felt that not all of it was accurate. Some participants planned activities that they considered emotionally and physically beneficial, such as practicing a physical activity every day (yoga, pilates). Many topics related to priorities in daily life and in life in general were discussed, such as finding a balance between enjoying exercise and relaxing on the couch. They valued illness prevention and related it to the ability to be responsible and stay well informed to make better health decisions.


The Internet is such a thing… From the internet, I do not believe that much. Before you went to the library and got a book and checked the information, now everything is easier. [Rural FG in Galicia].
 



3.6 Automatic motivation: instinctive impulses and habits: personal aptitudes and desires for individual balance

This category involved the instinctive processes associated with the desires and needs that drove the participants’ health behaviors. They talked about their motivations related to the drive for change. In some cases, this impulse arose from the example of a role model, in others from the advice or accompaniment of family or friends, and finally from the participants’ own self-determination to change.

For the participants who had experienced smoking cessation and excessive alcohol consumption, the need for family companionship was present, so their speeches reflected the importance of love, patience, and dedication in personal relationships and emphasized the relevance of keeping themselves happy every day to continue with the desire to not relapse. Some mentioned the feeling of urgency to be socially accepted, reflected in the experience of going so far as to drink or smoke just because of the need to fit in. Most participants were interested in sociability, in some cases stating that their social side was their motivating factor in maintaining good habits. Nonetheless, some experienced sociability from a negative perspective, surrounding themselves with people who raised concerns or increased personal problems. Some proximate influences related to healthy decision-making are also mentioned. For one, there was a need to please the family by cooking dishes that contained more hydrogenated fats, despite the desire to consume other types of food.


I have not smoked for 22 years. Okay, I was a social smoker; I have to acknowledge it. Every weekend, two packs, every day, so, for example, I respect that others… although I do not mind if the smoke affects me, okay? [Rural FG in Basque Country].
 

All of the participants described themselves, and some found a relationship between their personal aptitudes and their level of motivation to change. For example, some participants shared that they constantly suffered from feelings of worry and distress and that this did not allow them to go about their day-to-day lives as planned. These experiences were mostly related to problems with sleep habits and enjoyment of free time. In the first case, participants commented that overthinking led them to not being able to sleep enough or not having an optimal rest to start the routine, and in the second case, not being able to have free time to enjoy leisure or relaxation activities was linked to wanting to control everything. The need for control in all cases was an experience that led to nervousness and anxiety. Others showed an introverted personality that led them not to attend the doctor’s office because of embarrassment.


Being a perfectionist makes me focus on small things without paying attention to other, more important things; being shy makes it harder for me to open up for help when I need it; being nervous makes it difficult for me to maintain calmness in the face of stressful situations; and sometimes I have seen myself overwhelmed [it expresses not being able to bear the situation]. Being responsible at the work and with my family makes that I prioritize other people over my own health and wellness. [Rural FG in Cuenca].
 




4 Discussion

The study delves into the experiences of the Spanish population regarding their personal aptitudes and health behaviors and conduct, where six main categories are identified that include psychological capacity, physical capacity, physical opportunity, social opportunity, reflective motivation, and automatic motivation. Based on our participants’ narratives, the main findings were related to personal aptitudes and personality traits that influenced psychological capacity and automatic motivation to change (Figure 2). This is relevant for the implementation of campaigns for the promotion and acquisition of healthy behaviors.

[image: Sankey diagram depicting the relationship between different aptitudes and psychological and attitudinal factors. On the left, connections flow from positive and negative aptitudes, as well as those related to health decisions. These connect to factors on the right, including self-determination, resilience, intrinsic motivation, need for control, stress and anxiety, extrinsic motivation, and emotional interdependence. Various colored bands represent the flow and distribution between these categories.]

FIGURE 2
 Sankey diagram: Relationship between personal aptitudes, psychological capacity, and automatic motivation. In the Sankey diagram, we can appreciate the co-occurrences of the codes or the relationship between them. Personal aptitudes and personality traits that participants described as tools to motivate change, such as self-determination and resilience, have a stronger relationship with and better self-perception of health and the acquisition of healthy behaviors. The strong relationship between the need for control and both intrinsic and extrinsic motivation is emphasized as a criterion for increased risk for unhealthy behaviors and how automatic urges are directly related to negative aptitudes.


First, we will talk in terms of the capacity for change. Our results found that personal aptitudes such as resilience and personality traits such as self-determination were related to the psychological capacity needed to adopt healthy behaviors, and that the motivation required to maintain them came from intrinsic causes related to optimism and responsibility. Some related studies suggest that personal aptitudes such as extraversion and responsibility can improve people’s psychological capacity and academic performance, which could help in the adaptation of health-promoting behaviors and lead to a higher level of health literacy (47, 48). Other studies support the idea that resilience is closely attached to psychological capacity, as resilience is the ability to adapt positively to adverse or stressful situations (49). In our study, resilience was manifested through positivity, self-efficacy, rationality, and self-awareness as ways to manage stress and maintain good mental health. In conjunction, participants mentioned that practicing sports and seeking professional help were strategies to maintain resilience and mental well-being. In conclusion, the relationship between resilience and psychological capacity has positive results for our participants’ health. However, in contrast, we concluded that stress, anxiety, and the need for control negatively influenced their level of resilience, affecting both capacity and level of motivation in light of change.

In our study, the most common mental challenges in trying to adopt healthy behaviors, according to our participants, included the internal struggle between wanting to change and resisting change associated with acquiring habits and overcoming addictions, making conscious and informed health decisions, and persistent stress in different aspects of their lives. Other studies agree that people use a variety of strategies to maintain motivation and overcome resistance to change, including seeking emotional support, seeking professional help to manage stress and maintain good mental health, and making informed decisions about health (50, 51). Nevertheless, our study showed that these strategies are not feasible for everyone and revealed a lack of mental health support (a shortage of mental health professionals in the public sector and long waits for psychological care). Other studies confirm the importance of promoting the ability to adapt and maintain a positive aptitude in the face of mental and emotional adjustment, which can contribute to better stress management, the maintenance of healthy social relationships, and informed health decision-making (52).

The ability to solve problems, adapt to individual needs, manage time, and plan healthy activities is fundamental to the adoption of healthy habits (53). Several studies focus on the most beneficial health behaviors and advice on how to promote healthy habits, but they do not go into depth in terms of the personal aptitudes and individual capabilities of people, which could help not only to acquire but also to maintain over time the change in healthy behavior (42, 43, 54).

According to the COM-B system, at least two of the three parameters must exist for behavioral change to be possible (capability, motivation, and opportunity). That led us to understand why, in our results, we found a close relationship between psychological capability and automatic motivation (Figure 2). Although in other studies automatic motivation is considered to come exclusively from internal drives and instincts, our results revealed that it was influenced by extrinsic causes, which are mainly related to experiences with family, friends, or role models. Other studies show that poor social relationships (lack of bonding, social support, and social stress) increase cardiovascular risk, particularly with the cumulative impact of social factors, demonstrating the impact of personal relationships on health (55).

It is appropriate to continue to investigate the factors that influence the adoption of healthy behaviors and to distinguish the risk factors from individual and social criteria. Our participants described how they perceived the impact of their social and personal relationships on various aspects of their emotional and physical care. In particular, they emphasized partner and work relationships as influential factors in their health decision-making. Other studies show that positive interpersonal relationships and emotional support are fundamental tools for facing difficulties, especially in people suffering from a chronic illness, which was also evidenced in the well-known effect caused by the COVID-19 confinement stage (56). Other studies have found that the development of healthy relationships and the adequate management of emotional dependence contribute to a better perception of health and greater adherence to treatment (57). A variety of studies find that the implementation of group therapeutic tools, psychological counseling, and training in communication aptitudes and personal conflict resolution are essential to improving people’s quality of life (58, 59).

In terms of opportunity, according to other studies, work overload affects people’s physical opportunity by limiting their capability to engage in healthy behaviors, mainly due to a lack of time as a result of overwork (60, 61). In our study, participants mentioned that work overload prevented them from participating in physical activities or enjoying hobbies, as well as preparing healthier and more elaborate meals. Additionally, it generated stress and exhaustion, which in turn affected people’s capability to maintain an active lifestyle. Some of our results evidenced the lack of physical and cognitive opportunities in patients with chronic illnesses, which produced undesirable effects of the treatment and altered their daily routines. Nonetheless, they also demonstrated coping and adaptation strategies in the face of illness.

Another of our major findings was reflected in the discourse centered on the sexual division of labor (62). Our participants talked about how gender expectations had an impact on care and the acquisition of health behaviors and conduct. Some studies agree with our results, for example, that gender roles affect health decisions related to the distribution of responsibilities in the household and access to health services (63, 64). Our participants pointed out that gender role expectations, namely the assumption that women should assume the care of dependents, were associated with reduced opportunities to access health services and to engage in healthy behaviors such as physical activities and social meetings. Furthermore, it was observed that women may be stigmatized by their partners as having poor emotional control. Finally, through associative imagery dynamics, women were shown to be more concerned about their physical appearance and more involved in activities related to health care, such as practicing yoga, consulting nutritionists, or attending emotional support groups. Other studies reflect the sexual division of labor by showing how gender roles can limit the time and energy available for self-care and health care (65).

Some of our strengths lie in the opportunity to carry out the study in an extended way throughout a large part of the Spanish territory. It is crucial to recognize that in qualitative research, the representativeness of the participants’ discourse is fundamental, not the size of the sample, as emphasized by numerous studies in the field (66, 67, 68). Sample size, considerably larger than in other similar studies (156 participants), is due to purposive and theoretical sampling, which ensured the relevance of the participants’ experiences in relation to the object of study, allowing us to oversaturate the codes, a crucial aspect in qualitative research (Figure 3). The semi-structured interview design also facilitated the deepening of the lived experiences. In summary, we believe that both discursive variability and careful selection of participants were crucial. Even with a smaller number of participants, we would have achieved data saturation in our study. Some of our limitations are based on the breadth of topics to be addressed, as in the case of the determinants of health, which are so broad and coarse that we were unable to cover them all in depth in this article. Another possible difficulty may be having the intention of addressing a variety of dynamics in the FG, as happened in some cases where the moderator felt the need to hurry and interrupt the fluid dialog of the participants, because of the eagerness to complete all the programmed dynamics TSFG (38). On the other hand, although in principle our intention in stratifying the sample by rural and urban areas was to find large differences, the comparison did not obtain more than a few discussions on feeding styles in rural and urban areas, but a large participation in both zones was evident (Figure 3). Finally, aspects to be improved in the field work were revealed for future studies using photo-voice or photo-elicitation. In some cases, the final objective was not achieved with such material because the participants did not focus their speeches on what the images transmitted to them, thinking from their personal experience, but rather limited themselves to describing the image they saw, moving away from the true objective of the dynamics. This could also be connected to the fact that only general training was given to the whole research team, and in some cases, the FG moderators were people who did not attend the training, which became evident when redirecting the participants’ dialogs to the objective of the dynamic.

[image: Bar chart comparing rural and urban focus groups across six categories: Psychological Capacity, Physical Capacity, Physical Opportunity, Social Opportunity, Reflective Motivation, and Automatic Motivation. Rural groups have higher values in Psychological Capacity and Automatic Motivation, whereas urban groups are similar or lower in the other categories. Data points for rural and urban groups are indicated by shades of blue.]

FIGURE 3
 Diagram of code analysis document of the categories according to urban and rural area. Code Analysis-document: Comparison of the 17 urban and rural focus groups. Y: represents the number of codified quotes. X: represents category according to area. Grt = Is the number of total coded citations in the 17 focus groups by area. GS = Number of documents compared in each area.




5 Conclusion

In conclusion, the main findings of our research study reveal that personal aptitudes and personality traits can significantly influence the capability and motivation to change to implement a health behavior. Our participants remarked on the importance of personal problem-solving aptitudes, in addition to constantly practicing the search for tools of organization, time management, and planning to include healthy behaviors in their daily routine. They also emphasized the influence of interpersonal relationships on health decisions. In terms of health promotion programs, studies related to personal aptitudes and personality traits related to achieving the effectiveness of behavioral science theories have not yet been widely implemented. Thus, turning to high-quality intervention assessments to identify ways to improve the implementation of health behaviors and conduct that promote self-care is a viable option to recapture the essence of health promotion in the context of primary care.

In future research, it is suggested to carefully select the dynamics to be used in FG, limiting their number to one or a maximum of two per session to allow a more exhaustive exploration of the topics and to take greater advantage of each one. We conclude that the use of written dynamics to encourage the participation of people with introverted aptitudes is positive, since it reduces the social desirability bias. In addition, it is advisable to consult a professional expert in the use of images for behavioral dynamics, in order to generate discussion, ensuring that they are relevant and do not detract from the focus of the study. These recommendations will help to avoid shortcomings in the development of focus groups and will improve the quality of the research.
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Background: Quit smoking, moderate drinking, exercise, and healthy eating habits are all known to decrease the risk of stroke. As a result, understanding the health behaviors of high risk groups for stroke is crucial. Health behavior is influenced by knowledge, social environment, and health beliefs. However, little research has been done on these relationships. For a better grasp of the relationships mentioned above, consider using the COM-B model (capability, opportunity, motivation, and behavior). The purpose of this study was to investigate the variables related to health behavior and to test the mediating effect of health beliefs.
Methods: The cross-sectional study was carried out at a physical examination center of a tertiary hospital in Shanghai, China. 986 high-risk populations of stroke have been tested using the Health Behavior Scale (HBS-SP), Stroke Knowledge Questionnaire (SKQ), Health Beliefs Questionnaire (HBS), and Multidimensional Scale of Perceived Social Support (MSPSS). The structural equation modeling was used in this study.
Results: The scores for MSPSS, SKQ, HBS, and HBS-SP were 60.64 ± 13.72, 26.60 ± 9.77, 157.71 ± 34.34, and 2.46 ± 0.41, respectively. The revised model fits well (approximate root mean square error = 0.042; comparative fit index = 0.946). The health behavior was obviously and positively correlated to social Support, stroke knowledge, and health beliefs. Moreover, health belief has a mediating effect on the relation of social support, stroke knowledge, and health behavior.
Conclusion: Chinese high risk groups for stroke have a mediate level of health behaviors. Factors associated with health behaviors are knowledge of stroke, health beliefs, and social support. The COM-B-based model can be used to explain the health behavior of individuals at risk of stroke and to guide the formulation of effective health management programs.
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 the high-risk population of stroke; health behaviors; health beliefs; stroke knowledge; social support


Introduction

With more than 13 million strokes, over 2 million new cases, and an additional 23.9 million transient ischemic attacks (TIAs) per year (1, 2), stroke is the main cause of mortality and adult disability in China (3), and the economic cost of its treatment and out-of-hospital care is particularly high. Consequently, stroke places enormous pressure on patients, families, society, and medical systems (4). As part of the national noncommunicable diseases (NCDs) work, the Chinese government finally established the stroke screening and intervention project for high risk groups in 2011, and by 2016, 6 million people in 31 provinces have been screened for vascular risk factors (1). As of December 2019, the Brain Prevention Committee of the National Health Commission had licensed 30 stroke demonstration centers, 466 stroke centers, 181 comprehensive stroke prevention centers, and 717 stroke prevention centers (5).

Most of the burden of stroke can be attributed to changeable risk factors, and epidemiological studies show that these factors are related to the occurrence of stroke (6, 7). The main risk factor for stroke is hypertension (8). Additionally, research has shown that smoking significantly raises the relative risk of ischemic stroke by 90% (9, 10), making it an independent and significant risk factor. Diabetes, which can more than double the risk of stroke (11), is another independent risk factor for stroke. Atrial fibrillation and other types of heart disease may also increase the risk of stroke (12) and dyslipidemia is significantly associated with stroke (13). Increasing daily physical exercise can reduce the risk of stroke (14, 15). There is also a positive correlation between stroke and obesity.

Health behavior is an effective and practical way to prevent stroke (16, 17) and is defined as a range of overt behavior patterns, actions, and habits that relate to health maintenance, health restoration, and health improvement (18), which possibly reduces stroke risks by as much as 80% (19), and stroke incidence rates by as much as 50% (20). Numerous researchers have extensively examined the interplay between knowledge and belief and an individual’s understanding of a specific event is influenced by the information they acquire, whereas beliefs are rooted in the knowledge perceived by the individual (21). Previous studies show that stroke patients with more knowledge, strong health beliefs, and social support will greatly improve their health behavior (22, 23). Moreover, social interaction also plays a critical role in the outcome of stroke survivors and social support can also increase health belief which refers to an individual’s belief in his or her capability to execute health behaviors necessary to achieve health-related outcomes (24).

However, current primary stroke prevention strategies for high-risk groups (19) fail to actively prevent most high-risk groups because of the lack of personal motivation to control risk factors (25). Individuals at risk of stroke rarely adhere to suggested lifestyle changes, from unhealthy lifestyles to health-promoting behaviors (26). Most studies on the factors that influence health behavior have rarely been influenced by a theoretical framework. As a result, employing behavioral models to identify health behaviors may provide important insights into efficient interventions to enhance health-promoting behaviors. The capability opportunity motivation and behavior (COM-B) model is a model for behavior change (27). According to the theory, behavior is produced by the interaction of capability (psychological or physical ability, such as knowledge), opportunity (physical and social environment, such as environmental resources and social impacts), and motivation (reflective and automatic mechanisms, such as self-efficacy and emotion) (28). The relationship between capability, opportunity, and conduct is mediated by motivation. This framework can help researchers diagnose what needs to be changed to achieve the desired behavior, hence assisting in the design of behavior change interventions (28). The COM-B has demonstrated substantial explanatory power for health behaviors in earlier studies (28, 29). However, only a limited amount of studies have determined the paths using structural equation modeling (SEM). Therefore, in our study, we regard capability as knowledge of stroke, opportunity as social support, motivation as health beliefs, and behavior as a healthy lifestyle. To examine the relationships between the aforementioned variables, we utilized SEM. The theoretical model is shown in Figure 1.
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FIGURE 1
 Conceptual model of this study.


Based on the above discussion, we propose the following hypotheses:


H1: Social support, stroke knowledge, and health beliefs significantly affect the health behaviors of high-risk individuals with stroke.
H2: Health beliefs mediate the relationship between social support, stroke knowledge, and health behaviors.



Therefore, this research focuses on high-risk groups of stroke and conducts an in-depth review of their health behaviors. On the one hand, this study facilitates a deeper understanding of the relationship between social support, stroke knowledge, health beliefs, and health behavior while examining the possible channels through which the above variables affect health behaviors among high-risk groups from the comprehensive COM-B theory. On the other hand, to better understand the influence of beliefs, this study included health beliefs as a mediating variable. This study fills in the gaps left by earlier research and offers a solid foundation for more effective guidance aimed at enhancing the health behaviors of high-risk groups and reducing the morbidity of stroke.



Methods


Study design and participants

Convenience sampling and a cross-sectional design were used in this investigation. In total, 986 individuals from our hospital’s physical examination center engaged in this study. The inclusion criteria for patients in this research were (1) people aged ≥ 18 years old; (2) high-risk populations of stroke; and (3) voluntarily participating in this study. Our definition of high-risk populations of stroke in this study included subjects with high-risk factors, but no cardiovascular events. The risk of stroke was assessed according to the Chinese Stroke Screening and Prevention Program, people with three or more of the following risk factors are classified as high-risk stroke population: hypertension, hyperlipidemia, diabetes, current smoking, physical inactivity, atrial fibrillation, obese or overweight (BM ≥ 26 kg/m2), family history of stroke (30). The BMI was computed as weight/height2 (kg/m2). Individuals with communication difficulties due to severe physical or mental illnesses, serious illnesses such as malignant tumors, dementia, and schizophrenia, and disabilities were excluded. According to the requirements of the sample size of the structural equation model, the number of samples should be 10 to 20 times the number of observed variables. A total of 32 observed variables were included in the structural equation modeling in this study. The theoretical sample size is 320 to 640 people. The actual sample size in this study was 986, the effective sample size was 960, and it also met the minimum requirement of 200 people for the structural equation model sample (31).



Instruments and measurements


Demographic and clinical information

Sociodemographic information included age, gender, education, marriage status, current smoking, and physical inactivity. Clinical information included hypertension, dyslipidemia, diabetes, obesity or overweight, atrial fibrillation, and a family history of stroke. These data were obtained through a comprehensive and self-made questionnaire.



The Chinese version of the multidimensional scale of perceived social support (MSPSS)

MSPSS was designed by Zimet et al. (32). MSPSS is a 12-item questionnaire that assesses subjective perceptions of the adequacy of social support from family, friends, and important others (romantic partners, etc.). Participants rated these questions on the Likert scale on a scale of 1 to 7, with a score of 1 as very strong disagreement and 7 as very strong agreement. Summary scores range from 12 (lowest) to 84 (highest level of social support). The Chinese version of the MSPSS has good reliability and validity in the Chinese population (33, 34). In the study, the Cronbach’s α of MSPSS was 0.979.



The Chinese version of the stroke knowledge questionnaire (SKQ)

SKQ is a 40-item questionnaire to evaluate personal knowledge about stroke, developed by Yao (35). SKQ has 6 dimensions: premonitory symptoms (7 items), emergency treatment (4 items), risk factors (12 items), drug safety (4 items), mode of behavior (10 items), and rehabilitation (3 items). The answer to each item gets one point and the correct answer gets one point, the wrong answer or unknown answer gets zero. Each participant’s project scores add up, ranging from 0 to 40. The higher the score, the higher the understanding of stroke. The scale is widely used in China and has good reliability and validity (36–38). In the study, the Cronbach’s α of SKQ was 0.938.



The Chinese version of the health beliefs scale (HBS)

HBS is a 48-item questionnaire to assess health beliefs, which was suitable for Chinese populations and was developed by Ji and Yang (39). There are 48 items in 5 dimensions, including personal health belief (10 items), feel the implement ability (7 items), feel control (6 items), feel the resources used (14 items), and feel the threat (11 items). Each item’s ratings ranged from 1 (very weak) to 5 (very strong). Summary scores range from 48 (lowest) to 240 (highest level of health belief). The scale is widely used in China (40, 41) and in this study, the Cronbach’s α of HBS was 0.983.



The Chinese version of the health behavior scale for stroke patients (HBS-SP)

HBS-SP was designed by Wan et al. (42) according to the Chinese version of the Health Promotion Lifestyle Profile II. HBS-SP contains 25 items in 6 dimensions, including exercise (6 items), medication adherence (4 items), guideline adherence (6 items), nutrition (3 items), health responsibility (2 items), smoking and alcohol abstinence (2 items). The rating for each item ranges from 1 (never) to 4 (always). According to the average score of the scale, the average score for each subcategory <2 means low level health behavior, the score of 2–3 means moderate-level health behavior, and the score > 3 means high-level health behavior. This scale has good reliability and validity and can scientifically assess the health behavior level of stroke patients and high-risk populations of stroke (43, 44). In the study, the Cronbach’s α of HBS-SP was 0.867.




Data collection

This study was conducted in an anonymous and volunteer manner. Participant recruitment took place between April to August 2023. We posted recruitment posters, which detailed the volunteer criteria and participation locations. Those willing to participate can directly go to the office alone and then researchers explain the research content to them and obtain informed consent from participants. Before starting the data collection, participants were also informed of their purpose and the choice to participate or withdraw during the experiment. The participants’ responses were filled out in questionnaires. Of the 986 questionnaires submitted, all filled out this questionnaire but 26 were excluded because they had more than 10% of missing items.



Statistical analyses

For analysis, we used the method of data two-person input to ensure the accurate input of data. The data were analyzed using SPSS version 26.0. Normality was assessed using the Shapiro–Wilk test and normal quantile plots. The participants’ sociodemographic and disease-specific characteristics were first described using descriptive statistics. One-way analysis of variance (ANOVA) and independent sample T-test were used for statistical analysis. Second, Spearman correlation analysis was used to explore the correlation between knowledge, health beliefs, social support, and health behaviors. In this study, structural equation modeling (SEM) was used to test the chain mediating effect. AMOS 25.0 was used to analyze the SEM of the variables MSPSS, SKQ, HBS, and HBS-SP. The level of statistical significance was set at 0.05. To improve the accuracy of model estimation, 5,000 times Bootstrap self-sampling method was used for analysis to test the significance of the mediating effect, and 95% confidence intervals were calculated; if the 95% CI of the standardized path coefficients did not contain 0, then the intermediate effect was significant.




Results


Participant characteristics and analysis of group differences in MSPSS, SKQ, HBS, and HBS-SP

A total of high-risk populations of stroke (male 70.00% and female 30.00%) were recruited in the study. The average age was 62.28 ± 12.88, and 63.44% of the population were over 60. High-risk populations of stroke had a bachelor school education or above accounted for 25.52% (245/960), 94.48%(907/960) of the patients were married, and 87.08%(836/960) of the patients with a family history of stroke. The result showed that female, people with hypertension, diabetes, atrial fibrillation, and dyslipidemia had higher scores on HBS-SP (p < 0.05). Individuals who are current smoking, and physical inactivity had lower scores on HBS-SP (p < 0.05). Table 1 shows the detailed results.



TABLE 1 Participant characteristics (N = 960).
[image: A table displays various demographic and health variables analyzed for their effects on MSPSS, SKQ, HBS, and HBS-SP scores, with associated statistical values. Categories include age, gender, education, marital status, hypertension, dyslipidemia, diabetes, obesity, smoking status, physical inactivity, atrial fibrillation, and family history of stroke. The table shows means with standard deviations, along with F, t, and p-values indicating statistical significance. Certain values are highlighted in bold to denote significance at different p-value thresholds.]



Correlation of MSPSS, SKQ, HBS, and HBS-SP

Table 2 showed that total or average scores for MSPSS, SKQ, HBS, and HBS-SP were 60.64 ± 13.72, 26.60 ± 9.77, 157.71 ± 34.34, and 2.46 ± 0.41, respectively. Table 2 also presented the statistical results of correlation coefficients that the HBS was obviously and positively correlated to MSPSS (r = 0.300, p < 0.01) and SKQ (r = 0.166, p < 0.01). In addition, HBS-SP was obviously and positively related to MSPSS (r = 0.336, p < 0.01), SKQ (r = 0.355, p < 0.01), and HBS (r = 0.519, p < 0.01).



TABLE 2 Spearman correlation analysis of each variable (N = 960).
[image: A correlation matrix table showing relationships among 24 variables with means and standard deviations. Variables include support systems, safety, behavior modes, and health beliefs. Correlation coefficients are marked, with significance levels denoted by asterisks: \(p < 0.05\) (\*), \(p < 0.01\) (\*\*), and \(p < 0.001\) (\*\*\*). Diagonal cells contain scores of one, while other values range from negative to positive correlations, indicating varying degrees of association between variables.]



Mediations of MSPSS, SKQ, HBS, and HBS-SP

To test the mediating role of HBS between the independent variables MSPSS, and SKQ, and after the modification of the model, the fitting index results were obtained: X2/df = 2.724 < 5.000, NFI = 0.936 > 0.900, GFI = 0.946 > 0.900, TLI = 0. 954 > 0.900, RFI = 0.928 > 0.900, CFI = 0.959 > 0.900, and RMSEA = 0.042 < 0.080, the overall model fitted well. As shown in Figure 2, all standardized path coefficients were meaningful (p < 0.05). MSPSS had a meaningful positive predictive effect on HBS and HBS-SP (β = 0.314, p < 0.001; β = 0.067, p < 0.001), and SKQ had a meaningful positive predictive effect on HBS and HBS-SP (β = 0.954, p < 0.001; β = 0.557, p < 0.001).

[image: Conceptual model diagram showing relationships among variables: MSPSS, SKQ, HBS, and HBS-SP. MSPSS includes family, friends, and significant other support. SKQ involves symptoms, treatment, and safety. HBS elements are personal health beliefs. HBS-SP components include exercise and medication adherence. Arrows indicate strength and direction of relationships with coefficients like 0.862 and 0.557.]

FIGURE 2
 Results of pathway analysis of MSPSS, SKQ, HBS, and HBS-SP. ***p < 0.001.


From Table 3, the 95% CI of the above four paths does not contain 0, which suggested that the total effect, direct effect, and total indirect effect in the model are statistically significant. Through further analysis of the effects of variables, it was found that the total effect of MSPSS to HBS-SP was 0.110, the direct effect was 0.067 (effect size 8.40%), the indirect effect was 0.043 (effect size 5.39%), the total effect of SKQ to HBS-SP was 0.688, the direct effect was 0.557 (effect size 69.80%), the indirect effect was 0.131 (effect size 16.42%), and the total effect was 0.798, the direct effect was 0.624 (effect size 8.40%), the indirect effect was 0.174 (effect size 5.39%).



TABLE 3 Mediating effect test between MSPSS, SKQ, HBS, and HBS-SP.
[image: A table shows statistical analysis results with paths labeled as MSPSS→HBS-SP and SKQ→HBS-SP. It presents effect values, bootstrapping standard errors, p-values, and 95% bias-corrected confidence intervals (LLCI and ULCI). It includes relative intermediary effects in percentages, with the total effect between SKQ and HBS-SP being highest at 86.22%.]




Discussion

Previous studies have shown that having unhealthy behavior plays a critical role in the onset and recurrence of stroke (28, 45). The COM-B model is used in the study to explore the influencing factors of health behavior and the mediating function of health beliefs in populations at high risk for stroke. This is the first study that, to our knowledge, highlights the significance of health beliefs as a medium between knowledge, social support, and health behaviors among individuals at high risk for stroke. In line with earlier research (42, 44, 46, 47), we discovered that high-risk groups’ preventive behavior against stroke was at a moderate level. We also discovered a statistically significant beneficial relationship between knowledge, social support, health beliefs, and health behaviors. In addition, the connection between knowledge, social support, and health behaviors was mediated by health attitudes.

It should be highlighted that hypertension (67.29%) was the most prevalent risk factor among high-risk groups in our investigation, which has been supported by numerous other experimental studies (2, 48–50). Physical inactivity and current smoking are the second and third risk factors, respectively, which are preventable risk factors regarding lifestyle. Given these preventable and controllable risk factors, it is suggested that the specific evaluation of health behavior be done rapidly and efficiently. Interventions like health education that promote awareness of medical problems and encourage the improvement of health behavior are also suggested. In addition, the examination of discrepancies in HBS-SP among different demographic characteristics has proved that males have better health behavior than females. Those with chronic diseases (like hypertension or diabetes) are more likely to have healthier lifestyles, which is consistent with previous studies (51).

In this study, we identified a significant positive association between stroke knowledge, social support, health beliefs, and health behavior among high-risk groups in China, which supports H1. Knowledge is the foundation to change behavior and this conclusion is consistent with previous research findings on their relationships. For example, in 2008, using data from a survey of diabetes patients in China, researchers examined the knowledge of diabetic foot prevention and nursing practice (52). They found patients with higher knowledge scores were more effective in practice. Researchers also have verified the role of health education in enhancing behavior beliefs in another study (53). Besides, patients usually can not be treated continuously because of poor support according to previous research (54), which suggests adequate social support has a positive impact on patients and helps them develop healthy behaviors. In addition, health beliefs were directly associated with health behavior. The finding is consistent with previous studies (55, 56). According to the health beliefs model (HBM), one of the well-known theories of health behavior, beliefs in health risk predict the likelihood of engaging in health behavior (57, 58). Beliefs are a key concept in understanding health-related cognition and behavior. Thus, patients with high-level health beliefs, such as higher levels of self-efficacy and confidence, motivation to take action, stronger ability to cope with and adapt to adversity, and accurate risk perception, will have higher levels of healthy behaviors (e.g., diet, physical activity, and treatment adherence) (59). Peng et al. (60) also investigated the relationship between health beliefs and health behaviors among stroke patients in China, which proved that higher beliefs mean better health behaviors.

In the present study, health beliefs function as a significant mediator between social support, stroke knowledge and health behaviors. That is high-risk groups’ beliefs in their skill to prevent stroke is an important mechanism linking knowledge and social support with health behaviors. Therefore, H2 is supported. Health beliefs are an attitude toward health and disease. People with strong health beliefs believe in their ability to maintain or regain their health and believe that they can better prevent disease (e.g., strokes) by adhering to certain behaviors (e.g., taking medication regularly) or making certain changes (e.g., quitting smoking, losing weight). Although no direct studies currently focus on the mediator role of health beliefs between the above factors, studies have explored the relationship between health behavior and them (61). Therefore, the government should focus on educating the high-risk groups on stroke and its risk factors since this will help them understand the disease, thereby encouraging the building of good beliefs and finally enhancing health behaviors.



Limitations

There are several restrictions on this study. First, this study was cross-sectional in design, and therefore, any causal relationship could not be established and the dynamic changes in factors associated with health-related behaviors were not well understood. Thus, in the future experimental and longitudinal research are necessary. Second, the sample was drawn from a single physical examination center. The sample of individuals might not accurately and adequately represent the population. Third, this study recruited participants on a voluntary method, which may introduce a certain bias as individuals willing to participate may have better knowledge and behaviors related to the study. Furthermore, participants’ occupations and whether they have been involved in other health education programs were not taken into account. In future research, it is advisable to collect demographic information to minimize bias. In addition, the overall study population included more men (70%) than women (30%), which might cause bias in the results.



Conclusion

The study’s findings show that knowledge, social support, and health beliefs significantly and positively correlate with inadequate health behaviors reported by high-risk individuals for stroke. In addition, the link between knowledge, social support, and health behaviors is mediated by health beliefs. These results imply that regular evaluation of health behaviors, knowledge, health beliefs, and social support, as well as the use of targeted interventions, are crucial for lowering the risk of stroke. Future studies are necessary to explore these therapies’ effectiveness using longitudinal data based on this study.
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Background: Previous observational studies have shown a correlation between leisure sedentary behaviors (LSB) and physical activity (PA) with the incidence of obstructive sleep apnea (OSA). However, the causal associations remain unknown. Therefore, our study used bidirectional two-sample Mendelian randomization (MR) to identify potential causal relationships between LSB/PA and OSA.
Methods: We sourced genetic variation data for LSB and PA from the UK Biobank, while data on OSA were collected from the FinnGen study. The primary analysis method employed was the inverse variance weighted (IVW) approach, complemented by the weighted median and MR-Egger methods. For sensitivity analyses, we conducted Cochran’s Q test, the MR-Egger intercept test, the MR-PRESSO global test, and the leave-one-out analysis.
Results: IVW analyses showed that genetically predicted leisure television watching (odds ratio [OR] = 1.38, 95% confidence interval [CI] = 1.09–1.75, p = 0.007) and computer use (OR = 1.48, 95% CI = 1.15–1.92, p = 0.002) significantly increased the risk of OSA. Conversely, self-reported vigorous physical activity (VPA) (OR = 0.33, 95% CI = 0.11–0.98, p = 0.046) may reduce the risk of OSA. No causal effects on OSA risk were observed for driving or self-reported moderate-to-vigorous physical activity. Furthermore, the reverse MR analysis indicated no significant causal relationship between OSA and any LSB/PA phenotype. Sensitivity tests showed no significant heterogeneity or horizontal pleiotropy.
Conclusion: This study suggests that leisurely television watching and computer use are risk factors for OSA, while VPA may be a protective factor. Additionally, OSA does not affect PA or LSB levels. We recommend reducing sedentary activities, particularly television watching and computer use, and prioritizing VPA to reduce the risk of OSA. Further research in diverse populations and settings is needed to validate these findings.
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1 Introduction

Obstructive sleep apnea (OSA) is a sleep disorder characterized by repeated collapse or complete obstruction of the upper airway during sleep, resulting in apnea or hypoventilation. The primary pathophysiological characteristics of OSA include intermittent hypoxia and sleep fragmentation (1). OSA is closely associated with metabolic disorders, cardiovascular diseases, and neuropsychiatric diseases (2–6). OSA has become a significant global public health challenge, affecting approximately one billion adults worldwide (7, 8). Therefore, it is crucial to have a comprehensive understanding of the potential risks and protective factors for OSA to develop new prevention and intervention measures.

Leisure sedentary behaviors (LSB) is defined as low-energy expenditure activities in which the metabolic equivalent is ≤1.5 for maintaining body posture by lying supine or sitting during waking hours, including the three phenotypes of television watching, computer use, and driving (9). Physical activity (PA) is defined as musculoskeletal movement that consumes energy (10). Advances in technology have resulted in significant lifestyle changes, including an increased prevalence of LSB and a reduced level of PA. The coronavirus disease 2019 pandemic has further exacerbated this trend by limiting opportunities for PA while promoting LSB (11). Scientific evidence has shown that LSB is associated with higher all-cause mortality rates, while PA can lower this risk (12).

Observational research consistently demonstrates a positive correlation between LSB and an increased risk of OSA (13–15), while PA is inversely associated with OSA risk (16). The nocturnal movement of fluid from the lower extremities toward the neck is a predisposing factor to OSA (1). LSB impedes venous return, leading to fluid accumulation in the lower extremities (17). In contrast, PA reduces the risk of OSA by activating the muscular venous pump, thereby increasing venous return and reducing fluid accumulation in the lower extremities (18). Additionally, some studies suggest that OSA may lead to lower PA levels (19, 20). OSA-induced hypoxia may lead to the transformation of type I muscle fibers into type II muscle fibers (20). Type I muscle fibers are slow muscle fibers that produce energy through oxidative metabolism and are resistant to fatigue. Type II muscle fibers are fast muscle fibers that produce energy through the glycolytic pathway and are more susceptible to fatigue. The OSA-induced transformation of the type of muscle fiber leads to a decrease in overall PA levels. At the same time, OSA increases inflammatory cytokines expression (21). Inflammatory cytokines not only act directly on muscle fibers, interfering with their signaling and metabolic processes, leading to the accelerated breakdown of muscle proteins, but also affect the function of mitochondria in muscle fibers, thereby affecting muscle contraction efficiency and endurance (22, 23). These changes lead to greater muscle fatigue, further reducing PA levels. These mechanisms illustrate the potential bidirectional causality between LSB, PA, and OSA. On the one hand, increased sedentary behavior and reduced physical activity can exacerbate OSA through fluid redistribution and metabolic changes. On the other hand, OSA can contribute to decreased physical activity through muscle fiber transformation, increased fatigue, and inflammation.

However, it is not possible to establish a causal inference between LSB/PA and OSA in observational studies due to the limitations in evidence quality, the potential for reverse causation, and the influence of residual confounders. Mendelian randomization (MR) offers a powerful alternative to overcome these limitations by using genetic variations as instrumental variables (IVs) to explore causal relationships between exposures and outcomes based on data from Genome-Wide Association Studies (GWAS) (24). This approach capitalizes on the random assortment of genetic variants at conception, ensuring that environmental risk factors do not influence these genetic variants (25). This randomization process effectively reduces the impact of confounding variables and reverse causality, providing a more reliable basis for causal inference compared to traditional observational studies (26).

Although there is a wealth of research on the association between LSB/PA and OSA, there is a scarcity of studies employing MR to disentangle these relationships. Recently, a valuable MR study explored the causal associations between 34 modifiable risk factors and OSA (27). This study found that vigorous PA could reduce the risk of developing OSA, whereas moderate PA and sedentary behavior did not significantly affect OSA. However, this study determined the phenotypes of moderate PA and vigorous PA using the criterion of “days per week with at least 10 min of moderate PA or vigorous PA,” which has certain limitations. Additionally, the study did not classify the LSB phenotypes, despite the possibility that different LSB phenotypes might have varying impacts on OSA risk. Moreover, no MR studies have examined the effects of OSA on LSB and PA. Our study addresses these gaps using a bidirectional two-sample MR method to assess the causal relationship between LSB/PA and OSA. In our study, PA is determined by calculating weekly metabolic equivalent minutes, providing a more accurate measure of activity. We also provide detailed classifications of LSB phenotypes, including television watching, non-work-related computer use, and driving, to explore the specific impacts of different LSB phenotypes on OSA. Additionally, we investigate the effects of OSA on PA and LSB. Our study uncovers more precise causal relationships by addressing previous research limitations and employing a more detailed and accurate classification of PA and LSB. This comprehensive understanding provides valuable insight into potential preventive intervention strategies for OSA and informs better-targeted interventions.



2 Methods


2.1 Study design

Our bidirectional two-sample MR analysis consisted of four key steps. First, we identified single nucleotide polymorphisms (SNPs) associated with exposures from large-scale GWAS in publicly available databases. These SNPs served as IVs to ensure the robustness of the MR analyses. Second, we selected genetic data related to outcomes from different databases to prevent sample overlap and potential biases. In the third step, we conducted the bidirectional two-sample MR analysis, using the identified SNPs as instrumental variables to explore the causal relationships in both directions. Finally, we conducted a sensitivity analysis to confirm the robustness of our result. To ensure the reliability of MR findings, three key assumptions must be met: (i) the IVs are closely associated with the specific exposures; (ii) the IVs are independent of any potential confounders; and (iii) the IVs only affect outcomes through exposures (28). Additionally, to avoid biases arising from racial differences, both the genetic data for exposures and outcomes in our MR study were derived from populations of European ancestry. Figure 1 illustrates the design framework for this study.
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FIGURE 1
 Study design for investigating the causal relationship between LSB/PA and OSA using bidirectional two-sample MR. MR, Mendelian randomization; SNPs, single-nucleotide polymorphisms; LSB, leisure sedentary behavior; PA, physical activity; OSA, obstructive sleep apnea. Created with BioRender.com (agreement number: DY26TQ4FRC).




2.2 Data source of LSB/PA

PA related summary statistics were derived from published GWAS studies (Table 1) based on those conducted by the UK Biobank (29). The UK Biobank is a large-scale prospective cohort research program that includes over 500,000 participants of European ancestry, aged between 40 and 69 years, recruited from across the UK. The data collection period spanned from 2006 to 2010, with comprehensive information gathered on various health and lifestyle factors using validated scales (30). This study used two PA phenotypes: self-reported moderate-to-vigorous physical activity (MVPA) and self-reported vigorous physical activity (VPA). Self-reported PA data were collected using a touch-screen questionnaire, a fully validated short version of the International Physical Activity Questionnaire (31–33). The questionnaire evaluated 377,234 participants’ PA levels. For moderate PA, participants were asked: “On how many days in a typical week do you engage in at least 10 min of moderate physical activity, such as light weight-bearing activities or riding at a normal pace? (excluding walking).” For VPA, participants were asked: “On how many days in a typical week do you perform at least 10 min of vigorous physical activity? (These are activities that make you sweat or have difficulty breathing, such as fast cycling, aerobics, and weight lifting).” After removing outliers, MVPA was obtained by calculating the sum of the metabolic equivalents of moderate PA and the metabolic equivalents of VPA. The skewed distribution of the MVPA data necessitated an inverse normalization before conducting the GWAS analysis. VPA has been shown to have high heritability (29), so it was analyzed separately. It is important to note that the VPA data exhibited high skewness and had zero inflation, so it was processed as a dichotomous result to facilitate subsequent analyses.



TABLE 1 MR analyses data sources.
[image: Table showing phenotypes, consortia, sample sizes, GWAS IDs, and ethnicity. Includes Television watching, Computer use, and Driving under UK Biobank with European ethnicity. MVPA and VPA also under UK Biobank. OSA from FinnGen Biobank with 16,761 patients and 201,194 controls, all with European ethnicity.]

Data related to LSB are derived from the MRC IEU OpenGWAS database,1 developed by the MRC Integrated Epidemiology Unit at the University of Bristol (34). The database currently contains 346.6 billion genetic associations from 50,044 GWAS datasets covering different human phenotypes and disease outcomes in different populations. The LSB consists of three phenotypes: television watching, non-work-related computer use, and driving (Table 1). All three phenotypes were obtained from the UK Biobank data section of the MRC IEU OpenGWAS database (35). To assess the LSB, each participant was asked three questions: “How many hours do you spend watching television each day?,” “How many hours do you spend using a computer for non-work purposes each day?,” and “How many hours do you spend driving each day?.” Based on these questions, the number of individuals exhibiting phenotypes of television watching, non-work-related computer use, and driving is 437,887, 360,895, and 310,555, respectively.



2.3 Data source of OSA

We extracted candidate genetic instruments for OSA from a recent GWAS involving 16,761 patients and 201,194 controls in the FinnGen Study (36). FinnGen2 is a large-scale biobank project in Finland that aims to collect and analyze genomic and health data from 500,000 participants to improve human health through genetic research. OSA diagnoses were based on the International Statistical Classification of Diseases (ICD) codes (ICD-10: G47.3, R06.5; ICD-9:3472A), and were supplemented by clinical examination, subjective symptoms, and sleep registration with an apnoea-hypopnoea index ≥5/h or a respiratory event index ≥5/h. The FinnGen dataset consisted of individuals of European ancestry.



2.4 Selection of instrumental variables

We implemented a meticulous selection process to ensure the quality of IVs, aiming to meet the three core assumptions required for MR analysis (Figure 2). Initially, we identified genome-wide significant SNPs from the GWAS of the targeted exposure (p < 5 × 10−8). Second, the PLINK algorithm was used to identify SNPs not in linkage disequilibrium (r2 < 0.001; clumping distance = 10,000 kb). Third, we manually screened and excluded any IVs potentially related to the outcome traits using the PhenoScanner V2 database.3 Finally, we excluded SNPs with an F-statistic <10 to prevent biases caused by weak instruments. The F-statistic is calculated using the formula [image: The equation \( F = \frac{R^2 \times (N - 2)}{1 - R^2} \) is shown.], where N denotes the sample size and R2 represents the proportion of the variance in the exposure that is explained by the IVs (37, 38).

[image: Flowchart illustrating Mendelian Randomization (MR) analysis. It describes exposure data (GWAS for leisure sedentary behavior and physical activity) and outcome data (GWAS for obstructive sleep apnea). Association threshold is P < 5 x 10⁻⁸. Various analyses include IVW, MR-Egger, Weighted median, Cochran's Q, Leave-one-out, MR-Egger intercept, and MR-PRESSO tests. The chart shows data extraction, threshold criteria, and analysis methods.]

FIGURE 2
 Flowchart of the bidirectional MR analysis. MR, Mendelian randomization; SNPs, single-nucleotide polymorphisms; IVW, inverse-variance weighted; GWAS, genome-wide association study. Created with BioRender.com (agreement number: KT26TQ67AD).




2.5 Mendelian randomization analyses

This study utilizes a bidirectional two-sample MR approach (Figure 2), primarily employing the inverse variance weighted (IVW) method to deduce causal relationships. The IVW method utilizes meta-analysis to aggregate Wald ratio estimates from each SNP, deriving a consolidated effect estimate (39). Under the assumption that all SNPs are valid IVs (0% null IVs), meaning there is no horizontal pleiotropy (IVs influence the outcome only through the exposure), the IVW method is considered the most reliable for causal inference among all MR analysis approaches (40). However, the IVW method may lead to biased conclusions in the presence of horizontal pleiotropy (41). Therefore, we supplement the IVW method with the weighted median and MR-Egger methods. The weighted median method can provide consistent causal estimates even if up to 50% of the SNPs violate the IVs validity assumption (50% null IVs) (42). The MR-Egger method provides robust estimates under the scenario where all SNPs violate the IVs validity assumption (100% null IVs) (43). In cases of inconsistency across the directional results of different MR analyses, we establish a stricter instrument p-value threshold to ensure reliability (44).



2.6 Sensitivity analyses

To ensure the robustness and reliability of the MR results, we performed various sensitivity analyses. Initially, Cochran’s Q test assessed heterogeneity among SNPs in the IVW analysis (45). The p-value > 0.05 indicates no significant heterogeneity, allowing the use of a fixed effect model. We employed the IVW method with a multiplicative random effects model in the presence of heterogeneity (p-value < 0.05). Subsequently, we applied the Mendelian randomization pleiotropy residual sum and outlier (MR-PRESSO) test to identify SNPs outliers with pleiotropic effects. After removing outliers, we performed an outlier-adjusted MR analysis to produce unbiased causal effect estimates (46). Third, the MR-Egger regression intercept test was used to evaluate horizontal pleiotropy. MR-Egger regression, developed from Egger regression, uses the formula [image: The image shows a mathematical equation: alpha sub i equals beta sub gamma sub i plus beta sub zero.], where [image: The image shows the Greek letter alpha with a subscript "i".]represents the effect of the IVs on the outcome, [image: Greek letter beta with subscript gamma and subscript i.] represents the indirect effect of the IVs on the outcome through the exposure, and [image: Greek letter beta with a subscript zero.] represents the estimated average horizontal pleiotropic effect. An intercept [image: Greek letter beta in subscript notation, representing \(\beta_0\).] with p-value < 0.05 indicates the presence of horizontal pleiotropy (43). Finally, we conducted a leave-one-out (LOO) analysis to investigate whether specific SNPs strongly drive the causal relationship. This method sequentially excluded SNPs associated with the exposure and repeated the IVW analysis to observe if there were statistical differences in the results before and after exclusion.



2.7 Statistical analysis

All statistical analyses were conducted using the TwoSampleMR (version 0.5.7) and MR-PRESSO (version 1.0) packages within R (version 4.3.3). In this study, due to the multiple tests involving five exposure variables, a Bonferroni-adjusted p-value < 0.01 was used as the significance threshold to rigorously control the overall Type I error rate. Associations with a p-value below 0.05 but above 0.01 were regarded as nominal evidence of association, indicating potential relationships that may merit further investigation. The results of the MR analyses are presented as odds ratios (OR) with the corresponding 95% confidence interval (CI).



2.8 Ethics statement

The studies involving humans were approved by the North West Multi-centre Research Ethics Committee, The Coordinating Ethics Committee of the Hospital District of Helsinki and Uusimaa. The studies were conducted in accordance with the local legislation and institutional requirements. The human samples used in this study were acquired from another research group. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.




3 Results

We applied strict selection criteria to identify 187 SNPs associated with LSB, which were subsequently used as IVs. Of these SNPs, 106 were associated with television watching, 76 with computer use, and 5 with driving. All F-statistics used for the IVs of LSB were > 10, ranging from 16.60 to 83.85. The median F-statistics for television watching, computer use, and driving were 20.61, 21.43, and 17.69, respectively, suggesting that there is no weak instrument bias. Supplementary Tables S1–S3 present detailed data. For PA, a total of 24 independent SNPs were selected as IVs. Of these, 17 SNPs were associated with MVPA and 7 SNPs with VPA. All F-statistics for the IVs used for PA exceeded 10, ranging from 27.51 to 58.64. The median F-statistics for MVPA and VPA were 29.39 and 39.67, respectively, suggesting that the weak instrumental bias was absent. Supplementary Tables S4, S5 list the results. The reverse MR analysis included a total of 5 independent SNPs as IVs of OSA. All F-statistics used for the IV of OSA were > 10, ranging from 504.94 to 1117.14, with a median of 542.04. This suggests that the weak instrumental bias is not present. Supplementary Table S6 presents the results.


3.1 Causal effect of LSB/PA on OSA

IVW analysis revealed that television watching significantly increased the risk of OSA (OR = 1.38, 95% CI = 1.09–1.75, p = 0.007) as shown in Figure 3. In addition, the weighted median and MR-Egger methods showed a consistent direction, although the observed trends were not statistically significant. For the causality between computer use and OSA, IVW analysis revealed a significant association between computer use and increased risk of OSA (OR = 1.48, 95% CI = 1.15–1.92, p = 0.002). Similarly, weighted median analysis supported this causal association (OR = 1.78, 95% CI = 1.22–2.58, p = 0.002). The MR-Egger method analysis showed a consistent direction, although the observed trends were not statistically significant. However, among these three methods of MR analysis, there was no evidence to suggest a causal association between driving and OSA.

[image: Forest plot showing the association between different exposures and the outcome of obstructive sleep apnea (OSA) using three methods: IVW, Weighted median, and MR Egger. Significant p-values are highlighted in red for television watching (IVW: 0.007), computer use (IVW: 0.002, Weighted median: 0.002), and vigorous physical activity (VPA) (IVW: 0.046, Weighted median: 0.022). Horizontal lines represent odds ratios with confidence intervals across the methods.]

FIGURE 3
 MR estimates results of causal effect of LSB/PA on OSA. OSA, obstructive sleep apnea; MVPA, self-reported moderate-to-vigorous physical activity; VPA, self-reported vigorous physical activity; IVW, inverse variance weighted; OR, odds ratios; 95%CI, 95% confidence interval; *p < 0.01.


In the PA phenotype, IVW analysis showed a nominal association between VPA and reduced risk of OSA (OR = 0.33, 95% CI = 0.11–0.98, p = 0.046). The weighted median analysis also presented the nominal association (OR = 0.15, 95% CI = 0.03–0.76, p = 0.022). Consistently, the MR-Egger method showed a similar direction, though not statistically significant. However, among these three methods of MR analysis—IVW, Weighted Median, and MR-Egger—there was no statistically significant evidence (p > 0.05) to suggest a causal association between driving and OSA.



3.2 Causal effect of OSA on LSB/PA

IVW analysis revealed a nominally significant association between OSA and MVPA (OR = 0.97, 95% CI = 0.94–0.99, p = 0.048). However, the MR-Egger method showed inconsistent directions (Supplementary Figure S1). Therefore, we used a more stringent genome-wide significance level (p < 3 × 10−8) while keeping the rest of the screening conditions unchanged. Re-performing the MR analysis after excluding rs142006783 (p = 4.8 × 10−8) showed that the previously observed significant association between OSA and MVPA disappeared (Figure 4). Additionally, the weighted median and MR-Egger methods remained in a consistent direction. This suggests that there is no causal association between OSA and MVPA. Furthermore, our analyses failed to reveal that OSA causally affects changes in TV watching, computer use, and VPA (Figure 4).
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FIGURE 4
 MR estimates results of causal effect of OSA on LSB/PA. OSA, obstructive sleep apnea; MVPA, self-reported moderate-to-vigorous physical activity; VPA, self-reported vigorous physical activity; IVW, inverse variance weighted; OR, odds ratios; 95%CI, 95% confidence interval.




3.3 Sensitivity analyses

In the forward MR analyses, all p-values from Cochran’s Q test were > 0.05, indicating no significant heterogeneity (Table 2). Similarly, no horizontal pleiotropy was detected between LSB/PA and OSA, as indicated by p-values > 0.05 for both the MR-Egger intercept test (Figure 5; Supplementary Figures S2, S3) and the MR-PRESSO global test (Table 2). Furthermore, the LOO analyses showed that no single SNP significantly influenced the results (Supplementary Figures S4–S8).



TABLE 2 Sensitivity analysis of the causal association between LSB, PA and the risk of OSA.
[image: Table showing analysis results with exposure variables like television watching, computer use, driving, moderate-to-vigorous physical activity, and vigorous physical activity. Outcomes measured include obstructive sleep apnea (OSA) interactions. Data columns include Cochran's Q test, MR-Egger intercept and p-values, and MR-PRESSO global test p-values. Various values are presented under each column, indicating statistical tests for each exposure and outcome pairing.]
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FIGURE 5
 Scatter plots for television watching on OSA (A), computer use on OSA (B), VPA on OSA (C). SNP, single-nucleotide polymorphisms; OSA, obstructive sleep apnea; IVW, inverse variance weighted; VPA, self-reported vigorous physical activity.


In the reverse MR analyses exploring the causal associations between OSA and computer use, driving, MVPA, and VPA, all p-values from the Cochran’s Q test, the MR-Egger intercept test (Supplementary Figures S9–S12), and the MR-PRESSO global test were > 0.05 (Table 2). This indicates no significant heterogeneity or horizontal pleiotropy in these analyses. However, the situation was different when investigating the effect of OSA on television watching. The Cochran’s Q test showed heterogeneity (p = 1.94 × 10−4), and the MR-PRESSO analyses showed that rs10928560 and rs4837016 were sources of bias (Supplementary Table S7). After removing these two SNPs, we re-performed MR analyses and sensitivity tests on the relationship between OSA and television watching (Figure 4; Table 2). Due to the reduction to only three remaining SNPs, conducting the MR-PRESSO test was not feasible. To solve this problem, we appropriately lowered the genome-wide significance threshold to p < 5 × 10−7, thereby expanding the number of available SNPs while keeping all other screening conditions constant (Supplementary Table S8). This strategy allowed us to include 8 SNPs for a complete sensitivity analysis. Re-analyses after removing outliers (Supplementary Table S9) similarly showed that OSA did not causally affect television watching (Supplementary Figure S13). In addition, all p-values for the Cochran’s Q test, MR-Egger intercept test (Supplementary Figures S14, S15), and MR-PRESSO global test were > 0.05, confirming no significant horizontal pleiotropy or heterogeneity in the analyses (Supplementary Table S10). Supplementary Figures S16–S21 display the LOO analyses.




4 Discussion

According to current knowledge, there is still no complete cure for OSA. Continuous positive airway pressure (CPAP) therapy is the most widely used clinical approach (4). However, low patient compliance rates significantly hamper the effectiveness of CPAP therapy. Furthermore, once CPAP therapy is discontinued, OSA symptoms rapidly recur (47). Despite the absence of a complete cure for OSA, adopting proactive preventive measures can mitigate the likelihood of its occurrence. Therefore, acquiring a more profound understanding of the risks and protective factors associated with OSA is imperative. Previous studies have identified several modifiable risk factors as critical targets for the prevention and treatment of OSA, including overall health rating, napping during the day, BMI, body fat mass, body water mass, hypertension, and education (27). Building on these findings, our study further explored the causal relationship between LSB/PA and OSA. We found that leisurely television watching and non-work-related computer use are risk factors for OSA, while VPA may be a protective factor. However, our findings do not support that driving and MVPA causally affect OSA risk.

The present study found that sedentary behavior increases the risk of OSA, aligning with findings from multiple prior observational studies (13–15). Unobstructed venous return is fundamental to maintaining good health. However, persistent sedentary behavior can impede venous return, accumulating fluid in the distal lower extremities’ intravascular and interstitial spaces (1). This accumulated fluid moves toward the neck when lying down to sleep at night, increasing upper airway resistance and contributing to the development of OSA (48). Additionally, a meta-analysis has indicated that sedentary behaviors contribute to obesity (49), which in turn increases the accumulation area and volume of fat deposits in the posterior wall of the maxilla, the pharynx, and the upper airways (50). During nighttime sleep, this accumulation can obstruct the upper respiratory tract, triggering OSA (50). Interestingly, among the three LSB phenotypes, we did not find significant evidence of causality between driving and OSA. The impact of different LSB on OSA risk may vary. In contrast to driving, watching television and using the computer are sedentary behaviors that involve screen exposure (SE-SB). The meta-analysis revealed that SE-SB is linked to an increased risk of depression (51). Depression is often accompanied by increased levels of pro-inflammatory cytokines, which can cause neurological damage and disrupt normal circadian rhythms, increasing the risk of OSA (52, 53). A recently published MR study confirmed the causal relationship between depression and OSA (54). Additionally, watching television and using the computer are more likely to occur later in the day, closer to bedtime. This behavior can lead to sleep deprivation and circadian misalignment, which in turn can exacerbate metabolic dysfunction and inflammation, ultimately influencing the occurrence of OSA (14).

Exercise is recognized as the second most effective treatment for OSA after CPAP (55). Although the mechanisms by which exercise improves OSA are not yet fully understood, several improvement pathways have been suggested. These include reduced fluid accumulation in the neck (56, 57), improved sleep quality (58), increased upper airway dilator muscle tension (59), and fat redistribution (3). It has also been suggested that different phenotypes of PA, such as exercise intensity, may affect OSA risk differently. The available studies have not reached consistent conclusions regarding the relationship between different PA intensities and OSA (16, 60, 61). Therefore, we conducted an MR analysis to evaluate the causal relationship. The results of this MR study suggest that the protective effect of PA against OSA is limited to VPA, while MVPA did not significantly reduce the risk of OSA. This finding indicates that light weight-bearing exercise and slow cycling may not significantly protect against OSA. It is important to recognize that previous studies have primarily used observational designs, which could not completely eliminate confounding factors or reverse causality interferences, potentially leading to different findings. Our analysis showed a causal relationship between VPA and OSA, which may be based on several mechanisms. Firstly, VPA improves slow-wave sleep quality by increasing slow-wave stability (62). Improving slow-wave sleep quality can lead to an improvement in OSA (59). Secondly, VPA can redistribute body fat, reducing the risk of OSA by decreasing fat accumulation around the neck and improving upper airway patency (63). Exercise is recognized as the second most effective treatment for OSA after CPAP (52). Although the mechanisms by which exercise improves OSA are not yet fully understood, several improvement pathways have been suggested. These include reduced fluid accumulation in the neck (53, 54), improved sleep quality (55), increased upper airway dilator muscle tension (56), and fat redistribution (3). It has also been suggested that different phenotypes of PA, such as exercise intensity, may affect OSA risk differently. The available studies have not reached consistent conclusions regarding the relationship between different PA intensities and OSA (13, 57, 58). Therefore, we conducted an MR analysis to evaluate the causal relationship. The results of this MR study suggest that the protective effect of PA against OSA is limited to VPA, while MVPA did not significantly reduce the risk of OSA. This finding indicates that light weight-bearing exercise and slow cycling may not significantly protect against OSA. It is important to recognize that previous studies have primarily used observational designs, which could not completely eliminate confounding factors or reverse causality interferences, potentially leading to different findings. Our analysis showed a causal relationship between VPA and OSA, which may be based on several mechanisms. Firstly, VPA improves slow-wave sleep quality by increasing slow-wave stability (59). Improving slow-wave sleep quality can lead to an improvement in OSA (56). Secondly, VPA can redistribute body fat, reducing the risk of OSA by decreasing fat accumulation around the neck and improving upper airway patency (60). Although both high-intensity interval training (HIIT) and moderate-intensity continuous training (MICT) are effective in reducing body fat (64), HIIT is more effective in promoting fat redistribution in specific populations, such as postmenopausal women (65). HIIT can reduce neck circumference, which may reflect a reduction in fat accumulation in this area, thereby improving upper airway patency. This may explain why the present study found that only VPA has a protective effect against OSA. Thirdly, VPA may improve OSA by enhancing lower limb muscle function and reducing leg fluid retention. A recent study indicates that HIIT significantly improves muscle mass and lower limb muscle function in sedentary individuals, whereas MICT does not yield the same effects (66). This suggests that only VPA may significantly enhance lower limb muscle function, thereby improving OSA. Consequently, the reduced transfer of fluid from the legs to the airway during sleep leads to the expansion of the upper airway. Finally, individuals who engage in VPA may be more likely to follow a healthier diet and be less sedentary for extended periods (67).

Although several studies have suggested that OSA may lead to a reduction in PA (19, 20), our findings indicate that only VPA causally reduces the risk of OSA. This suggests that the association between OSA and PA may be unidirectional, and previous observational studies may have produced false-positive results.

Our study has several significant advantages. Firstly, compared to traditional observational studies, we utilized a bidirectional two-sample MR analysis to minimize the effects of confounders and reverse causality, providing more reliable causality estimates. Secondly, we selected IVW as our primary analysis method due to its higher statistical power compared to other MR analysis methods. However, IVW is susceptible to horizontal pleiotropy. To address this issue, we used the MR-PRESSO global test and the MR-Egger intercept test to ensure that SNPs were free of potential pleiotropy and to guarantee the robustness of our analytical results. Additionally, we minimized the type I error probability by obtaining exposure and outcome data from different cohorts to avoid overlap between samples.

While our study offers new perspectives into the potential causal relationships between LSB/PA and the risk of OSA, we must acknowledge several limitations. Firstly, since all GWAS data were collected from participants with European ancestry, it is important to note that the findings of this study may not be directly generalizable to other ethnic populations. Genetic associations can vary across different populations due to differences in allele frequencies, environmental interactions, and socioeconomic factors. Therefore, further research involving diverse ethnic groups is essential for a more comprehensive understanding of the genetic underpinnings and their potential clinical implications. Secondly, although we investigated the potential causal relationship between LSB/PA and OSA risk, further research is needed to elucidate the underlying mechanisms. Thirdly, our study used a self-reported questionnaire to collect data on LSB and PA. While self-reported questionnaires are cost-effective and suitable for large-scale population-based studies, they are subject to information bias, such as recall bias and social desirability bias. These biases can affect the accuracy and reliability of the reported data (68). Despite these limitations, self-reported questionnaires can directly reflect respondents’ experiences and remain a widely used data collection instrument due to their practicality and relatively high reliability (69). However, future studies should consider incorporating objective measures, such as accelerometers, to obtain more accurate assessments of LSB and PA. Fourthly, although MR helps to reduce confounding and reverse causation, there is still a potential for pleiotropy, where genetic variants influence the outcome through pathways other than the exposure of interest. We employed several sensitivity analyses, including MR-Egger regression, MR-PRESSO, and LOO analysis, to detect and adjust for pleiotropic effects. Nevertheless, these methods may not entirely eliminate pleiotropic bias. Finally, due to the use of GWAS pooled data and the lack of individual measurement raw data, we could not conduct analyses for specific subgroups, such as age and gender. Further studies with access to individual-level data are needed to explore these subgroup-specific effects.



5 Conclusion

In conclusion, our findings suggest that leisurely watching television and computer use are risk factors for OSA, while VPA may be a protective factor. Additionally, OSA does not affect PA or LSB levels. We recommend reducing sedentary activities, particularly watching television and computer use, and prioritizing VPA to reduce the risk of OSA. However, given that our data are primarily from individuals of European ancestry, further research is needed in diverse populations and settings to validate these findings and understand their broader applicability.
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Aims: This study aims to assess the status and related factors among healthcare workers (HCWs) in designated quarantine-hospital-site (DQHS) based on the model of health ecology.
Methods: The cross-sectional study was conducted from April to May, 2022, which included 351 valid samples. We measured sleep quality using the Pittsburgh Sleep Quality Index, which encompasses seven dimensions: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction. Each dimension is scored individually, contributing to an overall sleep quality score. Factors associated with the sleep quality of HCWs in DQHS were divided into individual, behavioral, interpersonal and social dimensions. Hierarchical linear regressions were conducted to identify the potential factors associated with sleep quality among HCWs in DQHS.
Results: HCWs in DQHS had a statistically higher sleep quality than the Chinese national norm. HCWs who were female, afraid of Coronavirus disease, had more negative emotions, frequently worked overtime, were married, and had a higher income were more likely to experience worse sleep quality (p < 0.05), while those who worked between 51 and 70 h weekly, treated over 10 patients daily, and engaged in more health behaviors may have better sleep quality (p < 0.05).
Conclusion: This study revealed a worrying level of sleep quality among HCWs in DQHS. The government, hospital managers, and families should collaborate to ensure the sleep quality of HCWs in DQHS.
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 sleep quality; healthcare workers; designated quarantine hospital site; health ecological model; cross-sectional study


Introduction

Sleep is essential to human health, acting as a restorative neurobehavioral state (1). Studies have shown that subpar sleep quality is linked to serious health issues like cardiovascular disease (2), obesity (3), and mental health (4). While 9 to 45% of the general population experiences poor sleep (5), healthcare workers (HCWs) face it more often due to demanding schedules and shift work (6). This can impair their performance and increase errors, leading to emotional issues, daytime dysfunction, and higher absenteeism and turnover rates. Ultimately, this affects patient care, potentially resulting in dissatisfaction due to the reduced quality of service (7–9).

Since COVID-19’s onset, Chinese HCWs have significantly contributed to the country’s relatively low death rate (8.12 per 10,000 people) (10). Tasked with key roles in prevention and control, these workers face physical and mental fatigue due to an overburdened health system, insufficient protective gear, and a high risk of infection (11). Consequently, they are more prone to sleep disorders (12)—with research indicating that over half of frontline HCWs have experienced such issues (13, 14). Even after easing quarantine measures, about 41% of HCWs still reported sleep disorders (11). Therefore, addressing the factors impacting their sleep and enhancing sleep quality are critical concerns.

Previous studies have shown that sleep quality has a significant impact on health (15, 16), especially among HCWs (17, 18). Poorer sleep quality may lead to lower work productivity (19), more medical errors (20) and burnout (21) for HCWs. Research has identified that both personal (such as education and socio-economic status) (22, 23) and work-related factors (like job type and workload) (24) influence HCWs’ sleep quality. Recent studies also highlight the impact of personal emotions (25), fear of COVID-19 (26), isolation conditions (13), and health behaviors (27). Despite the extensive research on factors affecting HCWs’ sleep during the COVID-19 pandemic, there’s limited focus on those working in designated quarantine-hospital-sites (DQHS) post-pandemic. Addressing this gap is crucial for targeted interventions. Notably, there are many ways to measure sleep quality in empirical research, including scale measurements (such as the Pittsburgh Sleep Quality Index), sleep diaries, sleep activity recorders (such as electronic wristbands), and so on. The advantage of the scale is that it is easy to manage and can quickly collect a large amount of data, but there may be recall bias due to participants’ self-reports (28); A sleep diary can provide detailed sleep information, but it requires high cooperation and accurate recording from the subjects (29); while the sleep activity recorder is not affected by supervisor’s reports and can be continuously monitored for a long time, but it is costly and requires professional personnel to perform data analysis (30).

With COVID-19 more controlled, China’s easing of restrictions has not removed the threat entirely, as sporadic outbreaks persist. Specifically, after the large-scale control of the epidemic on December 11, 2021, China began implementing a “dynamic COVID-zero strategy” (31). To prevent a resurgence, special quarantine points have been established for isolation. HCWs at these Designated Quarantine Hospital Sites (DQHS) continue to treat and monitor infected individuals. Their extended on-site work with limited home visits means their sleep quality is a pressing concern. This study aims to explore the sleep quality status of the HCWs in DQHS and to identify their potential correlation based on the model of health ecology (HEM). The HEM has proven that personal attributes, family factors, and social support can affect an individual’s health (32). This model is based on an inside-out method and contains 5 dimensions (the theoretical framework is shown in Figure 1), including individual, behavioral, interpersonal, social and public policy dimension (33). Previous studies have proven the main advantage of the health ecology model lies in its comprehensiveness and multi-level perspective, which makes it a powerful tool for understanding and improving individual and group health behaviors (34, 35). Studies that have used HEM primarily concentrate on older individuals (36, 37) and patients (32, 38), with minimal focus on HCWs. Therefore, the HEM can also help us understand the complexity of sleep problems among healthcare workers from multiple perspectives and provide us with a structured approach to designing and implementing effective intervention strategies. There is limited literature studying healthcare workers’ sleep quality, especially those HCWs in DQHS. Our study aims to identify factors that affect their sleep quality and gather baseline data to inform effective health-promotion programs by local and national health authorities. Ultimately, we aim to spotlight the needs of DQHS HCWs to the public and provide a reference on enhancing sleep quality in future quarantine situations.

[image: Five overlapping ovals, each representing different dimensions. From smallest to largest: Individual (yellow), Behavioral (green), Interpersonal (blue), Social (purple), and Public Policy (orange).]

FIGURE 1
 Health ecological model.




Methods


Contexts and samples

To bolster the capabilities of COVID-19 treatment centers, Jiangsu Province’s Health Commission mandates that hospitals with robust overall capabilities, high-quality treatment, and a solid base for infection control be designated for COVID-19 care. In Nanjing, three such hospitals have been chosen, where HCWs and patients are kept in isolation—these are the DQHS. HCWs there have to remain on-site for extended periods to prevent carrying the virus outside and risking societal transmission, unlike their non-quarantined counterparts.

Given the similarity in scale, comprehensive strength, and number of HCWs among the three DQHSs in Jiangsu province, this study employed the random sampling principle to investigate all HCWs in a single hospital. In this DQHS, HCWs come from two tertiary hospitals and eight community hospitals, respectively. During the period from December 2021 to December 2022, China was implementing the policy of “dynamic COVID-zero strategy” for COVID-19. We conducted this cross-sectional study from April to May 2022. We informed all the participants on the title page of the questionnaire that the survey was anonymous and that the questionnaire would not include their personal or private information. All the questions were completed voluntarily by the respondents themselves. Participants in this study had the following inclusion criteria: (1) having worked or lived at DQHS for more than 1 month; (2) voluntarily participating in this survey; The exclusion criteria were: (1) non-HCWs (such as cleaners and cafeteria staff); (2) individuals who have been diagnosed with severe mental illness. We sent a total of 390 questionnaires and received 370 questionnaires. We have set an attention detection question in the online questionnaire (“Please choose the third option for this question”) to ensure that participants answer the questions carefully. In the final collected questionnaire, everyone passed the attention detection question. In addition, to ensure the data quality, we conducted a manual logic error-check inference and excluded 11 questionnaires because of consistent answers or large areas of blank answers. Therefore, there were 359 questionnaires included finally, with an effective rate of 97.03%.



Measures


The composition of HEM

According to the HEM theory and considering that it is challenging to quantify macro-systemic policy environment indicators, we only construct the theoretical framework (Table 1) of this study from four dimensions: individual, behavioral, interpersonal and social. We confirm the indicated variables in each dimension based on previous studies (32, 34, 36–40).



TABLE 1 Variables related to sleep quality among HCWs.
[image: Table showing four dimensions with corresponding variables. Individual dimension: sex, age, coronavirus disease fear, positive emotions, negative emotions. Behavioral dimension: average working hours per week, patients treated per day, work overtime, health behavior score. Interpersonal dimension: marital status, perceived social support. Social dimension: education level, income, classification of occupations, job title.]

(1) The individual dimension included five indicators (sex, age, coronavirus disease fear, positive emotions and negative emotions). Coronavirus disease fear was measured by the fear of the COVID-19 scale (FCV-19), which was developed by Ahorsu et al. (41). The scale has 7 items, and the higher the FCV-19 score of the respondents means the respondent has higher level of Coronavirus disease fear. The Cronbach α of FCV-19 in this study was 0.910. The Positive and Negative Affect Schedule (PANAS) (42) assessed both positive and negative emotions. PANAS contains of 20 questions, with 10 questions measuring positive emotions and 10 questions measuring negative emotions. In this study, the Cronbach α of PANAS was 0.909. (2) The behavioral dimension consisted of four indicators (average working hours per week, patients treated per day, work overtime and health behavior). Average working hours per week, patients treated per day, and work overtime were grouped into 3 classes (≤50 h, 51 h ~ 70 h, and ≥ 71 h; 0–10, 11–30, and ≥ 31; never, sometimes, and frequently), respectively, Health behavior was assessed by the Chinese version of the Health-Promoting Lifestyle Profile (HPLP-C) (43). The HPLP-C is comprised of 6 parts (self-realization, health responsibility, physical activity, nutrition, interpersonal relations, and stress management), for a total of 42 items. In this study, we use the total score to represent the health behaviors. The HPLP-C score ranges from 42 to 168, and a higher score indicates better health behaviors. The Cronbach α of HPLP-C in this study was 0.977.

(3) The interpersonal dimension included two indicators (marital status and perceived social support). Marital status was divided into two groups (married and not married), while perceived social support was measured by a multidimensional scale of perceived social support (MSPSS) (44). MSPSS was used to measure the degree of support that the individual perceives from various sources of social support inside and outside the family. The total score of MSPSS reflects the level of overall social support that the individual perceived. The MSPSS has 12 items and uses a 7-level scoring system with a score range of 12–84. The Cronbach α of MSPSS in this study was 0.968.

(4) The social dimension included four indicators (education level, income, classification of occupations, and job title). Education level, income, classification of occupations and job title were all grouped into 3 categories (< college, college, and > post-graduate; ≤60,000 Chinese Yuan, 60,001 ~ 120,000 Chinese Yuan, and ≥ 120,001 Chinese Yuan; clinical medicine, nursing, and others).



The measurement of sleep quality

We adopted the Pittsburgh Sleep Quality Index (PSQI) to measure the sleep quality of HCWs in DQHS (28). The PSQI has 19 items that contain 7 dimensions (subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, use of sleeping medication, and daytime dysfunction). Subjective sleep quality reflects an individual’s overall satisfaction with sleep; sleep latency indicates the duration from getting into bed to the onset of sleep; sleep duration measures the total length of night-time sleep; habitual sleep efficiency represents the ratio of actual sleep time to total time in bed, reflecting sleep continuity; sleep disturbances assess the frequency of nocturnal awakenings and related symptoms; use of sleep medications indicates the degree of dependence on pharmacological aids; and daytime dysfunction evaluates the limitations in daily activities due to sleep issues. Together, these dimensions provide a comprehensive, multifaceted evaluation of sleep quality. Many scholars have proved the great reliability and validity of the PSQI (45, 46). The higher score on PSQI represents poorer sleep quality. The Cronbach α of PSQI in this study was 0.851.




Statistical analysis

All analyses were performed in Statistical Package for the Social Sciences (SPSS) version 26.0 for Windows (SPSS Inc., Chicago, IL, United States), with a significance level of 0.05 (two-tailed).

Categorical variables in the study were described using frequency and proportion, and continuous variables by mean and standard deviation (SD). We calculated the sleep quality score for each categorical group using the mean ± SD and employed Pearson correlation to assess the relationships between sleep quality and continuous variables. Moreover, the average scores of all dimensions of the PSQI were compared with the Chinese national norm (47) through t-tests. We explored unadjusted associations between demographic features and total PSQI score using t/F tests or Pearson correlation. Lastly, we used hierarchical linear regression analysis to model factors related to HCWs’ sleep quality. In each model (1–4), we added variables related to HEM dimensions. We assessed collinearity, and the results showed tolerance values ranging from 0.361 to 0.901 (all above 0.1) and VIF values from 1.110 to 2.771 (all below 5), indicating no issues with collinearity among the variables.



Ethical statement

The Institutional Review Board of Nanjing Lishui District Hospital of Traditional Chinese Medicine approved this research (2022LCGC001), and all methods were conducted in accordance with the relevant guidelines and regulations. All questionnaires had consent information, which informed participants that the survey was optional and data would be collected only for statistical analysis. After consenting to this information, all of the participants completed the questionnaires voluntarily.




Results


The distribution of demographic characteristics and sleep quality scores of the samples

Table 2 displays the demographic characteristics of the samples. Among the samples, 68.25% were female and the average values of age, coronavirus disease fear, positive emotions, negative emotions, healthy behaviors, and perceived social support were 30.69, 17.56, 29.90, 22.28, 117.66, and 63.03, respectively. Most HCWs (78.83%) worked less than 50 h and below weekly, and most of them (39.00%) treated less than 10 patients daily. Nearly 80% of the HCWs have worked overtime. Over half of them were married, and most of them received college degrees. In our study, 65.46% of HCWs earned between 60,001 and 120,000 Chinese Yuan, and 57.66% of the individuals work as nurses, with 61.28% holding an elementary and below job title.



TABLE 2 Demographic characteristics and scores of sleep quality among the study samples.
[image: A detailed table presents variables across individual, behavioral, interpersonal, and social layers with categories like sex, age, emotions, working hours, marital status, and education. It includes numerical and percentage data along with mean, standard deviation, correlation, and p-values. Statistical methods used are t-test and Pearson correlation.]

In this study, the results also showed the statistical significance between sleep quality and sex, coronavirus disease fear, positive emotions, negative emotions, working overtime, healthy behaviors, perceived social support, educational level, and occupation (p < 0.05).



Comparison of HCWs’ sleep quality with the national norm

Table 3 records the scores of sleep quality among HCWs at DQHS. It reveals that all seven dimensions (subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, use of sleeping medication, and daytime dysfunction) for HCWs in DQHS are significantly higher than the Chinese national norm. The total score for HCWs in DQHS was 6.77 ± 3.32.



TABLE 3 Assessment results of each dimension of PSQI.
[image: Table comparing sleep dimensions between the reference range of China and study participants, showing means, standard deviations, t-values, and p-values. All p-values are significant at less than 0.05, indicating differences in sleep metrics such as quality, latency, efficiency, and total score.]



Hierarchical linear regression analysis on the sleep quality of HCWs in DQHS

We selected sleep quality as the dependent variable and, step by step, used the variables of individual, behavioral, interpersonal and social dimensions according to the HEM (model 1 to model 4). In the final model (model 4), we found that HCWs in DQHS who were female (β = 1.220, p = 0.007), had a higher level of coronavirus disease fear (β = 0.114, p < 0.001), had negative emotions (β = 0.084, p < 0.001), frequently worked overtime (β = 1.182, p < 0.001), were married (β = 1.154, p = 0.006), and had a monthly income over 120,000 (β = 1.523, p = 0.016) received poorer sleep quality. While those HCWs who worked hours between 51 and 70 h (β = −1.008, p = 0.032), treated patients between 11 and 30 (β = −1.026, p = 0.007) and over 30 (β = −1.183, p = 0.006), engaged in more health behaviors (β = −0.022, p = 0.031), had better sleep quality (Table 4).



TABLE 4 The association between demographic characteristics and the total score of PSQI among medical staff.
[image: A table presents the results of a hierarchical linear regression analysis across four models, examining variables within individual, behavioral, interpersonal, and social layers. Variables include sex, age, coronavirus disease fear, emotions, working hours, patients treated per day, overtime, health behavior score, marital status, social support, education, income, occupation, and job title. Each variable's beta (β) and p-values are displayed for Models 1 to 4. R-squared values for the models are 0.206, 0.268, 0.295, and 0.315, respectively.]




Discussion

To our knowledge, this is the first study focusing on the sleep quality of HCWs in the DQHS, especially during the implementation of “dynamic COVID-zero strategy” in China. In this cross-sectional study, we found that the total sleep quality and seven dimensions of PSQI among HCWs in the DQHS were utterly different from the Chinese national norm. Specifically, HCWs in the DQHS were more likely to suffer from conditions of low subjective sleep quality, prolonged sleep latency, less sleep duration, low habitual sleep efficiency, sleep disturbance, frequent use of sleeping medication and daytime dysfunction, because the scores of these seven dimensions were statistical significantly higher than the Chinese national norm. According to Ahrberg et al. (48), the total score of PSQI above 5 is a reliable and validated indicator for clinically relevant pathological sleep. Thus, the results (6.77 ± 3.32 > 5) of our study indicated worrying circumstances with regard to the sleep quality and symptoms of sleep-related factors among HCWs in the DQHS. We speculate that the unique environment and job responsibilities of HCWs in the DQHS, which include frequent emergencies, high work intensity, and mental stress from COVID-19 fears, may contribute to their sleep issues. Several systematic reviews and meta-analysis (49–51) have suggested that prolonged lockdown and quarantine can cause anxiety, depression, irritability, and other psychological disturbances, which are known to disrupt sleep (52). The study underscores the need for increased attention from both government bodies and hospital management to the sleep health of DQHS HCWs to mitigate the risks associated with their challenging work conditions.

In line with previous studies, females were more likely to experience poor sleep quality than males (51, 52). Understandably, females were more susceptible to negative information than males, increasing anxiety and leading to a decrease in sleep quality (53). Even doctors may be afraid of the sudden COVID-19 pandemic, due to its strong infectivity (54). In this study, fear of coronavirus disease made HCWs more likely to suffer from bad sleep quality. Research has proven that fear of Coronavirus disease will cause anxiety, depression, and stress in HCWs (55, 56), which may lead to poor sleep quality. Moreover, our study also found that HCWs with more negative emotions may experience poorer sleep quality, consistent with Pérez-Fuentes et al.’s study (57). Considering that emotions can spread interpersonally (58), it is urgent to pay attention to the emotional changes of HCWs in the DQHS.

Our study presents an unexpected finding: HCWs in DQHS who averaged 51–70 working hours per week and treated more patients daily enjoyed better sleep quality compared to those working fewer than 50 h and treating less than 10 patients daily. Typically, there is a negative correlation between work hours and sleep quality (59, 60), and seeing more patients also means an extension of working hours. We hypothesise that those with longer hours may have adapted to the demanding rhythm, thus establishing a stable physiological routine due to the necessity of staying on-site at isolation facilities. Alternatively, the exhaustion from an overload of work could paradoxically enhance sleep quality during limited rest periods. However, these findings could be subject to ecological fallacies, and further investigation with a larger sample size is required for validation. In agreement with previous studies (61, 62), HCW in the DQHS working overtime frequently had poorer sleep quality. Our study also confirms that good sleep quality appears to be dependent on healthy behaviors, similar to other studies (27, 63). Thus, it is suggested to encourage HCWs in the DQHS to arrange working hours and conduct more health behaviors reasonably. For example, DOHS can provide HCWs with fitness equipment, nutritious food, and so on.

Research indicates a positive link between robust social networks and good sleep quality (64, 65). In our study, married HCWs in the DQHS were more inclined to suffer from poorer sleep quality than single ones. This could stem from worry over potentially infecting their families (66), or from the struggle to balance work and family obligations, leading to stress and sleep disturbances (23). It is noted that there was no significant difference between perceived social support and sleep quality among HCWs in the DQHS in our study. We speculate that the isolating environment and demanding workloads might diminish the beneficial impact of social support on sleep (67, 68). Given these findings, enhancing welfare benefits for HCWs in DQHS is crucial to alleviate family-related concerns and bolster social support.

Existing research has found that lower socioeconomic status is negatively correlated with poorer sleep quality (69), education level is more positively correlated with sleep quality (70), and job titles are positively correlated with sleep quality (71). However, in our study, we only found that HCWs in the DQHS with higher incomes had worse sleep quality than those with incomes lower than 60,000. In general, HCWs with higher incomes have a higher chance of treating more severe patients and would be asked to address more serious problems. These may trigger higher pressure for them, which may lead to worse sleep quality. Therefore, the hospital managers should pay more attention to HCWs in the DQHS with higher incomes.

Our study’s findings may have some implications for health department administrators, hospital managers, and researchers conducting policy-making and interventions for those HCWs in the DQHS. Although COVID-19 has basically been controlled, these implications can also offer experience for staff in quarantine sites, such as HCWs in prison (72), HCWs in psychiatric hospitals (73), etc. Firstly, the government needs to establish an emergency service system to ensure the circulation of various resources at isolation points; Secondly, hospital managers should prepare contingency plans, especially psychological interventions for those HCWs, to prevent the spread of negative emotions; Thirdly, third-party resources can be introduced to support those HCWs; Fourthly, strengthen the psychological crisis intervention training for medical personnel and closely monitor their sleep quality.

Given the limited literature in China focusing on the sleep quality of HCWs in the DQHS, only a few studies could be referred to. It is noted that there are several limitations to this study. First, it is a cross-sectional study, which means the causal relationship between variables and the sleep quality of HCWs in the DQHS can not be inferred. This study only displayed the current status of this special population. Second, this study used a self-reported questionnaire, leading to a certain recall bias. Third, our investigation was limited to samples from a single DQHS in Nanjing. The representativeness of samples is limited. Therefore, more sample size and longitudinal or experimental designs should be further conducted. Fourth, our study has not collected balanced sample distribution data, which may lead to a lack of generalizability and interpretation of research findings. Future studies will be needed to solve the problem of an unbalanced sample distribution. Fifth, in this study, we only included the first four dimensions and did not address the public policy dimension due to its complexity (the difficulty in quantifying macro system policy environment indicators) and diversity. Further exploration of the impact of the public policy dimension on health can be conducted as resources permit. Sixth, according to the theory of health ecology (33), it originated from ecological and social ecological models, so it does indeed have a nested structure. Therefore, future research may consider using Hierarchical Linear Modeling (HLM) to further discover nested effects that affect the sleep quality of HCWs in sufficiently large sample sizes.



Conclusion

As far as we know, this study is the first study focusing on the sleep quality status and its related factors of HCWs in the DQHS based on HEM during the implementation of dynamic COVID-zero strategy in China. This study demonstrated that the sleep quality of HCWs in the DQHS was statistically higher than the Chinese national norm. The study also showed that sex, fear of coronavirus disease, negative emotions, average working hours per week, patients treated per day, working overtime, health behaviors, marital status, income were the potential predictors of sleep quality among HCWs in the DQHS. Joint efforts (both health resource and social support) from the government, hospital managers, families, should be taken to assure the sleep quality of HCWs in the DQHS.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by The Institutional Review Board of Nanjing Lishui District Hospital of Traditional Chinese Medicine approved this research (2022LCGC001), and all methods were conducted in accordance with the relevant guidelines and regulations. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

HZ: Data curation, Formal analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing. LS: Conceptualization, Data curation, Formal analysis, Writing – original draft, Writing – review & editing. HT: Data curation, Formal analysis, Investigation, Methodology, Writing – review & editing. JZ: Data curation, Formal analysis, Investigation, Methodology, Writing – review & editing. QZ: Data curation, Formal analysis, Writing – original draft, Writing – review & editing. DJ: Conceptualization, Data curation, Supervision, Validation, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Buysse, DJ
. Sleep health: can we define it? Does it matter? Sleep. (2014) 37:9–17. doi: 10.5665/sleep.3298 
	 2. Cespedes Feliciano, EM, Quante, M, Rifas-Shiman, SL, Redline, S, Oken, E, and Taveras, EM. Objective sleep characteristics and Cardiometabolic health in young adolescents. Pediatrics. (2018) 142:e20174085. doi: 10.1542/peds.2017-4085 
	 3. Meurling, IJ, Shea, DO, and Garvey, JF. Obesity and sleep: a growing concern. Curr Opin Pulm Med. (2019) 25:602–8. doi: 10.1097/MCP.0000000000000627

	 4. Hosker, DK, Elkins, RM, and Potter, MP. Promoting mental health and wellness in youth through physical activity, nutrition, and sleep. Child Adolesc Psychiatr Clin N Am. (2019) 28:171–93. doi: 10.1016/j.chc.2018.11.010

	 5. Madrid-Valero, JJ, Martínez-Selva, JM, Ribeiro do Couto, B, Sánchez-Romera, JF, and Ordoñana, JR. Age and gender effects on the prevalence of poor sleep quality in the adult population. Gac Sanit. (2017) 31:18–22. doi: 10.1016/j.gaceta.2016.05.013

	 6. Qiu, D, Yu, Y, Li, R-Q, Li, Y-L, and Xiao, S-Y. Prevalence of sleep disturbances in Chinese healthcare professionals: a systematic review and meta-analysis. Sleep Med. (2020) 67:258–66. doi: 10.1016/j.sleep.2019.01.047 
	 7. Sun, Y, Wang, H, Jin, T, Qiu, F, and Wang, X. Prevalence of sleep problems among Chinese medical students: a systematic review and Meta-analysis. Front Psych. (2022) 13:753419. doi: 10.3389/fpsyt.2022.753419 
	 8. Jaradat, R, Lahlouh, A, and Mustafa, M. Sleep quality and health related problems of shift work among resident physicians: a cross-sectional study. Sleep Med. (2020) 66:201–6. doi: 10.1016/j.sleep.2019.11.1258 
	 9. Zhao, X, Zhang, T, Li, B, Yu, X, Ma, Z, Cao, L , et al. Job-related factors associated with changes in sleep quality among healthcare workers screening for 2019 novel coronavirus infection: a longitudinal study. Sleep Med. (2020) 75:21–6. doi: 10.1016/j.sleep.2020.07.027 
	 10. World Health Organization
. WHO Coronavirus (COVID-19) Dashboard. Available at: https://covid19.who.int (Accessed February 26, 2023).

	 11. Zhan, J, Yang, K, Sun, Z, Bai, L, Lu, X, Wang, X , et al. The sleep quality of the frontline healthcare workers and the improving effect of tai chi. Front Psych. (2022) 13:883590. doi: 10.3389/fpsyt.2022.883590 
	 12. Liu, H, Liu, J, Chen, M, Tan, X, Zheng, T, Kang, Z , et al. Sleep problems of healthcare workers in tertiary hospital and influencing factors identified through a multilevel analysis: a cross-sectional study in China. BMJ Open. (2019) 9:e032239. doi: 10.1136/bmjopen-2019-032239 
	 13. Zhang, C, Yang, L, Liu, S, Ma, S, Wang, Y, Cai, Z , et al. Survey of insomnia and related social psychological factors among medical staff involved in the 2019 novel coronavirus disease outbreak. Front Psych. (2020) 11:306. doi: 10.3389/fpsyt.2020.00306 
	 14. Jahrami, H, BaHammam, AS, AlGahtani, H, Ebrahim, A, Faris, M, AlEid, K , et al. The examination of sleep quality for frontline healthcare workers during the outbreak of COVID-19. Sleep Breath. (2021) 25:503–11. doi: 10.1007/s11325-020-02135-9 
	 15. Coxon, C, Nishihira, J, and Hepsomali, P. Dietary inflammatory index, sleep duration, and sleep quality: a systematic review. Nutrients. (2024) 16:890. doi: 10.3390/nu16060890 
	 16. Birrer, V, Elgendi, M, Lambercy, O, and Menon, C. Evaluating reliability in wearable devices for sleep staging. NPJ Digit Med. (2024) 7:74. doi: 10.1038/s41746-024-01016-9 
	 17. Mei, Q, Li, W, Feng, H, Zhang, J, Li, J, Yin, J , et al. Chinese hospital staff in anxiety and depression: not only comfort patients but also should be comforted - a nationwide cross-sectional study. J Affect Disord. (2024) 360:126–36. doi: 10.1016/j.jad.2024.05.143 
	 18. Du, J, Li, J, Liang, H, Wang, F, Lin, Y, and Shao, B. State of mental health, sleep status, and the interaction with health-related quality of life in HIV-infected Chinese patients during the COVID-19 pandemic. BMC Public Health. (2024) 24:1445. doi: 10.1186/s12889-024-18929-5 
	 19. Dubreuil, M, Navarro-Compán, V, Boonen, A, Gaffney, K, Gensler, LS, de la Loge, C , et al. Improved physical functioning, sleep, work productivity and overall health-related quality of life with bimekizumab in patients with axial spondyloarthritis: results from two phase 3 studies. RMD Open. (2024) 10:e004202. doi: 10.1136/rmdopen-2024-004202 
	 20. Nagasaki, K, Kobayashi, H, Nishizaki, Y, Kurihara, M, Watari, T, Shimizu, T , et al. Association of sleep quality with duty hours, mental health, and medical errors among Japanese postgraduate residents: a cross-sectional study. Sci Rep. (2024) 14:1481. doi: 10.1038/s41598-024-51353-8 
	 21. Yu, Q, Huang, C, Tian, Y, Yang, J, Li, X, Ning, M , et al. Factors associated with clinical nurse’s mental health: a qualitative study applying the social ecological model. BMC Nurs. (2024) 23:330. doi: 10.1186/s12912-024-02005-9 
	 22. Jiang, F, Xiao, Y, Dong, H, Liu, S, Guo, F, Gong, Z , et al. Sleep quality in medical staffs during the outbreak of coronavirus disease 2019 in China: a web-based cross-sectional study. Front Psych. (2021) 12:630330. doi: 10.3389/fpsyt.2021.630330 
	 23. Liu, C-Y, Yang, Y-Z, Zhang, X-M, Xu, X, Dou, Q-L, Zhang, W-W , et al. The prevalence and influencing factors in anxiety in medical workers fighting COVID-19 in China: a cross-sectional survey. Epidemiol Infect. (2020) 148:e98. doi: 10.1017/S0950268820001107 
	 24. Lai, J, Ma, S, Wang, Y, Cai, Z, Hu, J, Wei, N , et al. Factors associated with mental health outcomes among health care workers exposed to coronavirus disease 2019. JAMA Netw Open. (2020) 3:e203976. doi: 10.1001/jamanetworkopen.2020.3976 
	 25. Machado, L, Souza, CTN d, Nunes, R d O, de Santana, CN, Araujo, CF d, and Cantilino, A. Subjective well-being, religiosity and anxiety: a cross-sectional study applied to a sample of Brazilian medical students. Trends Psychiatry Psychother. (2018) 40:185–92. doi: 10.1590/2237-6089-2017-0070 
	 26. Jacob, G, Thomas, DC, Jo, S, Mathew, B, and Reshmi, A. The influence of stress in modulating the relationship between coronavirus Disease-2019 disease and sleep quality. J Pharm Bioallied Sci. (2022) 14:S415–9. doi: 10.4103/jpbs.jpbs_738_21 
	 27. Fusz, K, Kívés, Z, Pakai, A, Kutfej, N, Deák, A, and Oláh, A. Health behavior, sleep quality and subjective health status among Hungarian nurses working varying shifts. Work. (2021) 68:171–80. doi: 10.3233/WOR-203366 
	 28. Buysse, DJ, Reynolds, CF, Monk, TH, Berman, SR, and Kupfer, DJ. The Pittsburgh sleep quality index: a new instrument for psychiatric practice and research. Psychiatry Res. (1989) 28:193–213. doi: 10.1016/0165-1781(89)90047-4 
	 29. Oh, SY, Meaklim, H, Nicholas, CL, Cunnington, D, Schenker, M, Patrick, CJ , et al. Perfect enough to sleep? Perfectionism and Actigraphy-determined markers of insomnia. Behav Sleep Med. (2024):1–16. doi: 10.1080/15402002.2024.2355476 
	 30. Ancoli-Israel, S, Cole, R, Alessi, C, Chambers, M, Moorcroft, W, and Pollak, CP. The role of actigraphy in the study of sleep and circadian rhythms. Sleep. (2003) 26:342–92. doi: 10.1093/sleep/26.3.342 
	 31. Liu, J, Liu, M, and Liang, W. The dynamic COVID-zero strategy in China. China CDC Weekly. (2022) 4:74–5. doi: 10.46234/ccdcw2022.015 
	 32. Zhao, Y, Li, Y, and Zhao, J. A qualitative study of the reasons for delayed medical treatment in adolescents with depression based on the health ecology model. Front Public Health. (2023) 11:1124397. doi: 10.3389/fpubh.2023.1124397 
	 33. Sallis, J, Owen, N, and Fisher, E. Ecological models of health behavior In: Health behavior and health education: Theory, research, and practice. San Francisco: Jossey-Bass (2008)

	 34. Richard, L, Gauvin, L, and Raine, K. Ecological models revisited: their uses and evolution in health promotion over two decades. Annu Rev Public Health. (2011) 32:307–26. doi: 10.1146/annurev-publhealth-031210-101141 
	 35. Wang, B, Janamnuaysook, R, MacDonell, K, Rongkavilit, C, Schieber, E, Naar, S , et al. Adapting effective mHealth interventions to improve uptake and adherence to HIV pre-exposure prophylaxis among Thai young men who have sex with men: protocol for a randomized controlled trial. JMIR Res Protoc. (2023) 12:e46435. doi: 10.2196/46435 
	 36. Liang, H, Zheng, J, and Sun, Y. Prevalence and risk factors associated with circadian syndrome in community-dwelling middle-aged to older adults: based on health ecology model. Sleep Med. (2024) 119:210–3. doi: 10.1016/j.sleep.2024.04.039 
	 37. Hou, D, Sun, Y, Liu, Z, Sun, H, Li, Y, and Wang, R. A longitudinal study of factors associated with cognitive frailty in middle-aged and elderly population based on the health ecology model. J Affect Disord. (2024) 352:410–8. doi: 10.1016/j.jad.2024.02.014 
	 38. Guo, L, Zhang, M, Namassevayam, G, Wei, M, Zhang, G, He, Y , et al. Effectiveness of health management among individuals at high risk of stroke: an intervention study based on the health ecology model and self-determination theory (HEM-SDT). Heliyon. (2023) 9:e21301. doi: 10.1016/j.heliyon.2023.e21301

	 39. Chang, H, Huang, Y, and Liu, X. Loneliness status and related factors among the Hakka elderly in Fujian, China: based on the health ecological model. J Environ Public Health. (2022) 2022:e2633297:1–9. doi: 10.1155/2022/2633297 
	 40. Lu, Y, Qi, Y, Du, J, Liu, Y, Dong, S, Ge, H , et al. Classification of high-risk depressed mood groups in cancer patients based on health ecology model. J Affect Disord. (2024) 347:327–34. doi: 10.1016/j.jad.2023.11.061 
	 41. Ahorsu, DK, Lin, C-Y, Imani, V, Saffari, M, Griffiths, MD, and Pakpour, AH. The fear of COVID-19 scale: development and initial validation. Int J Ment Health Addict. (2022) 20:1537–45. doi: 10.1007/s11469-020-00270-8 
	 42. Watson, D, Clark, LA, and Tellegen, A. Development and validation of brief measures of positive and negative affect: the PANAS scales. J Pers Soc Psychol. (1988) 54:1063–70. doi: 10.1037//0022-3514.54.6.1063 
	 43. Huang, YH, and Chiou, CJ. Assessment of the health-promoting lifestyle profile on reliability and validity. Kaohsiung J Med Sci. (1996) 12:529–37.
	 44. Zimet, GD, Powell, SS, Farley, GK, Werkman, S, and Berkoff, KA. Psychometric characteristics of the multidimensional scale of perceived social support. J Pers Assess. (1990) 55:610–7. doi: 10.1080/00223891.1990.9674095

	 45. Yuan, Y, Heizhati, M, Wang, L, Li, M, Lin, M, Gan, L , et al. Poor sleep quality is associated with new-onset hypertension in a diverse young and middle-aged population. Sleep Med. (2021) 88:189–96. doi: 10.1016/j.sleep.2021.10.021 
	 46. Wang, L, Wu, Y-X, Lin, Y-Q, Wang, L, Zeng, Z-N, Xie, X-L , et al. Reliability and validity of the Pittsburgh sleep quality index among frontline COVID-19 health care workers using classical test theory and item response theory. J Clin Sleep Med. (2022) 18:541–51. doi: 10.5664/jcsm.9658 
	 47. Liu, X, Tang, M, Hu, L, Wang, A, Wu, H, Zhao, G , et al. Reliability and validity of Pittsburgh sleep quality index. Chin J Psychiatry. (1996) 29:103–7.

	 48. Ahrberg, K, Dresler, M, Niedermaier, S, Steiger, A, and Genzel, L. The interaction between sleep quality and academic performance. J Psychiatr Res. (2012) 46:1618–22. doi: 10.1016/j.jpsychires.2012.09.008

	 49. Tran, QD, Vu, TQC, and Phan, NQ. Depression prevalence in Vietnam during the Covid-19 pandemic: a systematic review and meta-analysis. Ethics Med Public Health. (2022) 23:100806. doi: 10.1016/j.jemep.2022.100806 
	 50. Panda, PK, Gupta, J, Chowdhury, SR, Kumar, R, Meena, AK, Madaan, P , et al. Psychological and behavioral impact of lockdown and quarantine measures for COVID-19 pandemic on children, adolescents and caregivers: a systematic review and Meta-analysis. J Trop Pediatr. (2021) 67:fmaa122. doi: 10.1093/tropej/fmaa122 
	 51. De Sio, S, Buomprisco, G, La Torre, G, Lapteva, E, Perri, R, Greco, E , et al. The impact of COVID-19 on doctors’ well-being: results of a web survey during the lockdown in Italy. Eur Rev Med Pharmacol Sci. (2020) 24:7869–79. doi: 10.26355/eurrev_202007_22292 
	 52. Okechukwu, CE, Griffiths, MD, Carta, MG, Nwobodo, E, Shariful Islam, SM, Forbes, M , et al. Biological and practical considerations regarding circadian rhythm and mental health relationships among nurses working night shifts: a narrative review and recommendations. Riv Psichiatr. (2022) 57:67–79. doi: 10.1708/3790.37738 
	 53. Cheng, P, Xia, G, Pang, P, Wu, B, Jiang, W, Li, Y-T , et al. COVID-19 epidemic peer support and crisis intervention via social media. Community Ment Health J. (2020) 56:786–92. doi: 10.1007/s10597-020-00624-5 
	 54. Ran, L, Chen, X, Wang, Y, Wu, W, Zhang, L, and Tan, X. Risk factors of healthcare workers with coronavirus disease 2019: a retrospective cohort study in a designated Hospital of Wuhan in China. Clin Infect Dis. (2020) 71:2218–21. doi: 10.1093/cid/ciaa287 
	 55. Alnazly, E, Khraisat, OM, Al-Bashaireh, AM, and Bryant, CL. Anxiety, depression, stress, fear and social support during COVID-19 pandemic among Jordanian healthcare workers. PLoS One. (2021) 16:e0247679. doi: 10.1371/journal.pone.0247679 
	 56. Labrague, LJ, and de Los Santos, JAA. Fear of COVID-19, psychological distress, work satisfaction and turnover intention among frontline nurses. J Nurs Manag. (2021) 29:395–403. doi: 10.1111/jonm.13168 
	 57. Pérez-Fuentes, MDC, Molero Jurado, MDM, Simón Márquez, MDM, Barragán Martín, AB, and Gázquez Linares, JJ. Emotional effects of the duration, efficiency, and subjective quality of sleep in healthcare personnel. Int J Environ Res Public Health. (2019) 16:3512. doi: 10.3390/ijerph16193512 
	 58. Kramer, ADI, Guillory, JE, and Hancock, JT. Experimental evidence of massive-scale emotional contagion through social networks. Proc Natl Acad Sci USA. (2014) 111:8788–90. doi: 10.1073/pnas.1320040111 
	 59. Scharf, VF, McPhetridge, JB, and Dickson, R. Sleep patterns, fatigue, and working hours among veterinary house officers: a cross-sectional survey study. J Am Vet Med Assoc. (2022) 260:1377–85. doi: 10.2460/javma.21.05.0234 
	 60. Caruso, CC
. Negative impacts of shiftwork and long work hours. Rehabil Nurs. (2014) 39:16–25. doi: 10.1002/rnj.107 
	 61. Tawfik, DS, Profit, J, Morgenthaler, TI, Satele, DV, Sinsky, CA, Dyrbye, LN , et al. Physician burnout, well-being, and work unit safety grades in relationship to reported medical errors. Mayo Clin Proc. (2018) 93:1571–80. doi: 10.1016/j.mayocp.2018.05.014 
	 62. Zhou, Y, Ding, H, Zhang, Y, Zhang, B, Guo, Y, Cheung, T , et al. Prevalence of poor psychiatric status and sleep quality among frontline healthcare workers during and after the COVID-19 outbreak: a longitudinal study. Transl Psychiatry. (2021) 11:223. doi: 10.1038/s41398-020-01190-w 
	 63. Abdelaziz, EM, Elsharkawy, NB, and Mohamed, SM. Health promoting lifestyle behaviors and sleep quality among Saudi postmenopausal women. Front Public Health. (2022) 10:859819. doi: 10.3389/fpubh.2022.859819 
	 64. Blaxton, JM, Bergeman, CS, Whitehead, BR, Braun, ME, and Payne, JD. Relationships among nightly sleep quality, daily stress, and daily affect. J Gerontol B Psychol Sci Soc Sci. (2017) 72:gbv060–372. doi: 10.1093/geronb/gbv060 
	 65. Yılmaz, M, Kıraç, Y, and Sahin, MK. Sleep quality and related factors in a sample of Turkish healthcare workers during the COVID-19 pandemic: a cross-sectional study. Int J Clin Pract. (2021) 75:e14813. doi: 10.1111/ijcp.14813 
	 66. Lee, SM, Kang, WS, Cho, A-R, Kim, T, and Park, JK. Psychological impact of the 2015 MERS outbreak on hospital workers and quarantined hemodialysis patients. Compr Psychiatry. (2018) 87:123–7. doi: 10.1016/j.comppsych.2018.10.003 
	 67. Chen, Q, Liang, M, Li, Y, Guo, J, Fei, D, Wang, L , et al. Mental health care for medical staff in China during the COVID-19 outbreak. Lancet Psychiatry. (2020) 7:e15–6. doi: 10.1016/S2215-0366(20)30078-X 
	 68. Xiao, H, Zhang, Y, Kong, D, Li, S, and Yang, N. Social capital and sleep quality in individuals who self-isolated for 14 days during the coronavirus disease 2019 (COVID-19) outbreak in January 2020 in China. Med Sci Monit. (2020) 26:e923921. doi: 10.12659/MSM.923921 
	 69. Grandner, MA, Petrov, MER, Rattanaumpawan, P, Jackson, N, Platt, A, and Patel, NP. Sleep symptoms, race/ethnicity, and socioeconomic position. J Clin Sleep Med. (2013) 9:905A–D. doi: 10.5664/jcsm.2990 
	 70. Sheehan, CM, Walsemann, KM, and Ailshire, JA. Race/ethnic differences in educational gradients in sleep duration and quality among U.S. adults. SSM Popul. Health. (2020) 12:100685. doi: 10.1016/j.ssmph.2020.100685 
	 71. Ning, L, Shi, L, Tao, N, Li, R, Jiang, T, and Liu, J. Effects of occupational stress and circadian CLOCK gene polymorphism on sleep quality of oil Workers in Xinjiang. China Med Sci Monit. (2020) 26:e924202. doi: 10.12659/MSM.924202 
	 72. Liu, X, Jiang, D, Li, B, Lu, Y, and Mao, Z. Somatization, obsessive-compulsive symptoms, and job satisfaction of the prison medical workers in Jiangxi. China PRBM. (2018) 11:249–57. doi: 10.2147/PRBM.S166868 
	 73. Odes, R, Chapman, S, Harrison, R, Ackerman, S, and Hong, O. Frequency of violence towards healthcare workers in the United States’ inpatient psychiatric hospitals: a systematic review of literature. Int J Ment Health Nurs. (2021) 30:27–46. doi: 10.1111/inm.12812 


Copyright
 © 2024 Zhou, Shen, Tan, Zhou, Zheng and Jiang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.







 


	
	
ORIGINAL RESEARCH
published: 24 July 2024
doi: 10.3389/fpubh.2024.1359096








[image: image2]

Photovoice for leveraging traditional, complementary, and integrative medicine amongst black adults to improve sleep health and overall health

Rhoda Moise1,2*, Maurice Chery2, Mykayla Wyrick2, Ferdinand Zizi1, Azizi Seixas1,3 and Girardin Jean-Louis1


1Department of Psychiatry, Center for Translational Sleep and Circadian Sciences, University of Miami Miller School of Medicine, Miami, FL, United States

2Department of Public Health Sciences, University of Miami Miller School of Medicine, Miami, FL, United States

3Media and Innovation Lab, Department of Informatics and Health Data Science, University of Miami Miller School of Medicine, Miami, FL, United States

Edited by
 Feng Jiang, Shanghai Jiao Tong University, China

Reviewed by
 Michael Nappier, Virginia Tech, United States
 Teresa M. Ward, University of Washington, United States
 Erica Jansen, University of Michigan, United States

*Correspondence
 Rhoda Moise, rkm54@med.miami.edu 

Received 20 December 2023
 Accepted 14 June 2024
 Published 24 July 2024

Citation
 Moise R, Chery M, Wyrick M, Zizi F, Seixas A and Jean-Louis G (2024) Photovoice for leveraging traditional, complementary, and integrative medicine amongst black adults to improve sleep health and overall health. Front. Public Health 12:1359096. doi: 10.3389/fpubh.2024.1359096
 




Introduction: Average adults are recommended to have 7–8 h of sleep. However insufficient sleep (IS defined as <7 h/nightly) is associated with increased risk of chronic diseases such as cardiovascular disease (CVD) and type 2 diabetes mellitus (T2DM). Traditional, complementary, and integrative medicine (TCIM), a burgeoning area of research and practice, leverages both modern and traditional approaches to improve health. Despite TCIM’s recognition as a tool to improve sleep and related outcomes, there is a gap in literature in addressing its impact among black individuals, who experience a disproportionate burden of IS and chronic disease. This qualitative study aimed to increase understanding of TCIM practices to overcome IS and overall health in black communities.
Methods: Using photovoice methodology, a qualitative tool which applies community-engaged principles to produce culturally informed results through interviews and digital media, consented participants were recruited from Miami, Florida and (1) instructed to capture images over one week that communicated their TCIM to improve sleep and overall health on their mobile device; (2) interviewed using individual, semi-structured procedures to add “voice” to the “photos” they captured for ~20 min; and (3) invited to participate in follow-up focus groups for refined discussion and data triangulation for ~1.5 h. Both individual and focus group interviews were conducted over Zoom with recordings transcribed for formal content analysis using Nvivo software.
Results: The sample included N = 25 diverse US black individuals (M = 37, SD = 13, range 21–57). Approximately a quarter of the sample were unemployed (N = 7) and majority were women (N = 21). Results highlighted five themes including: (1) natural wellness (sleep supplements, comfort beverages, aromatherapy, herbalism, outdoors); (2) self-care (self-maintenance, physical activity, spatial comfort); (3) leisure (pet support, play); (4) mental stimulation (mindfulness, reading); and (5) spiritual wellness (faith-based practices). Study results elucidate the heterogeneity of diverse US black individuals regarding sociocultural knowledge, beliefs, and behaviors.
Conclusion: Addressing IS in black communities requires a comprehensive strategy that integrates cultural sensitivity, family and community dynamics, education, mental health support, and informed policymaking. Future studies should consider how sleep health literacy, stress appraisal, and coping strategies may vary by race/ethnicity for tailored intervention.
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1 Introduction

Average adults are recommended to have 7–8 h of sleep (1–4). However insufficient sleep (IS) is associated with increased risk of chronic diseases such as cardiovascular disease (CVD) and type 2 diabetes mellitus (T2DM) and stems from various social and environmental determinants of health (e.g., mood and sleep disorders, shift work and extended work hours, unfavorable sleep environments) (5–7). Substantial evidence indicates significant racial/ethnic disparities in insomnia (IS), with Black individuals demonstrating a three-fold higher risk of IS compared to White counterparts (2, 8, 9). Notably, chronic diseases are the leading causes of death in the United States (US) and require a comprehensive treatment and management approach. However, there is an emerging body of literature seeking to address chronic conditions by investigating the utility of traditional, complementary, and integrative medicine (TCIM) (10–16). TCIM leverages a holistic approach to healthcare by combining conventional medical treatments with complementary and alternative therapies to treat the whole person with various modalities to promote wellness and address both physical and emotional aspects of health (17, 18). In fact, established literature recognizes TCIM practices, such as yoga and nutrition, as a tool to improve sleep health outcomes which in turn improve chronic health outcomes (10–17, 19).

Despite TCIM’s recognition as a tool to improve sleep and related outcomes, there is a gap in literature in addressing its impact among black individuals, who experience a disproportionate burden of IS and chronic disease (17, 19). Recent literature suggests typical health lifestyle behaviors, such as physical activity, do not confer the same health benefits among Black individuals as they do for White individuals (20–22). Underlying mechanisms contributing to these disparities include ecological and social determinants of health such as cultural differences in knowledge, attitudes, and behaviors; systemic inequalities in access to health resources; and population specific genetic variations (1, 2, 8, 19, 23, 24). Such differences may play a role in shaping the health outcomes associated with these behaviors across racial groups. Therefore, a more comprehensive exploration of these factors is essential to better understand and address the observed differences in health benefits derived from lifestyle behaviors among diverse populations (7, 25–31). TCIM practices for sleep and overall health optimization such as spirituality, herbalism, and meditation have been understudied in black individuals. Therefore, attempts to adapt TCIM interventions for black individuals without directly considering biopsychosocial pathways and experiences from black individuals may render efforts ineffective. Photovoice is a qualitative methodology which applies community-based participatory research (CBPR) principles in engaging members of the community to produce culturally informed results through interviews and digital media (32–34). Thus, a photovoice approach could be one method to facilitate communication between academic researchers and immigrant and minority communities to create the kind of partnerships that can address racial/ethnic disparities in sleep.



2 Materials and methods


2.1 Conceptual frameworks: the PEN-3 model and SHOWeD process

This study uses the SHOWeD photovoice protocol to engage black individuals with IS in semi-structured individual and group interviews grounded in cultural empowerment through allowing them to share their personal narratives with use of digital media (32–35). The PEN-3 Cultural Model provides a framework for data interpretation (32–35). Therefore, this study aims to (1) utilize photovoice to engage black individuals in the research process of understanding barriers and facilitators to incorporating TCIM in their lifestyle and (2) employs the PEN-3 Cultural Model to consider multilevel social and environmental determinants of health for public health planning and delivery. Overall, the anticipated results of the study could provide valuable insights into how TCIM can be effectively integrated into the healthcare landscape to better meet the needs of Black individuals, while also highlighting the importance of addressing cultural, social, and environmental determinants of health. To clearly provide participants study parameters, we initially focus on an asset-based model of current TCIM practices and then we will delve deeper into the scope of considering facilitators and empowerment by following theoretical approaches described below and detailed elsewhere (32–34).

The PEN-3 cultural model has been developed particularly for research in ethnic populations for cultural sensitivity and specifies three dimensions including the following: (1) cultural identity (person, extended family, and neighborhood); (2) relationships and expectations (perceptions, enablers, nurtures); and (3) cultural empowerment (positive, existential, negative) (32, 35, 36). These dimensions aid in organizing and interpreting data. As theorized in the PEN-3 Cultural Model (35) as well as other ecologically oriented models, multiple levels of influence shape one’s health. For instance, the cultural identity aspect of the PEN-3 cultural model assesses the individual at a personal level, communal extended family level, and societal neighborhood level. The dimension of relationships and expectations includes one’s perceptions, enablers, and nurturers and provides theoretical underpinnings for analysis of various sociodemographic variables and both individual (perceptions) and interpersonal (enablers and nurturers) factors (35). Positive, existential, and negative elements that shape one’s cultural empowerment.

Wang and Burris’s “SHOWeD” process for photovoice data (Table 1) encompasses a series of questions to guide conversation including (1) What do you See here? (2) What is really Happening here? (3) How does this relate to Our lives? (4) Why does this situation, concern, or strength Exist? (5) What can we Do about it? Through modifying the power dynamic of dominant researcher examining vulnerable participant to be more collaborative, this study allows participants to exercise autonomy in artistic expression of scientific measure through photovoice (33, 35). SHOWeD provides a scientific guideline to data acquisition and interpretation whereas the PEN-3 Cultural Model serves as a thinking tool to aid interpretation and implications of health behaviors in ethnic populations.



TABLE 1 Photovoice nine-step study procedures.
[image: Table details a schedule for groups G1 to G3 and focus groups FG1 and FG2, each with eight or nine participants, for recruiting, photographing, discussing, and disseminating results. Activities span July to December 2023, following Wang and Burris's recommended steps.]



2.2 Study recruitment and data analysis

In recruiting participants for the photovoice study, a purposeful sampling strategy was employed to select individuals from the ongoing R01 study, Determinants of insufficient sleep among black individuals and effects on disparities in health outcomes (ESSENTIALS; R01HL142066–06). This strategy was chosen to ensure that participants had relevant experiences and insights related to sleep health within the target population. To address potential biases, efforts were made to diversify the sample by considering factors such as age, gender, socioeconomic status, and geographic location. The sample was deliberately constructed to encompass the diverse Black population residing in South Florida, thereby ensuring representativeness within the study cohort. Efforts were made to encompass both US-born and foreign-born individuals, reflecting the demographic composition of South Florida. Additionally, steps were taken to establish the generalizability of the findings by conducting in-depth analyses of the data, triangulating findings with existing literature, and engaging in ongoing dialogue with community stakeholders to validate and contextualize the results. These measures were aimed at enhancing the validity and reliability of the study findings, thereby strengthening the credibility of the research outcomes.

Throughout the photovoice study, we implemented CBPR principles by actively involving community members in decision-making processes, ensuring their voices and perspectives were central to the research (32, 37). For participant recruitment, we collaborated closely with community organizations and leaders to identify and engage individuals who best represented the community’s diversity and needs (34, 38). Moreover, in terms of study design, community members were consulted at various stages to ensure the research questions, methodologies, and outcomes were culturally relevant and aligned with community priorities (33, 39).

The study team offered comprehensive training sessions for participants on how to effectively utilize photovoice as a research tool similar to previous photovoice study standards (32, 34, 38). These sessions covered topics such as the purpose of photovoice, ethical considerations, technical aspects of photography, and guidelines for selecting and captioning photographs. Participants were given ample opportunities to practice their photography skills and engage in discussions to ensure they understood the objectives of the project and how their contributions would be utilized (33, 34). Additionally, ongoing support and guidance were provided throughout the study to address any questions or concerns that arose. Participants were given a week to capture five photographs that communicated their natural, integrative practices to improve sleep and overall health. Participants were then asked to participate in a follow-up individual, semi-structured interview to add “voice” to the “photos” they captured for approximately 20 min. Individual interviews created a safe space for participants to share their insights for the first time within the study (32). Information redundancy or saturation was ascertained when no additional barriers or themes were articulated by participants (40–43).

Study personnel invited participants who were interested and amenable to secondary focus group interview dialogue to further discuss and triangulate data, a technique to assure validity through usage of more than one data collection method. Two focus groups spanned 1–1.5 h with six participants each. Targeted themes of focus groups included knowledge, beliefs, and attitudes about TCIM for sleep (e.g., spirituality, herbalism, and meditation), as well as mediating and reinforcing factors associated with healthful sleep behavior (e.g., families, workplaces, religious affiliations, or community and societal structures). Additional validation techniques included a member checking method where focus group participants clarified the initial individual interview results as well as keeping record with detailed audit notes in addition to audiovisual recording (40, 41, 44). Result reliability was further established through research techniques including prolonged field engagement by means of recruitment through an existing federally funded large research study to develop familiarity and trust with the participants (40, 41). Both individual and focus group interviews were conducted over Zoom with recordings transcribed for formal content analysis using Nvivo software.

Participants identified and described images that best captured their natural practices for improving sleep and overall heath. For comprehensive inquiry, participants also were given the opportunity to articulate any practices which were difficult to photograph. Initial individual interviews offered understanding of significant photographs which served as the codes for thorough content analysis and focus group interviews provided further discussions and data validity. Codes were organized into major themes by two research personnel independent from the corresponding author who conducted the interviews to avoid biased content analysis using NVivo qualitative data analysis software (33, 34, 41, 45). In order to optimize the interpretation for ecological implications, investigators employed a combination of manual inductive methods involving document review and organization by study personnel and deductive techniques, which included machine assessment using software like NVivo to analyze word frequencies in transcripts (41, 43). The final selection of images was guided by the principles of PEN-3, specifically focusing on cultural identity, relationships, expectations, and cultural empowerment, as guided by relevant literature (32, 35, 36).




3 Results


3.1 Participant characteristics

The sample (Table 2) included participants who all self-identified race African American or Black (N = 25) with history of insufficient sleep (IS) but not diagnosed with a sleep disorder. Our sample included diverse US black individuals (N = 8 foreign born) who were on average 37 years of age (SD = 13, range 21–57). Further, over half the participants had at least one foreign born parent (N = 16). Additionally, several participants spoke a language other than English at home (N = 10). Approximately a quarter of the sample were unemployed (N = 7). Of those employed (N = 18), participants reported occupations including the health sector, administration, homemaking, and education. The majority of participants also reported personal, or family history of chronic conditions related to sleep (N = 18). These chronic conditions spanned cognitive, cardiometabolic, inflammation issues (e.g., dementia, epilepsy, stroke, diabetes, cancer, hypertension, high cholesterol, asthma, arthritis, edema, substance addiction).



TABLE 2 Characteristics of photovoice participants N = 25.
[image: A table displays demographic data on 25 individuals, including columns for age, sex, ethnicity, foreign-born parent status, language spoken at home, employment status, and familial chronic condition. Ethnicity categories vary, and employment status includes roles ranging from unemployed to various professional positions. Languages spoken include English and other specific languages or dialects. The presence of a familial chronic condition is indicated by "Y" for yes and "N" for no.]



3.2 Qualitative content analysis: individual interviews

This study’s research produced five themes (Table 3) with parallel subthemes: (1) natural wellness (sleep supplements, comfort beverages, aromatherapy, herbalism, outdoors); (2) self-care (self-maintenance, physical activity, spatial comfort); (3) leisure (pet support, play); (4) mental stimulation (mindfulness, reading); (5) spiritual wellness (faith-based practices). The development from the individual interviews guided the dialogue for the focus groups.



TABLE 3 Themes, definitions, and subthemes of photovoice for leveraging TCIM amongst black adults to improve sleep health and overall health.
[image: A table outlines themes related to well-being. Themes include Natural Wellness, Self-care, Leisure, Mental Stimulation, and Spiritual Wellness. Each theme includes definitions and subthemes. Natural Wellness involves herbal practices with subthemes like aromatherapy. Self-care focuses on physical and mental well-being, including self-maintenance. Leisure relates to relaxation with subthemes like pet support. Mental Stimulation involves cognitive activities like mindfulness. Spiritual Wellness covers practices fostering peace, such as faith-based practices.]



3.3 Qualitative content analysis: focus group interviews

The analysis identified five key themes with associated codes or subthemes, outlining strategies for personal well-being: (1) Natural Wellness: This includes the use of sleep aids like melatonin, comfort drinks (e.g., milk, hot chocolate), herbal remedies (cannabis, tea), aromatherapy (candles, diffusers), and spending time in nature. (2) Self-Care: This theme covers personal grooming and relaxation techniques (skin care, massage, cooking, napping, solitude), physical exercises (cardio, yoga, biking), and creating a comfortable space (through soothing audio and sleep-enhancing accessories like cooling pillows). (3) Leisure: Activities here involve interaction with pets (cats, dogs, birds), and engaging in play (video games, musical instruments, music). (4) Mental Stimulation: This includes practices for mental clarity and engagement such as mindfulness (breathwork, journaling), and reading for leisure and knowledge expansion. (5) Spiritual Wellness: The theme is centered around engaging in faith-based practices as a means to spiritual grounding and peace. Results from individual interviews further guided discussion in focus group interviews.



3.4 Natural wellness

Participants underscored the importance of natural wellness in their overall health and sleep practices (Figure 1). The analysis revealed a clear preference for natural sleep aids among the participants. These were not merely chosen for their effectiveness but also for their connection to nature’s inherent restorative qualities. The habitual intake of warm beverages before bedtime was highlighted as a simple yet meaningful routine that participants believed prepared their mind and body for rest. Herbal remedies were valued not just for their direct impact on sleep but also for their broader contribution to well-being, suggesting a holistic approach to health (Figure 2). Aromatherapy was consistently mentioned as a method for creating a sleep-conducive environment, with natural scents being used to promote relaxation and tranquility. Furthermore, exposure to the outdoors was frequently associated with improved sleep, pointing to the therapeutic potential of the natural environment. For example, a participant shared:

[image: Open book on a sandy beach at sunset with waves in the background. The sky is filled with clouds, and the horizon is tinged with soft orange and purple hues.]

FIGURE 1
 “I truly believe that this is a necessity for wellness, and it’s much needed for just the human way of life to connect with the earth, connect with the sun, the ocean, plants, we are all one this earth together”.


[image: Packaging of an organic herbal tea supplement labeled as "Organic Ginger Root." Includes an image of ginger and text stating "Supports Healthy Digestion" with a USDA organic certification logo.]

FIGURE 2
 “[I] started to make some infused tea with [herbs] as a night tea before sleeping, after I eat. Because I’ve realized it not only helps with sleeping afterwards but also it kind of improves my digestion”.


 “I would say it’s supplements that different people use depending on sleeping difficulties that they might face because some people often might find it hard to get sleep at night, or they might find it hard to stay asleep. So, I know that chamomile tea, when I put two-three baggies in there, it kinda – it knocks me out. It puts me to sleep. It just – I don’t know. I just close my eyes, and I’m gone. It works.”





3.5 Self-care

Participants considered self-maintenance activities to be of paramount importance, extending well beyond mere routine. Participants saw these practices as vital in establishing a pre-sleep ritual that transitioned them from wakefulness to sleep (Figure 3). Physical exercise, for example, was highlighted as a means to dissipate stress and physical discomfort, which participants felt were barriers to restful sleep (Figure 4). The individual customization of their sleep environments further underscores the participants’ proactive approach to self-care. They did not merely seek comfort but engaged in a thoughtful selection of elements such as auditory stimuli, which might include soothing sounds or white noise. Participants chose these elements to address individual sensory preferences and sensitivities, which were recognized as significant contributors to sleep disruption or facilitation.

[image: Various skincare products are displayed, including a bottle of coconut oil, Cetaphil moisturizer, micellar cleansing water, a tube of tretinoin, and a bottle of Aczone gel.]

FIGURE 3
 “After I shower, of course, I use my facewash in the shower, and then I use the micellar water just to clean up, make sure my skin’s extra clean… And I think just doing that-because I do not really do that in the morning, but doing that at night just helps wind me down and lets me know that it’s time to get ready for bed”.


[image: Person exercising with battle ropes on a sandy beach near a pier. Buildings and a tractor are visible in the background. Shadows extend across the sand.]

FIGURE 4
 But I do know that [exercise] right there is one of the main things that helps me also get tired throughout the day. Because after I’ve burned over 3,000 calories, I’m super exhausted. So [I’m] able to just lay down and try to relax and go to bed”.


Moreover, participants often spoke of self-care in terms that suggested a holistic engagement with their well-being. It was not just a single action but a suite of behaviors that cumulatively created a conducive atmosphere for sleep.


“Well, I feel it [yoga] keeps my irritability or the – how erratic my thoughts are, like the level of frenzy in my thoughts, and so, when I’m just calmer in general, it’s easier to just lie down. Anything that creates me more, gives me more peace, because my day is so running gun and very anxiety inducing. Anything allows me to kind of be still and kind of just detach from my outward responsibilities brings me more peace and more peace calms me down and ensures better sleep.”
 



3.6 Leisure

Participants detailed how leisure activities were crucial in unwinding their minds, serving as a prelude to their nightly sleep. They spoke of the comfort and emotional support derived from the presence of pets, emphasizing how they provided a unique form of companionship that allayed their anxieties and facilitated a sense of protection as they drifted off to sleep (Figure 5). Furthermore, they shared how engagement in recreational activities (playing games, strumming a guitar, listen to music) acted as effective transitional activities (Figure 6). These pursuits allowed them to detach from the pressures and stress of their daily routines, serving as a deliberate shift from wakefulness to a state primed for rest. Participants also elaborated on how these leisure activities, by offering a joyful and satisfying end to their day, played a significant role in shaping their mood and readiness for sleep. They described this time as essential in signaling to their bodies and minds that the business of the day had ended, making way for the calm of the night, setting the stage for a restorative sleep.

[image: A German Shepherd lies on a paved plaza next to a person seated with crossed legs. The scene is within a modern urban area featuring tall buildings, palm trees, and a distant historic tower.]

FIGURE 5
 “I do know that dogs they love to cuddle…And it helps you fall asleep. And it also makes you feel safer, too. So you can have a peace of mind that you have a best friend next to you and nothing’s gonna happen to you”.


[image: Person playing a bass guitar, wearing a colorful patterned shirt. The focus is on the instrument and the person's hand positioning on the guitar's neck. The background is plain.]

FIGURE 6
 “I was very concentrated, and very motivated playing this instrument, but just getting into a routine, practicing to kind of wear myself out so I can fall back asleep again, and maybe doing this for maybe for I wanna say 30 to 45 min got me sleepy enough to revisit the bed”.



“But I don’t know if you have pets, but I feel like it’s totally true just snuggling with an animal, cats, they purr. I feel like that relaxes me…. So, I really think it’s just a comfort thing to have someone that’ll listen to you and not judge you, and just love you regardless of what you’re going through.”
 



3.7 Mental stimulation

The participants recounted that their deliberate engagement in mental stimulation activities was a strategic measure to prepare their minds for rest. They described their mindfulness practices, which included measured breathing and focused attention, as essential evening rituals to dispel the day’s mental clutter and foster a state of serenity conducive to sleep (Figure 7). The participants also emphasized how the act of reading served as a mental gateway, offering them an escape into narratives that distanced them from their own pressing thoughts, effectively quieting their minds. This narrative journey through books was articulated as a purposeful pre-sleep routine, which allowed them to transition from the complexity of reality to the simplicity of sleep. Through these practices, the participants illustrated a thoughtful process of mental deceleration, one that supported their overall sleep hygiene by gradually diminishing cognitive arousal and leading them gently towards sleep (Figure 8).

[image: Person sitting cross-legged on a white mat indoors, wearing a black tank top and teal shorts. Hands rest on knees in a meditative gesture. Background shows part of a room with tiled flooring.]

FIGURE 7
 “I think people are kind of more accepting of this in everyday life. We do this and we do not realize it, whether it be breath work, or I’m stressed. We’re just like let me take a deep breath. Let me take 10 s for myself. This is something that we are not as conscious of but we are doing and making it more conscious…”.


[image: Silhouette of a person sitting on a rock ledge against a cosmic background with Earth and clouds. It's a promotional image for "Calm" app featuring relaxing sleep music. Options to install the app, subscribe, and share are visible.]

FIGURE 8
 “I think it really just depends on how I’m feeling. Most of the time I do use the brown noise just because I feel like it’s a little bit more subtle. But if I do wanna drown out more noise, I feel that the white noise is a little bit louder, but it’s still comforting enough for me to fall asleep to …”.



“I think breathing is really important that we don’t focus enough on. It’s good for our body and just how our body works physiologically, but also just contributing to mindfulness and aiding for peaceful periods. I think meditating is very necessary because we need to slow down from our very fast-paced lives….”
 



3.8 Spiritual wellness

The participants conveyed that their spiritual practices were deeply intertwined with their sleep experience, attributing a significant role to these practices in achieving a restful night. They articulated that their faith-based activities were not mere habits but integral components of their nighttime routine, providing them with profound calm and a purposeful conclusion to their day. These spiritual engagements, as described by the participants, acted as a prelude to sleep, fostering an atmosphere of peace that was vital for transitioning into a state of rest (Figure 9). The participants regarded these practices as a grounding force, one that not only readied them for sleep but also enriched their lives with a deeper sense of fulfillment and tranquility.

[image: A woman is sitting in bed reading a book with a red cover. Next to her, on a side table, are several stacked books.   A copy of "Our Daily Bread" and a Holy Bible are placed on a bed covered with a blanket that has the word "blessed" repeated on it.  An album cover features blurred figures in the background and the text "Fred Hammond Radical for Christ" in bold letters.]

FIGURE 9
 (A–C) “[When] things get rough, there’s always a higher power that we need to reach out to help us out with the things that we cannot solve by ourselves. I think we are all, innately, people always want something bigger than themselves to give them meaning, to give them comfort, to guide them in their everyday life, no matter what religion, spirituality, whatever practices you do, we are all wanting that same thing…”.



“I believe because we just need guidance. We don’t know everything. And these practices have been going on for so many years going back… So, prayer for me is, yeah, the actual praying to God, but also just praise. So me being in the church, being in the Word, so just reading and listening to the pastor. But I think throughout the day is more little conversations with God about just my everyday life or things that I’m going through and feeling.”
 



3.9 Cultural influence

Notably, the sample included an array of cultural heritages of diverse US black individuals both including U.S.-born and foreign-born black individuals. Further, over half of the sample reported having at least one foreign-born parent. Participants geographically reported linages from both West and East Africa, throughout the English- and French-speaking Caribbean, and various regions of the U.S. Participants were specifically prompted to share their perspectives on how their culture may influence sleep health and related behaviors. Although some stated they found no relevance, nearly a quarter of the sample felt their culture significantly impacted (N = 8). Namely, Caribbean participants referenced cultural practices using herbalism or plant medicine for sleep.


“It’s a requirement. You have to have tea before bed… So, I think that’s something very specific to … Caribbean culture… So, that is definitively like an TCIM practice… A lot of the herbal and naturopathic routes that I kind of default to when trying to find relief in sleep come from being of Haitian heritage. If I tell my mom that I can’t sleep, before she thinks about melatonin, she’ll tell me… [about] that specific tea with those leaves that are supposed to help with sleep.”
 

Insight into African American familial heritage intersected with religion and social determinants of health also were articulated:


“I cannot really get anyone to go work out with me. And that’s when I realized culturally – you know, my friends are sitting there talking about our metformins, and all of us are on it. All of us gotta take Ozempic … We’re all tired… most African Americans are brought up with soul food. It’s really heavy sometimes, and sometimes it makes you restless, you know, the way that you eat … And I was just never brought up to know about exercise at all … I never seen my family members exercise… I saw my family go to church all the time, and we eat at church, and we get really tired and don’t exercise the food off, and all of that weighs on your weight. That’s how I became diabetic. And it weighs on your sleep apnea, your breathing. All of that I think plays a part in the way that we sleep …”
 

Furthermore, participants with African, Caribbean, and African-American heritage all noted cultural perspectives as influential. Key elements included cultural norms, familial responsibilities, and gender roles. For instance, when referencing immigrant heritage and sleep health literacy, insights included:


“I know where my parents are from, they sleep for like, probably, six hours, and then, they’re up for the whole day. That’s just like everybody in the house does that when I’m back in Nigeria… my family is hardworking, and so they’re not too keen on me sleeping the day away. Not that I’m against that. I mean, I could say I’m 100% in agreeance with it.”
 

Additionally, when discussing familial responsibilities from a cultural perspective, participants shared:


“So, culture, depending on where you’re from, I mean, there might be certain expectations put on certain roles, so father, mother, or husband, or wife, or child dictating how much you should sleep, determining or dictating how long you should be awake, how much you need to do a day, and so that’ll effect how much you’re sleeping, how much you will be able to sleep in”
 

In regard to gender roles, participants shed light on similarities in African-American culture stating:


“I think it’s the same for African American women as well as the Caribbean culture. We’re just supposed to be strong. It takes a toll on you… And I think the stress of not letting go and trying to multi-task and control everything that goes on in the house, at school, at work, takes its toll on me as a person… it’s that type of thing that kind of makes you just have [anxiety and tiredness].”
 

When discussing cultural perspectives as an immigrant, participants described the benefit of therapy for mental health:


“Therapy has helped me not let it have such an effect on me. Because at least with my family, and I know with a lot of other Caribbean families as well, especially that I’m the oldest, there was a lot of pressure put onto me. The first to go to college. The first to move out. The first to buy a place on their own. I was the first even grandchild or cousin to do a lot of this, so I had a lot of pressure on me to keep doing better. So, I think going through therapy and knowing that it’s not always a competition, that everyone goes at their own pace, it’s really helped relieve a lot of that stress. And I think that has helped my sleep tremendously.”
 



3.10 Challenges in sleep health equity

Participants were also questioned about the challenges black individuals encounter in relation to sleep. The vast majority highlighted external factors, including chronic stress, financial obligations, housing insecurities and neighborhood environments, work-life balance, household responsibilities, and cultural background as significant barriers to obtaining quality sleep (Figure 10). These external influences, as identified by participants, adversely affect black individuals. For example, participants reported:

[image: A book titled "We Do This 'Til We Free Us" by Mariame Kaba lies open on a white fabric surface. The cover features a blue and yellow abstract design with the subtitle "Abolitionist Organizing and Transforming Justice" and is published by Haymarket Books.]

FIGURE 10
 “I mean, racism, discrimination pretty much [impact black people’s sleep], because you see it in every area. Whether it’s like you are trying to get a job, but you are facing discrimination, and sometimes you do not even know you are facing that, and so you are stressed about that… I do not know. I could go on this forever. I’m lost for words right now because I think it’s systemic but also like misinformation, which can also be systemic but also like interpersonal… just not thinking of sleep as like a health-related priority. So, like sleep in the psyche of black people, again having to do with the overworked systemic kind of things, I think is not a priority in health and wellness…”.



“[We] tend to worry a lot about the cares of life. How are we gonna pay our bills financially? How are we going to take care of taking our child to the doctor if we don’t have any more sick days. How are we going to get things done? How am I going to make sure my child gets a good meal when I’m so tired I can’t stand up?”

“There’s a lot about chronic stress having biological effects on your body. I mean for many different reasons people can be stressed out. That has nothing necessarily to do with their race. But I think there tends to be everyday stressors associated with race regardless of what you do in your life career wise or whatever your day to day looks like…. Maybe the neighborhood, the noise, the commotion, and the movement outside… I know here in my neighborhood… that kinda disturbs my sleep at night.”
 




4 Discussion

Inadequate sleep (IS) is linked to an increased risk of chronic diseases which are a leading cause of death in the US (1, 8, 23). TCIM, incorporating both modern and traditional approaches, has been recognized as a means to enhance sleep health outcomes (17). Despite this recognition, there is a literature gap in understanding the impact of TCIM among the black population, which faces a disproportionate burden of IS and chronic diseases. Previous research indicates that typical health lifestyle behaviors may not have the same benefits for Black individuals compared to White individuals (21, 22). Therefore, adapting TCIM interventions for Black individuals without considering their unique biopsychosocial pathways and experiences may be ineffective. Photovoice, a qualitative methodology rooted in community-based participatory research principles, involves engaging community members in producing culturally informed results through interviews and digital media (32, 33, 38, 44). This study adopts an asset-based model of current TCIM practices, followed by an exploration of facilitators and empowerment using the SHOWeD photovoice protocol and the PEN-3 Cultural Model (33, 35).

Our research, focusing on black participants (N = 25) with a history of IS, revealed insightful results through qualitative content analysis. The sample of heterogenous Black individuals, averaging 37 years of age and representing diverse backgrounds, highlighted a range of culturally influenced perspectives and practices affecting their sleep. Five key themes emerged from the analysis: (1) Natural Wellness, emphasizing the use of natural sleep aids and herbal remedies; (2) Self-Care, focusing on personal maintenance and relaxation techniques; (3) Leisure, where pets and recreational activities played a significant role in relaxation; (4) Mental Stimulation, involving mindfulness and reading as preparatory steps for sleep; and (5) Spiritual Wellness, highlighting the importance of faith-based practices in achieving tranquility. Participants underscored the role of cultural heritage in shaping their sleep health and related behaviors. There is huge heterogeneity within black group of how sleep perceived which also sheds light into varying degrees of sleep health literacy. Notably, Caribbean participants discussed the use of herbalism and plant medicine as integral to their sleep routines, reflecting deep-rooted cultural practices. Self-identified African American or black participants pointed out lifestyle and dietary habits influenced by cultural upbringing as factors impacting sleep health. Participants also shared the cultural expectations in familial roles and responsibilities around productivity and sleep, revealing a spectrum of views within diverse US Black individuals. The research also touched upon the role of mental health therapy, particularly among immigrant participants, highlighting its effectiveness in alleviating stress and improving sleep.


4.1 Implications for practice

Applying the PEN-3 Cultural Model provides a multifaceted approach that acknowledges the unique cultural, familial, and societal aspects when addressing insufficient sleep within the US black communities. The diversity in US Black individuals constitutes a plethora of cultural heritages influencing health knowledge, attitudes, and behaviors. The critical need for cultural sensitivity and personalization in interventions is evident, especially given the prevalence of sleep-related issues among this demographic (3, 46, 47). Interventions should be tailored to accommodate the diverse cultural backgrounds within these communities. This includes considering natural remedies, spiritual practices, and leisure activities that resonate with diverse Black individuals’ cultural heritage and nuanced contexts. Furthermore, engagement of families and communities is crucial in addressing sleep health among black communities (48). Sleep health programs must recognize the influence of family dynamics and community norms on sleep behaviors, which are particularly salient in black communities (9, 48). Incorporating these broader social structures, interventions can leverage existing support systems, thereby enhancing the effectiveness and sustainability of behavioral changes.

Education and awareness around the importance of sleep and its related factors, such as diet, exercise, and mental health, are essential components of these interventions (25). Given the disparities in sleep health and access to sleep-related health care in black communities, culturally relevant and accessible educational programs are vital (4, 9, 48). Such initiatives can empower individuals with the knowledge to make informed decisions about their sleep health. Furthermore, addressing mental health is another key aspect, particularly considering the relationship between stress, mental health, and sleep in US Black individuals (26). Access to mental health services, including therapy and counseling for vulnerable populations such as black women and immigrants (49), can play a significant role in improving sleep health. These services can help mitigate the stressors uniquely experienced by Black individuals, thereby improving overall sleep quality.

The study sample exhibited diversity within the large racial category of “black.” Results underscored the heterogeneity within black ethnicities which is often veiled due to aggregate data at the black race level. With the exponential growth in Caribbean, African, and other Black groups in the United States (US) due to immigration and birthrates, the label “black” has come to encompass an increasingly heterogeneous group with important implications for the study of health disparities (50, 51). For example, we know chronic diseases such as CVD and T2DM present differently by race/ethnicity, sex, and age, with older black women at highest risk for poor outcomes (52–55). However, limited studies have focused on the underlying biopsychosocial factors driving this health inequity such as nuanced ethnocultural knowledge, attitudes, and behaviors. Furthermore, cultural and spiritual influences play pivotal roles in health outcomes, particularly within black populations, extending beyond conventional biopsychosocial models (48). These factors deeply influence beliefs, behaviors, and resource access, shaping preferences for healthcare modalities. TCIM approaches hold significance, reflecting cultural heritage and spiritual practices in managing health (12, 56). For instance, supportive networks within cultural and spiritual communities offer crucial emotional aid and a sense of belonging, augmenting overall well-being. Additionally, coping mechanisms like prayer or meditation, rooted in cultural and spiritual beliefs, aid in stress management (57–60). These frameworks foster resilience and imbue life with meaning, enhancing psychological health (61–64). Recognizing and comprehending these dynamics are imperative for delivering culturally sensitive healthcare tailored to the unique needs of black populations, ultimately promoting holistic well-being. Findings from this study identify relevant sociocultural themes from a qualitative standpoint to help elucidate intervention targets. Future studies should consider how exposure to, and appraisal of stress may vary by race/ethnicity (e.g., reason for immigration, context of reception, and cultural perspectives), and in turn, pathways of psychogenic stress may also vary accordingly for tailored intervention (62, 65, 66).



4.2 Conclusion

Public health policies must consider the unique needs of diverse black communities when designing sleep health programs. This entails not only recognizing the specific challenges faced by these communities but also dedicating resources to community-specific research and intervention programs (67). Such policy initiatives can bridge the gap between research findings and practical, community-based solutions, leading to more effective and inclusive sleep health programs. Addressing IS in black communities through the lens of the PEN-3 Model requires a comprehensive strategy that integrates cultural sensitivity, family and community dynamics, education, mental health support, and informed policymaking. This approach, grounded in a deep understanding of the specific challenges and needs black communities, offers a pathway to more effective and sustainable interventions in sleep health. For instance, addressing equity concerns related to issues such as housing insecurities, job wages, and neighborhoods is crucial and requires adequate attention from stakeholders in positions that influence systemic structures (4, 23, 48).



4.3 Strengths and limitations

Individuals began by sharing their initial experiences of obstacles in a private setting to reduce response bias and encourage active participation. The research methodology involved subsequent focus group interviews to validate findings and elaborate on perceptions of TCIM. Conducted in Miami, a city renowned for its cultural diversity and representation of various ethnic groups of Black individuals, the study aimed to offer insights applicable to diverse contexts. Importantly, the study did not encompass advanced knowledge assessment, behavior change evaluation, or clinical intervention. Despite these limitations, the study’s outcomes contribute valuable information for optimizing public health planning and delivery strategies.
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Introduction: Body dissatisfaction significantly impacts depression among adolescents with polycystic ovary syndrome (PCOS). This relationship is compounded by various factors. Our study aims to explore the roles of self-esteem and self-compassion in the relationship between body dissatisfaction and depression in adolescent with PCOS.
Methods: A cross-sectional study was conducted at the Shanghai First Maternity and Infant Hospital, involving 287 adolescents diagnosed with PCOS from January 2020 to December 2021. Participants completed validated questionnaires covering body dissatisfaction, self-esteem, self-compassion and depression. We utilized correlation and mediation analyses to examine the relationships and mediating effects among these variables.
Results: Body dissatisfaction had a significant positive effect on depression (β = 4.254, p < 0.001). Conversely, self-esteem (β = −0.944, p < 0.001) and self-compassion (β = −0.318, p < 0.001) were negative predictors of depression. Both self-esteem [β = 3.405, 95% CI = (0.151, 0.305)] and self-compassion [β = 1.525, 95% CI = (0.045, 0.165)] were shown to partially mediate the relationship between body dissatisfaction and depression, explaining 37.07% and 16.61% of the total effect, respectively.
Conclusion: This study highlights the importance of fostering self-esteem and self-compassion among adolescents with PCOS to buffer the depressive effects of body dissatisfaction. Interventions aimed at promoting accurate and positive body perceptions, enhancing self-esteem, fostering a supportive attitude toward personal challenges, and maintaining positive emotional states are recommended to decrease the incidence of depression.
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1 Introduction

Adolescent depression is a significant global concern, negatively affecting individuals and leading to severe psychological and behavioral issues such as low mood, eating disorders, and suicidal tendencies (1). In the last two decades, there has been a noticeable increase in the prevalence of depressive symptoms among adolescents (2, 3), with approximately 14% of adolescents globally experiencing mental health conditions (1). In China, a national mental health study revealed that nearly 25% of adolescents reported experiencing mild to severe depression (4).

A considerable amount of research has focused on the factors and mechanisms underlying depression. Numerous studies have identified a strong link between increased depression risk and body dissatisfaction (5, 6). Body dissatisfaction arises from negative feelings toward one's physical appearance, driven by a discrepancy between one's ideal and actual appearance (7). This issue is particularly pronounced among adolescent girls, where substantial physical changes during puberty can escalate depressive symptoms (8). Polycystic ovary syndrome (PCOS), a prevalent gynecological endocrine disorder affecting adolescent girls, involves body changes like obesity, acne, hirsutism, and acanthosis nigricans that can negatively impact female identity and contribute to body dissatisfaction (9). Although PCOS typically develops during puberty, it can manifest before or after this period, significantly affecting women's physical and mental health and overall quality of life (10). Studies show that PCOS patients exhibit higher levels of body dissatisfaction and depression compared to their healthy peers (11–13), making body dissatisfaction an important depression risk factor among adolescents with PCOS (9).

However, it is crucial to note that not all adolescents with PCOS who experience body dissatisfaction will necessarily develop depression. The relationship between the two may be moderated by subjective cognitive factors like self-esteem and self-compassion (14, 15). Self-compassion, a strategy for emotional regulation, involves adopting a tolerant and kind attitude toward oneself during distress or failure and handling negative events with equanimity (16). Studies suggest that adolescent girls with lower self-compassion levels are more likely to experience negative body dissatisfaction and depressive emotions (17, 18). Self-esteem, defined by Rosenberg (19), refers to the subjective evaluation of one's own worth and the belief in being valued. It has been shown that negative body image during adolescence significantly influences self-esteem (20), and low self-esteem increases the risk of depressive emotions (21).

Although individual impacts of these factors have been extensively studied—as evidenced by research from Bornioli et al. (22) on body dissatisfaction and depression, Castilho et al. (23) on the link between self-compassion and body satisfaction and Takahashi et al. (24) on the relationship between self-compassion and depression—there is a lack of research exploring their interplay. Stapleton et al. (25) studied the mediating role of self-compassion in self-esteem and body image relationships, while Azizi Kutenaee et al. (14) used a structural equation model to examine the direct and indirect relations among clinical PCOS features, depression, self-esteem, and body image. Despite these contributions, there remains a gap in research regarding the role of self-esteem and self-compassion in the relationship between body dissatisfaction and depression among adolescents with PCOS. This study aimed to address this gap by examining the interrelations among these factors and providing empirical evidence to support the prevention and intervention of depression in adolescents with PCOS.



2 Materials and methods


2.1 Study design

We used a mediation analysis to examine the roles of self-esteem and self-compassion in mediating the relationship between body dissatisfaction and depression in adolescents with PCOS. Based on existing literature, we developed the following hypotheses to guide our investigation (Figure 1):

	Hypothesis 1 (H1): Body dissatisfaction is positively associated with depression.
	Hypothesis 2 (H2): Self-esteem acts as a mediator in the relationship between body dissatisfaction and depression.
	Hypothesis 3 (H3): Self-compassion serves as a mediator in the relationship between body dissatisfaction and depression.


[image: Flowchart illustrating relationships among body dissatisfaction, self-esteem, self-compassion, and depression. Arrows show body dissatisfaction influencing self-esteem and self-compassion, which then affect depression. Direct and indirect paths are represented by different lines and labels.]
FIGURE 1
 Mediation modeling of body dissatisfaction on depression. a1 and b1 are indirect effect 1, a2 and b2 are indirect effect 2, c′ is direct effect, c is total effect.




2.2 Measurements
 
2.2.1 Body dissatisfaction

Body dissatisfaction was assessed using the Negative Physical Self Scale, devised by Chen (26). This scale features 54 items that span various aspects of physical self-perception, including overall appearance, fatness, shortness, facial looks, and thinness. Participants rate their agreement with each item on a 5-point scale from 0 (not at all like me) to 4 (very much like me). Sample items include, “I am very distressed when I think about my weight,” “If it is possible, I will change the way my face looks.” The scale is reliable, with a test-retest reliability coefficient of 0.89 over a 3-week period, and a Cronbach's alpha of 0.86, indicating strong internal consistency. For this study, we focused on three specific dimensions relevant to PCOS symptoms—overall appearance (6 items), facial looks (12 items), and fatness (12 items). A score average below 2 indicates lower dissatisfaction, whereas a score of 2 or above indicates higher dissatisfaction, with higher scores representing greater body dissatisfaction.



2.2.2 Depression

Depression was measured using the Center for Epidemiologic Studies Depression Scale (CES-D), developed by Radloff (27, 28). This 20-item self-report scale assesses the frequency of depressive symptoms over the past week, including restless sleep and feelings of loneliness, with responses ranging from 0 (rarely) to 3 (most or almost all the time). Scores range from 0 to 60, where higher scores indicate more frequent depressive symptoms. The scale includes a cutoff score of 16 to identify individuals at risk for depression and is noted for its high internal consistency and adequate test-retest reliability. It is applicable across various age groups (29).



2.2.3 Self-esteem

Self-esteem was evaluated using the shortened version of Rosenberg's Self-Esteem Scale (SES) from 1965 (19). This 10-item scale measures self-worth with items rated from 1 (strongly disagree) to 4 (strongly agree), where higher scores reflect higher self-esteem. The SES is particularly noted for its high internal consistency, with a Guttman scale coefficient of reproducibility of 0.92 and test-retest reliabilities of 0.85 and 0.88, demonstrating excellent stability.



2.2.4 Self-compassion

Self-compassion was evaluated using the revised Self-Compassion Scale for Adolescents, based on Neff's original framework and adapted by Gong et al. (30). This instrument consists of 12 items distributed among three dimensions: self-kindness, common humanity, and mindfulness. Each item is rated on a 5-point scale ranging from 1 (almost never) to 5 (almost always). Higher scores on this scale indicate greater levels of self-compassion. The scale has demonstrated robust internal consistency, evidenced by a Cronbach's alpha of 0.770.




2.3 Data collection
 
2.3.1 Diagnostic criteria

The diagnostic criteria for adolescents with PCOS in this study were based on the guidelines established by the American Society for Reproductive Medicine and the European Society of Human Reproduction and Embryology (31, 32). These guidelines include: (1) Ultrasonographic Evidence: The diagnosis requires the presence of polycystic ovaries, either through an ovarian volume exceeding 10 cm3 or by identifying at least 12 follicles with diameters ranging from 2 to 9 mm on one or both ovaries. (2) Clinical Evidence of Hyperandrogenism: Diagnosed through elevated blood androgen levels. (3) Menstrual History: A history of menstruation for at least 2 years with infrequent or absent periods is required.

For hyperandrogenism in this study, diagnosis was based on androgen levels measured in our laboratory and compared with established local norms for women of reproductive age (33). Hyperandrogenism was confirmed if dehydroepiandrosterone sulfate levels were above 8.71 mmol/L or testosterone levels exceeded 0.48 mg/L. The severity of acne was assessed using the Pillsbury classification system, with scores from 3 to 5 indicating moderate cystic acne, scores from 1 to 2 indicating mild acne, and a score of 0 indicating no acne (34). The presence of hirsutism was evaluated using the modified Ferriman-Gallwey (mF-G) scoring system, as recommended by the WHO, with a score >6 confirming hirsutism (35).



2.3.2 Sample and procedure

Puberty is typically characterized as the period between the ages of 10 and 20 (36). This cross-sectional study was conducted on adolescents aged 15 to 20 years who had been diagnosed with PCOS. The diagnostic criteria for PCOS include having at least 2 years of menstruation and typically experiencing menarche between the ages of 12 and 16 years. The research was carried out at Shanghai First Maternity and Infant Hospital between January 2020 and December 2021. Prior to completing the questionnaire, all participants provided written informed consent. The studies involving human participants were reviewed and approved by the Ethics Committee of Shanghai First Maternity and Infant Hospital. The research adhered to the “Measures for Ethical Review of Biomedical Research Involving Human Beings (Trial)” issued by the Ministry of Health, as well as the relevant provisions of the Declaration of Helsinki pertaining to biomedical experiments on human subjects.

The study's inclusion criteria encompassed: (1) meeting the recognized diagnostic criteria for polycystic ovarian syndrome in teens. (2) Women aged 15 to 20. (3) Absence of any previous ovarian surgery within the last 6 months. (4) No administration of drugs that impact the endocrine system within the previous 3 months. (5) A minimum level of literacy at the elementary school level is required to ensure that the questionnaires can be completed without assistance. (6) After receiving comprehensive information on the study and have acquired explicit consent from the participant or their family.

The exclusion criteria encompassed: (1) The presence of diseases that result in heightened levels of androgens, such as diabetes mellitus, adrenal hyperplasia, Cushing's syndrome, or androgen-producing tumors. Additionally, other disorders that lead to ovulation disorders, such as hyperprolactinemia, premature ovarian failure, hypothalamic-pituitary amenorrhea, or thyroid dysfunction, are also considered exclusion criteria. (2) The inclusion of individuals with psychiatric problems that could potentially impact the study outcomes, insufficient clinical data, or participants who were lost to follow-up. (3) Congenital hypoplasia or malformation of the reproductive organs refers to a condition where the reproductive organs are underdeveloped or have structural abnormalities present from birth. (4) Severe problems affecting the kidneys, liver, heart, or blood. (5) Diseases that could impact the outcomes of the study, compromise the integrity of clinical data, or lead to loss of participants during the study period.



2.3.3 Survey method

The required sample size for this study was calculated using the formula: n = ([image: Mathematical expression showing Z subscript a squared and pi.](1-π))/δ2 (37). Based on literature, the estimated incidence of depression among individuals with PCOS is approximately 20% (38). Consequently, we used π = 20% for our sample size calculations. We set the allowable error, δ, at 5% to ensure adequate research precision. Given a 95% confidence interval with α = 0.05, the initial calculation required a sample size of 245 individuals. Anticipating a potential dropout rate of 20% (39), we adjusted the final sample size to 300 individuals to maintain statistical power.

The questionnaire for this study included sections on demographic information (such as age, height, and weight), along with measures for body dissatisfaction, self-esteem, self-compassion, and depression. We distributed a total of 300 questionnaires and received 287 valid responses, achieving a response rate of 95.7%. This high response rate indicates strong engagement and interest from the participants and adds robustness to the study findings.




2.4 Statistical analysis

Data were analyzed using IBM SPSS Statistics version 23.0 for Windows (IBMCorp., Armonk, NY, USA) and Andrew F. Hayes' PROCESS version 3.4.1 macro program's Model 4.

In this study, we first analyzed the general characteristics of participants. Continuous variables were presented as mean and standard deviation (M ± SD), and categorical variables displayed as frequency (n) and percentage (%). Secondly, correlation analysis was conducted to explore the relationships among body dissatisfaction, self-esteem, self-compassion, and depression.

Mediation analysis permits examination of process, allowing the research to investigate by what means X exerts its effect on Y (40). Thus, the third step, we used a parallel mediation model to assess the mediating roles of self-esteem and self-compassion on the relationship between body dissatisfaction and depression. The mediation method required the following conditions (Figure 1): (1) Body dissatisfaction was significantly associated with depression (total effect: c coefficient). (2) Body dissatisfaction was significantly with self-esteem (a1 coefficient) and self-compassion (a2 coefficient). (3) When controlling for body dissatisfaction, self-esteem (b1 coefficient) and self-compassion (b2 coefficient) was significantly with depression. (4) When controlling for self-esteem and self-compassion, the relationship between body dissatisfaction and depression was reduced (direct effect: c′coefficient). The proportions mediated were determined by dividing the indirect effect (a1*b1, a2*b2) by the total effect (c coefficient) (41). All tests utilized the bias-corrected percentile bootstrap method, repeated 5000 times, calculating 95% confidence intervals (CIs). Significance was determined if CIs did not include 0 (42). The level of statistical significance was set at p < 0.05.




3 Results


3.1 Participant characteristics

Table 1 summarizes the demographic characteristics of the study participants. On average, participants were 18 years old with a mean body mass index (BMI) of 21 kg/m2. Specifically, among the study group, 70 patients (24.39%) were reported to have acne, 56 (19.51%) had hirsutism, and another 56 (19.51%) exhibited acanthosis nigricans.


TABLE 1 Demographic characteristics for the study subjects (N = 287).

[image: Table displaying variables with categories, mean counts, and standard deviation or percentages. Variables include age, BMI, acne, hirsutism, and acanthosis nigricans. Age has a mean of eighteen and a standard deviation of one point two seven. BMI shows a mean of twenty-one and a standard deviation of three point zero two. Acne, hirsutism, and acanthosis nigricans have "Yes" and "No" categories with corresponding counts: Acne Yes (70, 24.39%), No (217, 75.61%); Hirsutism Yes (56, 19.51%), No (231, 80.49%); Acanthosis nigricans Yes (56, 19.51%), No (231, 80.49%).]

Table 2 provides the characteristics of body dissatisfaction, depression, self-esteem, and self-compassion among adolescents with PCOS. The average score for body dissatisfaction was 2.50 (standard deviation, SD = 0.71), with 73.52% of participants expressing dissatisfaction with their body image. In detail, the scores for satisfaction with overall appearance, fatness, and facial looks were 2.79 (SD = 0.83), 2.45 (SD = 0.89), and 2.41 (SD = 0.83) respectively. The average score for depression was 16.88 (SD = 10.70), indicating that 48.78% of participants showed symptoms of depression. Additionally, the average scores for self-esteem and self-compassion were 27.32 (SD = 4.67) and 39.26 (SD = 6.84), respectively.


TABLE 2 Descriptive statistics in body dissatisfaction, depression, self-esteem and self-compassion (N = 287).

[image: Table displaying various psychological variables with their mean, standard deviation, range, categories, and corresponding frequencies. Variables include body dissatisfaction, overall appearance, fatness, facial looks, depression, self-esteem, and self-compassion. Frequencies and percentages are given for satisfied and dissatisfied categories, with depression categorized into none and possible.]



3.2 Correlation analysis

Table 3 presents the correlation analysis results, exploring the relationships among body dissatisfaction, self-esteem, self-compassion, and depression. Body dissatisfaction showed a significant positive correlation with depression (r = 0.586, p < 0.001). In contrast, body dissatisfaction negatively correlated with self-esteem (r = −0.518, p < 0.001) and self-compassion (r = −0.474, p < 0.001). Moreover, depression also showed significant negative correlations with self-esteem (r = −0.699, p < 0.001) and self-compassion (r = −0.619, p < 0.001).


TABLE 3 Correlation matrix of body dissatisfaction, self-esteem, self-compassion and depression (N = 287).

[image: Correlation table showing relationships between body dissatisfaction, self-esteem, self-compassion, and depression. Strongest correlations: depression with self-esteem (-0.699) and self-compassion (-0.619). All correlations significant at p < 0.001. Controlled for age, BMI, acne, hirsutism, and acanthosis nigricans.]



3.3 Mediation effects

Table 4 illustrates the results of a mediation analysis that controlled for age, BMI, acne, hirsutism, and acanthosis nigricans to explore the roles of self-esteem and self-compassion as mediators in the relationship between body dissatisfaction and depression. In Model 1 and Model 2, body dissatisfaction positively predicted depression (β = 9.184, p < 0.001) and negatively impact self-esteem (β = –3.608, p < 0.001) and self-compassion (β = −4.795, p < 0.001). In Model 3, which included all three variables simultaneously, showed that body dissatisfaction had a significant positive effect on depression (β = 4.254, p < 0.001). Self-esteem (β = −0.944, p < 0.001) and self-compassion (β = −0.318, p < 0.001) exhibited significant negative effects on depression. Model 3 explained 60.6% of the variance in depression (Adjusted R2 = 0.606, F = 55.961, p < 0.001).


TABLE 4 Result of mediating effect analysis (N = 287).

[image: A table presents three regression models predicting depression, self-esteem, and self-compassion. Model 1 shows variables like BMI and body dissatisfaction are significant predictors of depression. Model 2 highlights BMI and body dissatisfaction significantly affecting self-esteem. Model 3 indicates body dissatisfaction, self-esteem, and self-compassion significantly impact depression. Statistical significance is noted, with asterisks indicating p-values. R-squared and adjusted R-squared values are provided for each model, measuring explained variance. F-values indicate overall model significance.]

Table 5 provides the significance of the mediating effects of self-esteem and self-compassion. The total effect of body dissatisfaction on depression was statistically significant [β = 9.184, 95% CI = (7.695, 10.674)], supporting H1. The total indirect effect was also statistically significant [β = 4.930, 95% CI = (0.250, 0.402)], with the contributions of self-esteem [β = 3.405, 95% CI = (0.151, 0.305)] and self-compassion being [β = 1.525, 95% CI = (0.045, 0.165)], supporting H2 and H3. These mediation effects accounted for 37.07% and 16.61% of the total effect, respectively.


TABLE 5 Significance test of mediating effects (N = 287).

[image: Table showing mediation analysis results. Direct effect: beta 4.254, SE 0.728, CI [2.828, 5.681]. Total indirect effects: beta 4.930, SE 0.039, CI [0.250, 0.402]. Indirect effect 1: beta 3.405, SE 0.039, CI [0.151, 0.305], mediation 37.07%. Indirect effect 2: beta 1.525, SE 0.031, CI [0.045, 0.165], mediation 16.61%. Total effect: beta 9.184, SE 0.760, CI [7.695, 10.674]. Significance level p less than 0.001.]




4 Discussion

To our knowledge, this is the first study to use mediation analysis to explore the role of self-esteem and self-compassion in the relationship between body dissatisfaction and depression among adolescent with PCOS. Mediation modeling is crucial as it helps to elucidate the underlying mechanisms through which body dissatisfaction influences depression. By identifying self-esteem and self-compassion as key mediators, our study provides a deeper understanding of these psychological processes, which is pivotal for developing effective prevention and intervention strategies aimed at improving mental health outcomes for PCOS patients.

Our results identified a significant positive correlation between body dissatisfaction and depression in adolescents with PCOS, aligning with the findings of Paxton et al. (43). Specifically, the study indicated that higher levels of dissatisfaction with body appearance correlated with more pronounced depressive symptoms. Body dissatisfaction typically arises from a significant disparity between one's expected and actual appearance. Societal beauty standards, often extensively promoted by the media, such as idealizing thinness and beauty, exert substantial pressure on individuals. This study showed that the average self-evaluation scores for body fatness and facial looks in adolescents with PCOS were above 2 points, reflecting their dissatisfaction with their body shape and looks. Furthermore, individuals often compare themselves to others; however, when such comparisons are based on unrealistic standards, they usually lead to reduced body satisfaction, feelings of inferiority, and negative emotions (44). Previous research has shown that about 60% of adolescents report body dissatisfaction (45), with adolescent girls particularly exhibiting lower levels of body satisfaction (46). Moreover, adolescents with PCOS typically exhibit even lower body satisfaction levels compared to their healthy counterparts (9, 11). Depression can stem from various sources, including low mood and negative life events (47). As body dissatisfaction is a manifestation of negative emotions, higher levels of body dissatisfaction increase the likelihood of experiencing depression. Numerous studies with adolescent girls have demonstrated that body dissatisfaction can positively predict the onset of depression (48, 49). These studies emphasize the importance of promoting an objective, realistic, and positive body image among adolescents to support their mental health. Therefore, it is essential to implement prevention and intervention measures to reduce the risk of depression.

The results of mediation analysis showed that self-esteem partially mediated the relationship between body dissatisfaction and depression, accounting for 37.07% of the total effect. This aligns with the research of Jiang et al. and Bazarganipour et al. (9, 50). Specifically, higher levels of body dissatisfaction were associated with lower self-esteem and more pronounced depressive symptoms. Previous research has shown that negative evaluations of one's body can reduce self-esteem in adolescents, thereby affecting their physical and mental health development (51). This is particularly relevant during adolescence, a period when individuals undergo significant physical changes and become increasingly conscious of their social appearance. For those with PCOS, symptoms like obesity, acne, hirsutism, and acanthosis nigricans can adversely affect their body image, leading to increased social ridicule, rejection, and diminished life satisfaction, which in turn impact their self-esteem and contribute to the development of depression (52). These findings support the vulnerability-stress model of depression, which suggests that not all individuals with body dissatisfaction will develop severe depression. The likelihood of depression depends on other factors, such as self-esteem and attribution style. Those with lower levels of these qualities may require less stress to trigger depressive symptoms (53). Therefore, to improve self-esteem in PCOS patients, interventions can start by helping patients identify and change negative thought patterns and behaviors through cognitive-behavioral therapy (CBT), thereby fostering more positive self-perception. Additionally, promoting a healthy lifestyle through balanced nutrition and regular exercise can enhance body image, further boosting self-esteem. Finally, strengthening social support for PCOS patients by providing education on PCOS and its psychological impacts can increase patients' understanding and self-management abilities, reduce misunderstandings and fears, and ultimately enhance self-efficacy and self-esteem.

Moreover, the study revealed that self-compassion also played a partial mediating role in the relationship between body dissatisfaction and depression, accounting for 16.61% of the total effect. This finding is consistent with the research by Liu and Zhang and Hua (54, 55). Specifically, higher levels of body dissatisfaction were linked to lower self-compassion and more pronounced depressive symptoms. Previous studies have suggested that body dissatisfaction can indirectly predict depression through the mediating role of self-compassion (55). In contexts such as breast cancer, self-compassion has been found to mediate the relationship between body image and distress (56). The mediating effect of self-compassion is based on the critical self-perception associated with body dissatisfaction, while self-compassion promotes a more accepting and kind attitude toward oneself. This approach helps adolescents with PCOS adopt a more inclusive perspective, reducing excessive focus on or identification with disliked body images and preventing deep immersion in distress. As a result, it alleviates body dissatisfaction, body shame, and ultimately reduces the occurrence of depression (53). Individuals with high levels of self-compassion are more likely to resist the influence of media promoting an “ideal thinness” culture and negative evaluations or ridicule about their body image. They are better equipped to maintain a positive evaluation of their physical appearance and experience fewer negative emotions (57). Therefore, it is vital to enhance the self-compassion levels of adolescents with PCOS patients. Firstly, self-compassion training through practices such as self-care exercises and mindfulness meditation can help patients be kinder to themselves in the face of difficulties, reduce self-criticism, enhance psychological resilience, and improve emotional regulation, thereby increasing self-compassion. Secondly, improving public understanding and acceptance of PCOS, providing more mental health resources and support services, and enhancing the support from family and friends can offer greater care and assistance to PCOS patients. This can reduce their feelings of shame and improve overall quality of life.

This study also discovered that both self-esteem and self-compassion play crucial roles in mediating the relationship between body dissatisfaction and depression. While self-esteem had a slightly stronger mediating effect, both factors are indispensable, consistent with the findings of Zhu et al. (58). Self-esteem and self-compassion are personality traits that significantly contribute to reducing depression and fostering a positive outlook on life. Self-esteem often relies on comparisons with others, while self-compassion highlights the importance of self-satisfaction without the need for comparison. These two traits are inherently correlated, with individuals possessing high self-compassion also tending to have high self-esteem (59, 60). Therefore, addressing both physical symptoms of PCOS and psychological aspects like self-esteem and self-compassion can lead to more comprehensive care. Healthcare providers can develop multifaceted treatment plans that include psychological support alongside medical treatment for PCOS. Schools and community programs can incorporate activities and workshops to promote positive body image and mental health resilience. Policy-makers can advocate for the inclusion of psychological wellbeing measures in routine care for adolescents with PCOS.

This study had some limitations. Firstly, it focused on subjective cognitive factors such as self-esteem and self-compassion as mediators between body dissatisfaction and depression. Other factors, such as social support and mass media, also impact body satisfaction and depression. Future studies will explore the role of these additional factors in the relationship between body dissatisfaction and depression. Secondly, this study specifically analyzed adolescents with PCOS and did not include a control group of non-PCOS individuals of the same age. Future studies will incorporate a control group to provide supplementary evidence. Finally, In China, a unified consensus on diagnostic criteria for adolescents with PCOS has not yet been established. Therefore, this study utilized the criteria based on Shanghai First Maternity and Infant Hospital. Future studies will continue to be strengthened to enhance the accuracy of diagnosing adolescents with PCOS.



5 Conclusion

This study examined the roles of self-esteem and self-compassion in the relationship between body dissatisfaction and depression among adolescents with PCOS. The findings revealed that self-esteem and self-compassion partially mediated this relationship. The clinical significance of this study lies in its potential to inform better mental health support strategies for adolescents with PCOS. By identifying self-esteem and self-compassion as mediating factors, healthcare providers can develop targeted interventions that not only address body dissatisfaction but also enhance overall mental health, thereby reducing the risk of depression in this vulnerable population.
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Objective: Experienced 3 years of pandemic-induced home life, in the post-epidemic period, preschoolers in China are falling short of the World Health Organization’s standards for screen time and outdoor activities. This notably impacts their physical well-being. The study aims to probe the associations between screen time, outdoor activities, and the physical health of preschoolers, offering insights to shape interventions targeting myopia and obesity prevention in children.
Methods: A cross-sectional study was conducted in Guangdong Province, involving a representative sample of 23,992 preschoolers and their caregivers recruited through proportional stratified cluster sampling. Data collection utilized the Chinese Early Human Capability Index (CHeHCI, eHCi), a questionnaire on children’s media use in daily family life, and Body Mass Index (BMI). Linear regression and binary logistic regression models were employed to analyze the impact of screen time and outdoor activity duration on the physical health of preschoolers.
Results: In the high family socioeconomic status (SES) group, children had significantly less screen time compared to those in the medium and low SES groups. Outdoor activity time varied significantly based on SES, with higher SES linked to extended outdoor engagement. Additionally, children’s eHCi health dimension score exhibited significant SES-related differences, showcasing higher scores for children in higher SES groups. In terms of gender differences, boys dedicated significantly more time to outdoor activities than girls, yet boys had a notably higher overweight rate. Furthermore, girls demonstrated better health outcomes based on eHCi health scores. A significant association emerged between overweight and screen time in children with high SES, indicating that prolonged screen time was linked to a higher likelihood of overweight based on BMI. Additionally, a substantial negative correlation was observed between children’s eHCi health dimension score and screen time. Furthermore, children’s outdoor activity time exhibited a significant positive correlation with eHCi health dimension score. Regression analysis revealed that screen time could significantly negatively predict children’s physical health score, while outdoor activity time could significantly positively predict children’s eHCi physical health score.
Conclusion: The current study highlights that family SES, age, and gender play pivotal roles in influencing preschoolers’ screen time and outdoor activity duration, with family SES being particularly influential. Higher family SES correlates with reduced screen time, increased outdoor activity, and elevated health levels among children. Importantly, children’s screen time negatively predicts their health status, while outdoor time positively predicts their health status.
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1 Introduction

Health behaviors established during the ages of 3–6 constitute pivotal determinants influencing the subsequent well-being of children. In recent years, health issues prevalent among children, including conditions like obesity and myopia, exhibit a concerning trend characterized by increased incidence at younger ages (1, 2). These conditions exert a substantial impact on the physical and mental health of children, prompting heightened societal attention (3, 4). Research findings underscore that augmented screen time and diminished engagement in physical activity emerge as critical factors contributing to prevalent health issues among children, encompassing concerns such as overweight, obesity, and myopia (5, 6).

Screen time refers to the duration during which individuals focus their attention on electronic devices with screens (7). Meta-analyses have revealed that excessive screen time increases the risk of overweight or obesity in children, with a daily screen time exceeding 2 h exacerbating this risk (8, 9). Furthermore, prolonged screen time may result in the deprivation of sleep, a reduction in physical activity, and subsequent adverse effects on physical health (10). The health standards established by the World Health Organization (WHO) for physical activity and sedentary behavior in children under 5 are explicit. Children aged 1–2 are recommended to engage in a minimum of 3 h of daily physical activity, with screen time not exceeding 1 h. Between the ages of 3 and 5, the recommendation is to participate in at least 1 h of moderate to high-intensity physical activity per day, with a screen time not exceeding 1 h (11, 12). Additionally, the American Academy of Pediatrics underscores the importance of limiting screen time to no more than 2 h per day for children above 2 years old, while those under 2 years old are discouraged from any screen exposure (13).

Surveys conducted in various regions reveal concerning trends, indicating that more than half of young children excessively use screens. Moreover, domestic scholars have conducted surveys and studies on the physical activity levels of 3–5-year-old children in Nanchang, Nanjing, and Beijing. Findings indicate that the compliance rate for model to vigorous physical activity (MVPA) for 3–6-year-old children in Jiangxi ranges from 45 to 61% (14). In Jiangsu, the average MVPA duration for 3–6-year-old is 58 min, with a compliance rate of about 43% (15). Notably, the compliance rate for MVPA in five kindergartens in Beijing exceeds 90% (16). This underscores an unfavorable compliance status regarding healthy behaviors such as screen time and physical activity among young children in China, marked by significant regional variations. Further analysis suggests that these disparities may be attributed to differences in family SES (17, 18).

Family SES exerts a significant influence on the overall well-being of preschool children (19, 20). Those hailing from families with higher SES are more likely to access resources encompassing education, recreation, and entertainment (21–23). This increased access affords them opportunities to engage with a diverse array of stimuli and participate in outdoor activities, consequently contributing to a reduction in screen time among children. Existing research suggests that outdoor activities, as integral components of physical activity, positively correlate with children’s physical health (24). The greater the duration of outdoor activity, the higher the index of children’s physical health (9). Despite these insights, it remains uncertain whether variations exist in screen time and outdoor activities among preschool children across diverse SES, genders, and age groups within different family contexts. In addition, it is still unclear how different family socioeconomic levels affect the BMI and eHCi of preschool children of different ages and genders. Considering that excessive screen time and less time outdoors may have an impact on preschoolers’ physical health, while numerous studies have explored the interplay between family social status, physical activity, and screen time among preschool children (25–27), the specific relationships among outdoor activity time, screen time, and the overall physical health of preschoolers under distinct family social statuses remain unclear.

Building upon this foundation, the study initially comprehensively assessed the family’s social status, screen time, outdoor activity duration, and the fundamental health status of preschool children. Then, it conducted an analysis to discern the influence of varying family SES, gender, and age among preschool children on screen time, outdoor activities and physical health. Compared with previous studies, based on the physical health of preschool children, this study analyzed in more detail the gender differences and age differences in outdoor time, screen time, BMI and physical health index eHCi of preschool children under different family socioeconomic levels. When measuring the physical health status of children, in addition to using the commonly used BMI in previous studies, this study exploratory used the health dimension in the Chinese Early Human Capability Index (eHCI), making the exploration of children’s physical health more comprehensive and in-depth. Finally, the investigation delved into unraveling the intricate relationship between outdoor activity duration, screen time, and the physical health of preschool children within diverse family social statuses.

The underlying assumption posits potential disparities in the impact of screen time and outdoor activities among preschool children contingent on differing SES, genders, and age groups across various family settings. Furthermore, the hypothesis anticipates that preschool children hailing from low SES families may exhibit elevated screen time coupled with diminished outdoor activity duration, consequently manifesting weaker physical health in comparison to their counterparts from families with medium to high SES. In contrast, school-age children within the middle to high socioeconomic strata are anticipated to display reduced screen time, augmented outdoor activity duration, and consequently, enhanced physical health compared to their peers with lower SES.



2 Materials and methods


2.1 Study design

This study is a cross-sectional study, using survey data from the 20182019 Guangdong Kindergarten Children’s Educational Experience and Family Life Survey Project led by the research team of Guangdong Preschool Education Teacher Training Center and Beijing Normal University. The core team of this project brings together multiple researchers across fields, institutions, and methodologies. It aims to explore the educational experience and family life status of preschool children in China from a broader perspective. This survey covers kindergartens in 12 cities in Guangdong Province, including the west coast of the Pearl River Delta, the Pearl River Delta, the central area of the Pearl River Delta, the east wing, the west wing, and the mountainous area. The reason why Guangdong Province is chosen for the study is mainly because Guangdong Province is located in the southern coastal area of China and has a wide area. According to Qipu data, the province’s population ranks first in China and the population composition is complex, with many local indigenous people, while the total size of the migrant population is as high as 29.62 million, accounting for 23.5% of the total population, ranking first in the country, and the floating population is more. In addition, there is a large difference in the economy of the province, and even a pattern of “one province and three worlds.” From the perspective of per capita GDP, the per capita GDP of Shenzhen, the “richest,” is 29,900 US dollars, which is more than seven times that of Meizhou in the same province (3,996 US dollars). This also laid a certain foundation for the analysis of SES divided into three groups: high, middle, and low.

Then stratified sampling was carried out according to ownership and quality level of kindergartens. About 10–20 kindergartens were selected from each city, and three classes were selected from each kindergarten (one for each primary school and one for each major school). All teachers and principals of the sampled kindergartens were enrolled, and all parents of the sampled classes were enrolled.

In addition, in order to improve the representativeness of the sample, the research team tried to meet the following sampling requirements: (1) Economic development level of the park: covering different districts, counties, communities, or streets with good, medium, and poor local economic development level; (2) Urban and rural distribution of parks: at least one township central park or rural kindergarten should be selected from each place; and (3) Kindergarten size: under the same conditions, priority will be given to kindergartens with six or more classes.



2.2 Participants

According to the stratified sampling principle, parents of each child were contacted by teachers of the sampled class teachers and asked to fill out an electronic questionnaire. Because this questionnaire is based on the survey of the overall situation of the family, only one person in a family can fill out the questionnaire. This questionnaire is mainly presented in the form of electronic questionnaire, which is sent by the teacher of the sample class to the parents of each child, and the parents are asked to send the screenshot to the teacher after the answer is finished, so as to ensure that every sample family must fill in the questionnaire to the greatest extent.

Due to the wide coverage and large sample size, parents who answered the questionnaire could not be interviewed at the school, so the project team explained and trained the principal of the sample, and then the principal trained the teachers of the sample class, and finally the teachers explained the parents in detail. All data are anonymized to ensure the privacy of each parent and child. There is a paragraph of information before the questionnaire, which is regarded as informed consent, without a separate signed informed consent. Data were collected from 26,621 kindergarten children and their parents, equal proportion stratified cluster sampling was used in this study. After deleting invalid questionnaires and eliminating outliers according to box plot, 23,992 valid questionnaires were obtained, and the effective questionnaire recovery rate was 90.12%. Among them, there are a total of 12,835 males and 11,157 females. There are a total of 2,983 children aged 3; 7,782 children aged 4; 7,586 children aged 5, and 5,110 children aged 6.



2.3 Measurements


2.3.1 Family questionnaire on children’s multimedia usage

In the data collection process, we utilized the Family Questionnaire on Children’s Multimedia Usage, specifically designed to investigate screen time among kindergarten children. This questionnaire was adapted from the British Children’s Multimedia Use Survey, the American Children’s Multimedia Use Survey for ages 0–8, and a survey on children’s multimedia use in Beijing conducted by Li and Wang (28). Comprising four distinct aspects, this study primarily focused on the section related to “children’s multimedia use at home,” encompassing a total of four questions and 33 items. The pivotal query, “Children’s daily family life allocation,” was employed to gauge children’s daily screen time and outdoor activity time. The survey employed an eight-point scoring method, with 1 indicating 0 min and 8 denoting 2 h or more. The internal consistency of this scale was robust, with the main variable was 0.79 in our study.



2.3.2 Children’s ability index scale

We assessed the physical health of kindergarten children using the Early Human Capacity Index, with the Chinese version developed and adapted by the Shanghai Children’s Medical Center and China Development Research Foundation under the guidance of Sally Brinkman (29). This scale, featuring nine dimensions and 60 questions, was primarily focused on the physical health dimension in this study, incorporating four items such as “Whether the child often gets sick” and “Whether the child has a disability or special needs.”

These specific items served as indicators of physical health in our survey, and responses were recorded using a “Yes/no” binary scoring method, where 1 indicated “Yes” and 0 indicated “no.” Prior analyses indicated that a higher mean of all questions correlated with a higher level of development in children’s health dimensions. However, it is noteworthy that, based on the reliability and validity test of the Chinese version of the tool, the reliability coefficient for the subscale related to the physical health dimension was relatively low (α = 0.18) (30). In our study, the reliability coefficient for this dimension is 0.26. Considering that the child’s body mass index is a crucial indicator for assessing their health, this dimension, serving as the outcome variable, we will be combined with the child’s body mass index to further explore the physical health status of children.



2.3.3 Children’s body mass index

Body mass index of a child is calculated by dividing their weight by the square of their height (kg/m2), with the child’s height (cm) and weight (kg) reported by a parent or caregiver. In this study, the physical health status of children was evaluated based on the Body Mass Index standard for children aged 3–6, as outlined by the World Health Organization (WHO), to ascertain whether they fell within the overweight category. This criterion, endorsed by the World Health Organization, has been consistently applied in previous research to gauge the health status of preschool children (31, 32).



2.3.4 Family socioeconomic status

Drawing on the findings from prior research, which underscored associations between family SES and children’s screen time, this study incorporates family SES as a control variable. The creation of the Family SES Index adhered to the methodologies employed by Ren (33) in conjunction with the technical report of the International Student Assessment Project PISA 2009 (34). Employing principal component analysis, factors such as education level, annual family income, and occupational class were identified to ensure consistency. Utilizing the formula SES = (0.58 * highest education level + 0.59 * highest occupational class +0.55 * monthly average family income)/0.63, the corresponding socio-economic status value for the child’s family was computed. A higher SES value indicates a higher social status for the child’s family. Because the questionnaire focuses on the family as a whole rather than the respondent’s own situation, the study measures the age of the parents, the number of children in the family, and the family structure in terms of demographic variables. Detailed data are shown in Table 1.



TABLE 1 Age of parents, family structure, and number of children in the family.
[image: Table comparing parental age, family structure, and number of children by socioeconomic status (SES). For low SES, the average ages are 34.81 (father) and 32.36 (mother) with 2,376 nuclear and 3,450 extended families, averaging 2.03 children. Middle SES shows ages 35.38 (father) and 32.99 (mother), with 4,677 nuclear and 7,219 extended families, averaging 1.77 children. High SES has ages 36.97 (father) and 34.49 (mother), with 2,456 nuclear and 3,814 extended families, averaging 1.67 children. Totals are ages 35.66 (father) and 33.23 (mother), with 9,509 nuclear, 14,483 extended families, and 1.8 children.]




2.4 Statistical analysis

Stata 15.0 software was employed for the normal analysis and variance homogeneity test of all data. The collected data underwent several analyses. Descriptive analyses were utilized to examine the SES, screen time, outdoor activity time, and health of preschool children in Guangdong Province. To explore the similarities and differences in outdoor activity time, screen time, and physical health among kindergarten children based on varying family SES, age, and gender, ANOVA and Chi-square tests were conducted. Levene’s test was applied to assess the equality of variances across groups, followed by the Bonferroni’s post hoc test. Correlation analysis was employed to discern the relationship between outdoor activity time, screen time, and physical health. Additionally, linear regression and binary logistic regression analyses were carried out to delve into the predictive outcomes of screen time and outdoor activity time on children’s physical health.




3 Results


3.1 Feature analysis of SES, screen time, time spent outdoors, and child health in preschool children

In this study, preschool children were classified into three groups based on their SES values: the low SES group (SES values lower than the lower quartile; N = 5,826), the high SES group (SES values greater than the higher quartile; N = 6,270), and the middle SES group (SES values between the lower quartile and the higher quartile; N = 11,896). Detailed data regarding screen time, outdoor activity time, and child health for preschoolers in these SES groups are presented in Tables 2, 3.



TABLE 2 The screen time, time spent outdoors, and eHCi health dimensions in children with different family SES ([image: A black and white stick figure appears to be sitting with legs extended, possibly representing a reclining position or relaxation.]±s).
[image: Table detailing screen time, outdoor activity time, and health scores for children aged three to six, categorized by socioeconomic status (SES) groups—low, middle, and high. Data are separated by gender and age, with the total number of participants for each group provided. Health scores are represented by the early human capacity index (eHCi). Total counts for each SES group are listed, offering a comprehensive view of children's activities and health metrics.]



TABLE 3 The overweight and normal-weight body mass index of children in the different family SES [N(%)].
[image: Table comparing overweight and normal weight status among girls and boys aged three to six years from different socioeconomic status (SES) groups: low, middle, and high. The total counts and percentages of overweight and normal weight children are provided for each age and SES group.]

For the assessment of children’s body mass index, as per previous studies, it was categorized into two dimensions: non-overweight and overweight. It is noteworthy that, due to anomalies in the weight data, the sample size for children’s screen time, outdoor time, health dimension score of eHCi, and family SES was 23,992 children, while the sample size for body mass index was 19,944 children.

The data revealed that the daily screen time for all children was 109.41 ± 92.9 min. The screen time for children in the middle and low SES groups was comparable (middle SES groups vs. low SES groups: 112.72 ± 94.52 vs. 112.53 ± 93.82), respectively, with the screen time for children in the high SES group being the lowest (100.21 ± 88.2 min). Overall, 15,761 (65.69 percent) children exceeded the 1-h screen time recommendation by the American Association of Pediatrics. Among them, 8,052 (67.69%) children in the middle SES group and 3,900 (66.94%) children in the low SES group had more than 1 h of screen time, while the minimum proportion of 3,809 (60.75%) children in the high SES group exceeded 1 h of screen time.



3.2 Differences in screen time, outdoor activity time, and child health among SES groups, ages, and genders


3.2.1 SES difference

In this study, disparities in screen time, outdoor time, body mass index, and health dimension scores of eHCi among children in various SES groups were investigated. Screen time, outdoor activity time, and eHCi health dimension scores served as observational variables, with the SES group of children employed as the independent variable for ANOVA are presented in Tables 2, 3.

Our findings revealed a significant reduction in the screen time of children in the high SES group compared to those in the middle and low SES groups (p < 0.001). Furthermore, children’s outdoor activity time exhibited a notable difference across SES groups (p < 0.001), with higher SES associated with prolonged outdoor activity time. Additionally, the health dimension score of children’s eHCi also displayed significant variations based on SES (p < 0.001), indicating that higher SES correlated with elevated health dimension scores in children’s eHCi. As body mass index was dichotomized into overweight and non-overweight variables in this study, the Chi-square test was utilized to explore the SES group differences in body mass index. The results underscored a significant correlation between children’s overweight status and SES groups (p < 0.001).



3.2.2 Gender differences

To examine gender disparities in children’s screen time, outdoor activity time, body mass index, and health dimension scores of eHCi, this study treated screen time, outdoor activity time, and health dimension score of eHCi as distinct observational variables. Children’s gender was considered the independent variable, and independent sample T-test analyses were conducted.

As shown in Table 4, the results revealed no significant gender-based differences in screen time among the three SES groups (p > 0.05). Concerning outdoor activity time, a statistically significant difference emerged between boys and girls (t = 6.77, p < 0.001), with boys spending more time outdoors than girls. This gender disparity remained statistically significant both overall and within SES groups. Notably, the proportion of boys classified as overweight (7.47%) exceeded that of girls (4.17%).



TABLE 4 Differences in screen time, outdoor activity time, and eHCi health dimensions among children in three SES groups.
[image: Table comparing screen time, outdoor activity time, and eHCi health scores among different socioeconomic status (SES) groups. The low-SES group has 2.12 minutes of screen time, 3.32 minutes of outdoor activity, and an eHCi score of -2.63. The middle-SES group shows 0.24 minutes of screen time, 4.55 minutes of outdoor activity, and an eHCi score of -1.85. The high-SES group has 0.52 minutes of screen time, 4.12 minutes of outdoor activity, and an eHCi score of -0.86. Statistical significance is noted.]

Regarding the eHCi health dimension score, statistically significant differences between boys and girls were observed overall and within the middle and low SES groups. Girls exhibited higher eHCi health dimension scores than boys. However, no significant gender difference in the eHCi health dimension score was noted among children in the high SES group (p > 0.05).



3.2.3 Age difference

To assess age-related disparities in children’s screen time, outdoor activity duration, body mass index, and eHCi health dimension scores, ANOVA was conducted are presented in Tables 2, 3. The findings revealed that, concerning screen time, there was an overall increase with the age of children (p < 0.05). Notably, children aged 6 years in the low SES group exhibited significantly higher screen time than their 3-year-old counterparts (p < 0.05). Conversely, for children in the high SES group, there was no statistically significant difference between screen time and age (p > 0.05).

Regarding outdoor activity time, there was a notable overall increase for children aged 4–6 compared to 3-year-old (p < 0.01). In the middle SES group, the outdoor activity time of 5-year-old was significantly higher than that of 3-year-old (p < 0.05). Nevertheless, for children in the high SES group, there was no statistically significant difference in outdoor activity time and age (p > 0.05).

Concerning eHCi health dimension scores, an overall rise was observed with the age of children (p < 0.001). In the low and high SES groups, except for the 3–4 and 5–6 age groups, children’s eHCi health dimension scores exhibited a significant age-related difference (p < 0.001). The older the age, the higher the score of children’s eHCi health dimension.

Chi-square testing indicated no significant difference between children with low SES and high SES (p > 0.05). However, in the middle SES group, the proportion of overweight children gradually decreased with the increase of children’s age, dropping from 7.12% at 3 years old to 4.43% at 6 years old.




3.3 Correlation analysis of screen time, outdoor activity time, and children’s health

To examine the interrelationships between screen time, outdoor activity duration, body mass index, and eHCi health dimension, correlation analysis was employed (refer to Table 5). The outcomes of the Pearson correlation method indicated a significant correlation between overweight and screen time in both the overall children and those in the high SES group (p < 0.001). This implies that a lengthier screen time was associated with a higher likelihood of children being overweight. However, there was no significant correlation between BMI and screen time in the middle and low SES groups. A noteworthy negative correlation (p < 0.001) emerged between children’s eHCi health scores and screen time, whether considered collectively or stratified into low, middle, and high SES groups. This signifies that an extended screen time was linked to lower eHCi health scores in children. In both the overall and low SES groups, children’s screen time exhibited a significant positive correlation with age, though no significant correlation was observed in the high SES group. Furthermore, both overall and within specific groups, a significant positive correlation (p < 0.001) was identified between children’s screen time and outdoor activity duration.



TABLE 5 Relationship of screen time, outdoor activity time, and physical health of children in different family SES.
[image: Correlation table showing relationships between variables: screen time, outdoor activity, BMI, eHCI health dimension, age, and gender. Data is divided into total, low-SES, middle-SES, and high-SES groups, with correlation coefficients and significance levels denoted by symbols.]

Regarding outdoor activity time, both collectively and when stratified by groups, there was no significant correlation between children’s outdoor activity time and BMI (p > 0.05). However, a noteworthy positive correlation emerged between outdoor activity time and children’s eHCi health dimension scores (p < 0.001). A positive correlation between children’s age and outdoor activity time was observed in both the overall dataset and the middle and low SES groups. In this study, boys were assigned a value of 0, and girls were assigned a value of 1. The data demonstrated a significant negative correlation (p < 0.001) between gender, outdoor activity time, and BMI in both the overall dataset and the three SES groups. Furthermore, a significant positive correlation (p < 0.001) between age and children’s eHCi health dimension scores was evident both overall and across the three SES groups.



3.4 Regression analysis of screen time, outdoor time, and children’s health

In order to explore the distinct predictive impacts of screen time and outdoor activity time on children’s physical health, regression analysis was conducted while controlling for children’s gender and age. Screen time and outdoor activity time were considered as independent variables, with eHCi physical health dimension score and body mass index designated as dependent variables.


3.4.1 The early human capacity index health dimension

The eHCi health dimension score, being a continuous variable, underwent linear regression analysis after adjusting for children’s age and gender (see Table 6). The results indicate that both screen time and outdoor activity time significantly predict the scores of children’s eHCi physical health dimensions, whether considering the overall children or the three groups of high, medium, and low SES. In this context, screen time emerges as a significant negative predictor of children’s eHCi physical health scores (p < 0.001), while outdoor activity time stands out as a significant positive predictor of these scores (p < 0.001). The explanatory rate for outdoor activity time and high SES group children’s screen time is 1%, whereas the explanatory rate of screen time in medium-low SES group children and overall children’s screen time is 2%.



TABLE 6 Coefficients from linear regression models estimating eHCi health dimension.
[image: Table comparing effects of screen time and outdoor activity time on eHCI health dimensions across different SES groups. Displays beta (β), R-squared (R²), and F values. Total, low, middle, and high SES eHCI health dimensions are assessed. Statistical significance indicated by symbols: less than 0.05, 0.01, 0.001. Age and sex are control variables.]



3.4.2 Body mass index

As previously mentioned, this study categorized body mass index into two dimensions: non-overweight and overweight, employing binary logistic regression for analysis. Model 1 and Model 2, respectively, depict the influence of overall children’s screen time and outdoor activity time on children’s body mass index. Model 3 and Model 4, respectively, illustrate the impacts of screen time and outdoor activity time on children’s body mass index in the low SES group. Model 5 and Model 6, respectively, demonstrate the effects of screen time and outdoor activity time on children’s body mass index in the middle SES group; while Model 7 and Model 8, respectively, portray the effects of screen time and outdoor activity time on children’s body mass index in the high SES group (see Table 7).



TABLE 7 Binary logistic regression analysis affecting body mass index in children.
[image: A data table showing factors related to screen time, outdoor activity time, age, and gender across eight models. Each model lists β-coefficients, odds ratios (OR), and 95% confidence limits (CL). Significant results are highlighted with different p-values: p<0.05, p<0.01, and p<0.001.]

The specific results are as follows: there is a significant relationship (p < 0.001) between screen time and BMI overweight in all children and children in the high SES group. The longer the screen time, the greater the risk of BMI overweight in children. There was no significant relationship between outdoor activity time and children’s BMI (p > 0.05). A significant correlation exists between gender and BMI in children (p < 0.001), with boys having a higher risk of being overweight than girls. For overall children and children in the middle SES group, there is a significant relationship between age and BMI, with younger children at a higher risk of developing BMI as overweight compared to older children.





4 Discussion

In recent years, the surge in childhood obesity, myopia, and other health issues has become a growing concern, largely attributed to the rapid development of social economy and technology (2, 35). Study has identified the imbalance between screen time and outdoor activities as a primary factor contributing to these health challenges in children (36, 37). Additionally, variations in family SES may exert a certain degree of influence on children’s screen usage and outdoor activity durations, thereby impacting their overall health (38, 39). This study aims to evaluate the impacts of outdoor activity time, screen time, and family SES on the physical health of preschool children in the contemporary era.


4.1 Factors influencing screen time, time spent outdoors in preschoolers

This study reveals that the screen time and outdoor activity duration of our 3–6-year-old preschoolers fall short of the recommendations set by the American Academy of Pediatrics (40, 41). Extensive screen time and limited outdoor activities may result in prolonged sedentary behavior, leading to various physiological issues such as visual impairment, overweight, obesity, and compromised sleep quality. Furthermore, these habits may adversely affect language development and cognitive function, posing a threat to overall physical health (41–43). Our analysis of the correlation between screen time, outdoor activity duration, and health-related indicators in school-age children supports these findings. Specifically, we observed a significant negative correlation between children’s eHCi health dimension score and screen time, while outdoor activity time exhibited a significant positive correlation with eHCi health dimension scores.

Hence, we speculate that the surge in obesity and myopia rates among preschool children in China could be linked to prolonged screen time and inadequate outdoor activities. Numerous factors, including family background and personal characteristics, influence individuals’ screen usage and outdoor activity participation. Given the unique nature of preschool children, this study primarily explores the intrinsic and extrinsic factors impacting them.


4.1.1 Immanent cause

Our study suggests that gender and age (44, 45) may serve as crucial internal factors influencing preschoolers’ screen time, outdoor activity duration, and health. Surprisingly, we discovered no statistically significant difference between boys and girls concerning screen time and outdoor activity duration. However, girls exhibited better eHCi scores and BMI than boys. Although boys spent significantly more time outdoors, they scored lower than girls in the physical health dimension.

Based on the developmental patterns of young children, we speculate the higher rate of overweight in boys compared to girls may result from a combination of factors, including body structure, morphology, and energy metabolism in both genders (46). Moreover, boys’ more active and mischievous nature might lead to increased outdoor activities compared to girls. Our correlation analysis, treating gender as a categorical variable (0 for boys, 1 for girls), confirmed a significant negative correlation between gender, outdoor activity duration, and BMI, providing partial validation for our rationale.

Age is another potential factor influencing the screen time, outdoor time, and physical fitness of preschoolers (47). As discussed earlier, older preschoolers tend to engage in more activities, leading to longer activity durations. Research indicates that as preschool children age, their social cognition and interests increase, resulting in higher screen time (48, 49). Our findings align with this trend, particularly among preschool children with significant age differences, while no significant differences were observed among those with smaller age gaps. Notably, older age correlates with higher health dimension scores and a lower incidence of overweight.



4.1.2 External cause

Research has consistently highlighted the significance of family social status as an influential external factor impacting preschoolers’ screen time, outdoor activity duration, and overall physical health (50). Notably, lower screen time was associated with higher family social status, while outdoor activity time displayed significant variability across SES levels (51). Employing correlation analysis, we examined the interplay between screen time, outdoor activities, and the physical health of preschoolers from diverse family social statuses. The outcomes revealed a significant positive correlation between outdoor activity time and children’s eHCi health dimension scores. Conversely, screen time exhibited a significant negative correlation with children’s eHCi health dimension scores. These findings underscored that higher SES levels were linked to longer outdoor activity durations and reduced screen time, thereby validating our initial hypothesis. Subsequent analysis of physical health dimensions and BMI in preschool children across different family social statuses consistently supported this trend: higher family social status corresponded to elevated eHCi scores and a lower incidence of overweight status.

Family socio-economic status appears to set off a chain of interconnected reactions: varying socio-economic statuses among families lead to divergent behaviors and perspectives among parents (52). These parental disparities, in turn, exert an influence on the screen time and outdoor activity durations of their children (53). Notably, our study observed that children in high SES groups exhibited the lowest screen time across different family socio-economic statuses. This suggests that these families possess ample financial resources, enabling their children to explore a broader array of experiences. Moreover, parents in high socio-economic status families, owing to their elevated education levels and professional experiences, may harbor a heightened awareness of their children’s health and education (54). In contrast, parents with lower economic and social statuses are often preoccupied with work and domestic responsibilities, leaving them with limited time and energy to dedicate to their children. Consequently, these parents may opt for screen-based activities such as games, mobile phone videos, or television to occupy their children’s time. The ongoing pandemic has further exacerbated this situation, with home-based online learning contributing to increased screen time and decreased outdoor activity time (55, 56). Additionally, the surge in short-form videos, coupled with technological advancements, has led platforms to algorithmically recommend more content to children, intensifying their reliance on screens and elongating screen time (57).




4.2 Effects of screen time and outdoor activity on physical health in preschoolers

To delve deeper into the predictive capacity of screen time and outdoor activity time on children’s physical health, we employed linear regression analysis. Controlling for gender and age, with family SES as a grouping variable, screen time and outdoor activity time were designated as independent variables, and eHCi physical health dimension scores and body mass index served as dependent variables. Our study findings revealed that both screen time and outdoor activity time significantly predicted the physical health scores of children’s eHCi, encompassing the overall children and the three groups stratified by SES. Specifically, screen time emerged as a significant negative predictor of the physical health scores of children’s eHCi (p < 0.001), signifying that a reduction in screen time corresponds to an enhancement in the physical health of preschoolers. Conversely, outdoor activity time emerged as a significant positive predictor of the physical health scores of children’s eHCi (p < 0.001), indicating that increased outdoor activity time aligns with improved health outcomes among preschoolers. Consequently, it can be inferred that the physical health of preschoolers exhibits predictability based on their screen time and outdoor activity time (58, 59).

Simultaneously, recognizing BMI as another pivotal indicator for assessing the physical health of preschool children (60), we employed binary logistic regression to scrutinize the influence of screen time and outdoor activity time on the body mass index of preschoolers. The outcomes revealed no significant association between outdoor activity time and the likelihood of children being overweight. However, a notable correlation was observed between screen time and the BMI of preschool children. Increased screen time corresponded to a heightened risk of children having an overweight BMI. This substantiates the substantial impact of screen time on the physical health of preschool children (61). Consequently, to a certain extent, the physical health of preschoolers can be prognosticated based on their screen time and outdoor activity time (62, 63). Building upon our findings, we fervently recommend that families undertake their supervisory roles, with parents leading by example to curtail screen time. Instead, they should explore alternative outdoor activities that foster children’s concentration and reduce their reliance on screens, especially in families with lower social status.



4.3 Practical implications

This study boasts several strengths; foremost among them is the inclusion of physical health indices, specifically children’s eHCi health dimension score and BMI. This is noteworthy as these indices have not been extensively addressed in the majority of prior studies that examined outdoor activity time, screen time, and family SES in preschool children. To our knowledge, this investigation represents the inaugural exploration of the effects of screen time and outdoor activities on the physical health of preschool children in the post-epidemic era. Finally, a significant contribution of this study is the establishment of a predictive link between screen time, outdoor activity time, and the physical health of preschoolers.



4.4 Study limitation and future research

While our study offers valuable insights into the interplay of screen time, outdoor activity, and family SES on the physical health of preschool children, it is crucial to acknowledge certain limitations. The focus on preschoolers aged 3–6 necessitated reliance on parental responses to questionnaires, potentially introducing biases and discrepancies between reported data and actual behaviors. This reliance on subjective reporting may impact the precision and reliability of our findings.

Additionally, our study is geographically constrained to regions with higher economic development levels. The exclusion of economically underdeveloped areas limits the generalizability of our results. Future research endeavors should aim for a more diverse sample, including areas with varying economic statuses, to enhance the external validity and applicability of our conclusions.

Moreover, this study is based on the “Guangdong Kindergarten Children’s Educational Experience and Family Life Survey Project,” so the data used in this study are all children who have received preschool education. This is indeed a limitation of this study, and future studies should supplement the data for this subset of children as much as possible.

In conclusion, recognizing these limitations is essential for a nuanced interpretation of our study findings. Future research should address these constraints to provide a more comprehensive understanding of the complex relationships among screen time, outdoor activities, and the physical health of preschool children across diverse socio-economic contexts.




5 Conclusion

Impacted by the 3-year epidemic, the screen time and outdoor activity levels of preschool children in China during the post-epidemic period fall below the standards recommended by the World Health Organization, significantly impacting their physical well-being. Our findings underscore the influential role of family SES, age, and gender in shaping the screen time and outdoor activity patterns of preschoolers, with family SES emerging as a particularly significant factor.

Our results reveal a discernible correlation between family SES and children’s screen time, indicating that families with higher SES tend to limit their children’s screen time. Additionally, a positive association is observed between family SES and outdoor activity time, suggesting that higher SES is linked to increased time spent outdoors. Notably, these trends extend to overall health outcomes, with higher family SES correlating with enhanced health levels. Furthermore, our analysis indicates that children’s screen time serves as a negative predictor of their health status, while outdoor time acts as a positive predictor. These findings emphasize the intricate interplay between socioeconomic factors and lifestyle choices, underscoring the need for targeted interventions and educational initiatives to address disparities and enhance the physical health of preschoolers in the post-epidemic era in China. It is necessary for families, schools, and communities to work together in the future to analyze the physical health level of preschool children of different genders and ages under different family socioeconomic levels, and take some measures or interventions to reduce the screen time of preschool children. Increase their outdoor activity time, thereby reducing the incidence of overweight and obesity, in order to enhance the physical health of preschool children.
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Background: It has been shown that diabetes is associated with insufficient physical activity among middle-aged and older adults, but the association between different physical activity levels (PAL) and diabetes incidence needs to be further explored.
Objective: This study aims to explore the correlation and dose–response relationship between different PAL and the diabetes incidence in middle-aged and older adults.
Methods: Utilizing data from the 2018 China Health and Retirement Longitudinal Study (CHARLS), this cross-sectional analysis included 17,226 middle-aged and older adults aged 45 and above. Binary logistic regression models and restricted cubic spline (RCS) were used to explore the correlation and dose–response relationship between different PAL and the incidence of diabetes in the total middle-aged and older adults population as well as in subgroups. Sensitivity analyses were also performed to verify the robustness of the findings.
Results: In the entire study population, compared with the lowest PAL, participants in the third and fourth quartiles PAL saw diabetes incidence significantly reduced by 16% (p = 0.005) and 33% (p < 0.001), respectively (pfor trend < 0.001). In subgroup analyses, the fourth quartile PAL significantly reduced the diabetes incidence among females, individuals aged 60–69, and rural residents by 25% (p = 0.011), 38% (p < 0.001) and 28% (p < 0.001), respectively. For males, middle-aged (45–59 years), and urban residents, the third quartile PAL reduced diabetes incidence by 22% (p = 0.004), 24% (p = 0.012), 21% (p = 0.013), respectively. When the fourth quartile PAL was reached, the diabetes incidence was significantly reduced in these populations by 41% (p < 0.001), 39% (p < 0.001), and 41% (p < 0.001), respectively. There was a negative dose–response relationship between physical activity and diabetes incidence in specific Chinese middle-aged and older adults population. In addition, sensitivity analyses indicated the robustness of the findings.
Conclusion: Higher PAL was associated with lower diabetes incidence in specific Chinese middle-aged and older adults population. It is feasible to use physical activity to predict diabetes incidence in this demographic, and high PAL may be an effective means of preventing and controlling diabetes.
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1 Introduction

Diabetes is one of the leading causes of death worldwide, with an estimated 4.2 million deaths in 2019 (1). By 2030, global diabetes diagnoses are projected to reach 578 million, surging to an anticipated 700 million by 2045 (2). Diabetes has a high prevalence in the middle-aged and older adults population (3, 4) and exert a huge impact on the health of them; it is a contributing factor to a number of diseases such as myocardial infarction, dementia, and depression (5–7), and can lead to a variety of complications such as fractures, falls, and pain (8–11), which not only leads to their moodiness and irritability, and can even lead to frailty, disability and suicide. Additionally, population aging is a problem faced by the whole world, especially China. Currently, population aging in China is intensifying, and it is expected that by 2050, China’s older adults population over 65 years old will reach 400 million, of which 150 million will be over 80 years old (12, 13). As one of the fastest aging countries in the world, the number of older adults people with diabetes will continue to grow in China. This will not only seriously affect people’s quality of life, but also bring a heavy economic burden to the affected families and society (14). Consequently, how to prevent and control diabetes in middle-aged and older adults people in a healthy and effective way has become a hot topic in the field of public health.

Research indicates that insufficient physical activity contributes to diabetes and its complications among middle-aged and older adults individuals, while regular physical activity can prevent diabetes in this demographic (15–17). Physical activity, defined as any movement that expends energy through musculoskeletal contraction and relaxation, encompasses all daily physical movements, and it is a broad concept that includes more specific parameters such as type, intensity, duration and frequency (18). While some research has identified a negative association between physical activity and diabetes incidence (19), other studies suggest that moderate physical activity level (PAL) reduces diabetes incidence more effectively than other levels (20). Currently, the association between the protective effect of physical activity on the incidence of diabetes in middle-aged and older adults people has been demonstrated. However, the association between different PAL and diabetes incidence remains unclear, especially given the limited studies within this demographic in China. Moreover, it has been shown that the prevalence of diabetes is largely influenced by age, gender, and residency (21), but it is also unclear whether there are age, gender, and residency differences in the association between physical activity and diabetes incidence.

Further research is needed to investigate the association between varying PAL and diabetes incidence in Chinese middle-aged and older adults populations. This study aimed to explore the correlation and dose–response relationship between various PAL and diabetes incidence, assessing differences by age, gender, and residency. Exploring this relationship may facilitate early prediction of diabetes and inform effective interventions. Therefore, this study investigated the association between different PAL and the diabetes incidence in the middle-aged and older adults population and the differences in gender, age, and residency, thus providing a scientific basis for the prediction and treatment of diabetes in this groups.



2 Methods


2.1 Data sources and participants

This is a cross-sectional study based on data from the 2018 China Health and Retirement Longitudinal Study (CHARLS). The survey is a nationally representative community-based demographic survey of middle-aged and older adults people in China, conducted by the China National Development Research Institute (CNDI) in collaboration with the China Social Science Research Centre (CSRC) of Peking University (22). Employing a stratified, multi-stage,probability sampling method proportional to population size, the survey sampled individuals aged 45 and above from 150 counties and 450 communities (villages) across 28 Chinese provinces (autonomous regions and municipalities). It collected demographic, economic, pension, and health data The CHARLS database has good reliability and validity, accurately representing China’s middle-aged and older adults populations, and it has been used by many scholars to conduct health-related research in recent years (23). Additionally, Ethical approval for CHARLS was granted by Peking University’s Biomedical Ethics Review Committee (Approval No.: IRB00001052-11015) (22). Since the data is publicly available, no further ethical approval was necessary for this study.

According to the definition of middle-aged and older adults in China, respondents aged 45 years and above were included as the research subjects. Eligible participants must have complete data on physical activity, diabetes status, and relevant covariates. Therefore, respondents under 45 or with missing data in these areas were excluded. Initially, 19,750 adults aged 45 and older were selected. After excluding 2,524 for age non-compliance or missing relevant data, 17,226 participants remained who met the inclusion criteria.



2.2 Physical activity assessment

The CHARLS database collected the number of days the respondents were physically active for at least 10 min per day in the past week and the duration of daily activity, and physical activity was assessed using the International Physical Activity Questionnaire-Short Form (IPAQ-SF) (18). Metabolic equivalents (METs) for each physical activity were assigned using the IPAQ, a widely used tool for measuring PAL in adults with demonstrated reliability and validity (18). This method estimated the total weekly energy expenditure of the respondents’ physical activities. MET values of 3.3, 4.0, and 8.0 were, respectively, assigned for low, moderate, and high intensity activities. Total weekly energy expenditure was calculated using the formula: MET × activity time per day (min) × active days per week(d) (24). Physical activity levels were categorized into quartiles for analysis as follows: Q1 ≤ 1732.5 MET/week, 1732.5 < Q2 ≤ 4612.5 MET/week, 4612.5 < Q3 ≤ 10,458 MET/week, Q4 > 10,458 MET/week.



2.3 Diabetes assessment

Diabetes assessment was based on self-reported physician diagnosis, high fasting blood glucose levels (fasting blood glucose ≥126 mg/dL or glycated hemoglobin (HbA1c) ≥6.5%) (25), or ongoing antidiabetic treatment. Participants were classified as diabetic based on a positive response to the diabetes diagnosis question.



2.4 Covariates

This study’s covariates, selected for their potential impact on diabetes incidence, included age, gender, residency (urban or rural), education level (illiteracy, primary, secondary, and high school and above), health behaviors (alcohol and smoking status), daily living ability, and comorbidities such as hypertension, heart disease, and depression. Depression was assessed using the Center for Epidemiologic Studies Depression Scale (CESD), which consists of 10 entries with 4 answers to each question. The respondent scores each symptom according to the frequency of occurrence of each symptom in the past week, with total scores ranging from 0 to 30, with scores <10 defined as no depression and score ≥ 10 defined as depression (26). The Chinese version of the CESD has been used in the Chinese older adults population, with good reliability and validity, and can effectively measure depression level of middle-aged and older adults people (27).



2.5 Data analysis

In this study, data were collated and analyzed using R 4.0.3 software. Measurement data were expressed as mean ± standard deviation (mean ± SD), count data as percentages, categorical variables as frequencies and percentages. Group comparisons were made using the χ2 test or Fisher’s exact test. Binary logistic regression was employed to analyze the relationship between different PAL and diabetes incidence in the middle-aged and older adults population. Model 1 was not adjusted for any variables, model 2 was adjusted for demographic characteristics (age, gender, residency, education level) and health behaviors (smoking status and alcohol status), and model 3 was adjusted for demographic characteristics, health behaviors, daily living ability, and comorbidities (hypertension, heart disease, depression). Subgroup analyses of sex, age and residency were also conducted to explore differences across subgroups. Restricted cubic spline (RCS) was used to assess the dose–response relationship between physical activity and diabetes incidence in the total middle-aged and older adults population and within each subgroup. In addition, sensitivity analyses were used to validate the results for robustness. Results were expressed as odds ratios (ORs) and 95% confidence intervals (CIs), and differences were considered statistically significant when the p value was less than 0.05.




3 Results


3.1 Basic information of the participants

Table 1 shows baseline characteristics for 17,226 middle-aged and older adults participants, with an average age of 61.28 ± 9.71 years. Of these, 8,916 (51.76%) were female and 8,310 (48.24%) were male. There were 7,885 (45.77%) aged 45–59 years, 5,896 (34.23%) aged 60–69 years and 3,445 (20%) aged 70 years and above. Among participants, 2,223 (12.90%) were diagnosed with diabetes, accounting for 12.90% of the total number of people, and the diabetes prevalence is increasing with age. The correlation between diabetes incidence and age, sex, residency, education level, smoking status, drinking status, ability of daily living, hypertension, heart disease, depression, and PAL among the middle-aged and older adults were statistically significant (p < 0.05).



TABLE 1 Baseline characteristics of participants.
[image: Table displaying various variables comparing individuals with and without diabetes, including age, sex, residency, educational level, smoking, drinking, hypertension, heart disease, daily living ability, depression, and physical activity level. Each category shows counts and percentages for those with and without diabetes, along with total counts. Chi-square and p-values indicate statistical significance for each variable.]



3.2 Binary logistic regression analysis of physical activity and diabetes

This study used diabetes status as the dependent variable and physical activity as the independent variable, incorporating additional covariates in the regression model to assess their relationship. Results are presented in Table 2. The results showed that compared to those in the lowest quartile PAL, participants in the second, third, and fourth quartiles had diabetes prevalence reduced by 16% [OR = 0.84, 95% CI (0.74, 0.94), p = 0.003], 31% [OR = 0.69, 95% CI (0.61, 0.78), p < 0.001], and 53% [OR = 0.47, 95% CI (0.41, 0.53), p < 0.001], respectively. After adjusting for sex, age, residency, education level, smoking status, drinking status, daily living ability, hypertension, heart disease, and depression, participants in the third and fourth quartiles PAL saw diabetes incidence reduced by 16% [OR = 0.84, 95% CI (0.74, 0.95), p = 0.005] and 33% [OR = 0.67, 95% CI (0.58, 0.77), p < 0.001], respectively, compared to the first quartile. No significant incidence reduction was observed in the second quartile.



TABLE 2 Binary logistic regression analysis for the associations between physical activity and diabetes.
[image: Table displaying odds ratios (OR) with 95% confidence intervals and p-values for three models comparing quartiles Q1 to Q4. Each model adjusts for different variables. Model 1 shows a decreasing trend from Q2 to Q4 with significant p-values, except Q2 for Model 3. Model 2 adjusts for demographics and lifestyle, with significant results for all quartiles. Model 3 further adjusts for more health factors, still showing significant trends except Q2. P for trend is less than 0.001 across models.]

In this study, physical activity was introduced as a continuous variable in restricted cubic spline (RCS) curve fitting, and the RCS curve showed a negatively correlated dose–response relationship between physical activity and the diabetes incidence in the middle-aged and older adults population (see Figure 1).

[image: Line graph showing the relationship between physical activity level and odds ratio (95% confidence interval). The x-axis represents physical activity level ranging from 0 to 25,000. The y-axis shows odds ratio values from 0.0 to 1.2. The red line indicates a decreasing trend, with a shaded area representing the confidence interval. A dashed horizontal line marks an odds ratio of 1.0. P-values show overall significance less than 0.001 and nonlinearity at 0.435.]

FIGURE 1
 Dose–response relationship between physical activity and the incidence of diabetes in middle-aged and older adults people. The RCS curves were adjusted for age, sex, residency, education level, smoking status, drinking status, daily living ability, hypertension, heart disease, and depression. The solid red lines represented the ORs of diabetes, the red region indicated corresponding 95% CIs. The short dashed black lines indicated the reference value.




3.3 Subgroup analyses

This study conducted subgroup analyses to examine the impact of sex, age, and residency on diabetes incidence among middle-aged and older adults individuals. Age was also categorized into three groups: middle-aged (45–59), early older adults (60–69), and late older adults (70+) to investigate the relationship between physical activity and diabetes incidence in different age intervals. Results are presented in Table 3. Additionally, the RCS analysis was applied to explore the dose–response relationship between physical activity and diabetes incidence within various subgroups. The results are detailed in Supplementary Figures S1–S7.



TABLE 3 Binary logistic analysis for the association between physical activity and diabetes prevalence in various subgroups.
[image: A table presents subgroup analyses of odds ratios with confidence intervals and p-values. Subgroups include Sex, Age, and Residency, each divided into quartiles (Q2, Q3, Q4). Comparisons are made against Q1. The table includes sample sizes (N), odds ratios (OR), confidence intervals (95% CI), and p-values for trend. Significant results, particularly low p-values, are highlighted across different groups, suggesting statistical significance in several comparisons after adjusting for various factors.]

After adjusting for confounders, compared with the first quartile PAL, the fourth quartile PAL significantly reduced the diabetes incidence among females, individuals aged 60–69 and rural residents by 25% [OR = 0.75, 95% CI (0.62, 0.91), p = 0.011], 38% [OR = 0.62, 95% CI (0.49, 0.77), p < 0.001] and 28% [OR = 0.72, 95% CI (0.6, 0.86), p < 0.001], respectively. Whereas, for males, middle-aged (45–59 years), and urban residents, the third quartile PAL reduced diabetes incidence by 22% [OR = 0.78, 95% CI (0.64, 0.95), p = 0.004], 24% [OR = 0.76, 95% CI (0.62, 0.94), p = 0.012], 21% [OR = 0.79, 95% CI (0.66, 0.95), p = 0.013], respectively. When the fourth quartile PAL was reached, the diabetes incidence was significantly reduced in these populations by 41% [OR = 0.59, 95% CI (0.48, 0.73), p < 0.001], 39% [OR = 0.61, 95% CI (0.49, 0.76), p < 0.001], and 41% [OR = 0.59, 95% CI (0.46, 0.75), p < 0.001], respectively. And there was no statistically significant association between other PAL and diabetes incidence.



3.4 Sensitivity analysis

In binary logistic regression analyses, confounding variables may influence the association between physical activity and diabetes incidence, potentially biasing the results. Consequently, this study will assess result robustness by sequentially excluding these confounders. Sensitivity analyses confirmed that the relationship between physical activity and diabetes incidence remained robust (refer to Supplementary Table S1).




4 Discussion

In this study, we used a nationally representative cross-sectional study to assess the correlation and dose–response relationship between different PAL and the diabetes incidence in the middle-aged and older adults population in China, and we found that there was a negative dose relationship between physical activity and diabetes incidence, with differences in gender, age, and residency.

The finding that engaging in physical activity reduces the diabetes incidence is consistent with previous research findings (28). Current diabetes prevention guidelines state that individuals can reduce their diabetes incidence through engaging in various physical activities (29). Most previous research has focused on the effects of leisure physical activity on diabetes incidence, with fewer studies on non-leisure physical activity (30). However, in the Chinese middle-aged and older adults population, the proportion of daily participation in leisure physical activity is low (31). Non-leisure physical activities, such as household, commuting, and occupational physical activities, are the main sources of daily energy expenditure. Additionally, it has been suggested that the protective effect of physical activity on diabetes incidence may be related to total energy expenditure (32), not just leisure physical activity. Therefore, this study only examined the relationship between different levels of physical activity and diabetes incidence in middle-aged and older adults without categorizing the types of physical activity.

Several biological mechanisms may explain the beneficial effects of physical activity on diabetes. Initially, physical activity improves energy balance and mitigates obesity (33), which is a major risk factor for diabetes (34, 35). Secondly, muscle contraction improves glucose homeostasis by increasing skeletal muscle glucose uptake by translocating the GLUT4 glucose transporter to skeletal muscle cell membranes and increasing glycogen synthase activity (36, 37). Nextly, physical activity normalizes insulin resistance in liver and skeletal muscles (38). Finally, research has shown that inflammation contributes to the onset of diabetes (39), and physical activity raises interleukin-6(IL-6) levels, which combat inflammation, thus indirectly regulating glycemic irregularities (40, 41). Additionally, Cardiovascular disease is recognized as a risk factor for diabetes (42). Physical activity can increase cardiac efficiency and improve vascular health, thereby reducing the incidence of cardiovascular disease in middle-aged and older adults individuals (43), which is also one of the mechanisms. High PAL have been found to modulate diabetes incidence better than low levels (44–48), aligning with the negative correlation noted in our study between PAL and diabetes incidence. Sustained high PAL can induce adaptations in middle-aged and older adults, such as weight loss, increased GLUT4 and interleukin-6 expression, and reduction in cardiovascular diseases, all contributing to reduced diabetes incidence. However, some studies contrast with our findings, with finding indicating that moderate PAL activity may reduce diabetes incidence more effectively than other levels (20, 49). The reason for this difference may be related to ethnicity, and study found that genetic polymorphisms may be one of the reasons why physical activity has different effects on diabetes incidence in different populations (50). A multiracial cohort study validated this conjecture that differences in gene may have an impact on the relationship between physical activity and diabetes (46). Furthermore, a study provides a possible explanation for this differentiation (51). The interaction between genes and the environment may cause varying rates of fat oxidation during exercise among different ethnic groups, which in turn leads to the need for different PAL in different ethnic groups to modulate diabetes incidence.

Further subgroup analyses revealed gender, age, and residency differences in the effect of physical activity on diabetes among Chinese middle-aged and older adults. Female middle-aged and older adults may require higher PAL than their male counterparts to significantly reduce diabetes incidence, potentially due to differences in gender-induced biological and psychosocial factors (52). At the age level, we found that the beneficial impact of physical activity on diabetes incidence decreases with age, aligning with previous research findings (53). The reason for this phenomenon may be that the increased incidence of diabetes due to aging diminishes the protective effect of physical activity on diabetes (54, 55). At the level of residency, compared to the first quartile PAL, urban middle-aged and older adults experienced significant diabetes incidence reduction at the third and fourth quartile of physical activity, while rural counterparts saw comparable benefits only upon reaching the fourth quartile. Moreover, the same PAL is more effective in reducing diabetes incidence among urban middle-aged and older adults compared to their rural counterparts, a disparity attributed to various factors. A study in India found that (56) urban areas possess superior healthcare systems compared to rural areas, allowing urban older adults to better manage diabetes under the same circumstances. Given that both China and India are developing countries, the disparities between urban and rural areas in China may mirror those in India. It has also been found that differences in self-health management awareness among residents may contribute to the urban–rural disparities (57). Urban middle-aged and older adults individuals may focus on diabetes prevention and treatment earlier than those in rural areas and may take other protective measures to reduce the diabetes incidence when performing the same physical activities. Moreover, there will still be numerous factors contributing to the urban–rural differences, and more further studies are needed to explore the mechanisms in the future.

Several notable strengths exist in this study. Firstly, the data were derived from a representative sample of middle-aged and older adults individuals across China, with a large sample size and a wide range of data collection, encompassing 150 counties and 450 communities in 28 provinces. This broad data collection allows for a comprehensive analysis of the relationship between physical activity and diabetes incidence among this demographic. Secondly, the use of a standardized international questionnaire, combined with a large data sample and sensitivity analyses, enhances the study’s reliability. Thirdly, the study investigates the relationship between various PAL and diabetes incidence, while also analyzing differences across gender, age, and residency. This enriches the research field and provides a valuable reference for future studies.

This study also has several limitations. Firstly, the data were sourced from 17,226 respondents in 2018 without longitudinal data over many years, thus the cross-sectional design could not establish causality between physical activity and diabetes incidence. Secondly, this study focused on a Chinese middle-aged and older adults population, thus its findings are specific to China and may not be generalizable to other countries. Thirdly, this study used self-report questionnaires, and the reporting of physical activity scores and other covariates relied on self-reporting provided by subjects or their informants and is therefore subject to some bias. Fourthly, despite adjustments for several important influencing factors, confounding factors not accounted for may have impacted the study’s results.



5 Conclusion

Higher PAL was associated with lower diabetes incidence in specific Chinese middle-aged and older adults population. It is feasible to use physical activity to predict diabetes incidence in this demographic, and high PAL may be an effective means of preventing and controlling diabetes. This study provides the basis and clues for early clinical prediction and reduction of diabetes incidence in middle-aged and older adults people. Future research should intensify efforts to investigate the causal links between physical activity and diabetes incidence, thereby providing a theoretical foundation for diabetes prevention and treatment in the group.
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Purpose: Aimed to assess the impact of wearable device-based aerobic exercise on the physical and mental well-being of women with breast cancer (BC) undergoing chemotherapy.
Methods: Forty adult women with BC who underwent anthracycline-based chemotherapy were randomly allocated to the exercise group (n = 21) or the control group (n = 19). Both groups received standard health education and oncology care. In addition, the exercise group wore wearable devices to engage in moderate to high-intensity (50–90% HRmax) aerobic exercise during chemotherapy, while the control group did not carry out exercise intervention. Health-related physical fitness level, physical activity energy expenditure (PAEE), anxiety and depression scores, sleep quality, cancer-related fatigue, and overall quality of life (QoL), were assessed both before (prior to the first chemotherapy session) and after (prior to the fifth chemotherapy session) the exercise intervention. Exercise-related adverse events, exercise compliance, number and severity of gastrointestinal reactions and myelosuppression occurred were recorded during the exercise intervention.
Results: After the intervention, compared to the control group, the exercise group (1) had significantly higher relative VO2peak (p = 0.003) and handgrip strength (p < 0.001); (2) had significantly higher PAEE (p < 0.001); (3) had a significantly lower scores in anxiety (p = 0.007), depression (p = 0.028), sleep quality in domains of subjective sleep quality (p = 0.010), sleep disturbances (p = 0.004), daytime dysfunction (p = 0.007), cancer-related fatigue in domains of physical (p < 0.001) and affective (p < 0.001); and (4) had a significantly lower scores in QoL in domains of physical well-being (p < 0.001) and emotional well-being (p = 0.019), while a significantly higher scores in functional well-being (p < 0.001). Patients in the exercise group experienced less severe gastrointestinal reactions (p = 0.028) and myelosuppressive symptoms (p < 0.001) than that in the control group. Patients in the exercise group had no serious exercise-related adverse events, with a mean exercise adherence of 81.8%.
Conclusion: Wearable device-based aerobic exercise during chemotherapy can be an effective adjunctive therapy to improve physical and mental health in BC patients.
Clinical trial registration: https://www.chictr.org.cn/showproj.html?proj=200247, Identifier: ChiCTR2300073667.
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1 Introduction

In 2022, breast cancer ranked the most common cancer among women (1). In China, the estimated number of new cases and deaths from female breast cancer in 2020 were 420,000 and 117,000, respectively, ranking first in the world (2). Chemotherapy, commonly used as an adjuvant therapy for breast cancer, frequently leads to side effects such as reduced physical activity and deterioration in health-related physical fitness (3, 4). Additionally, it can result in adverse consequences such as anxiety, depression, cancer-related fatigue, sleep disturbances, gastrointestinal reactions, and myelosuppression (3, 4).

Studies have shown that breast cancer patients typically experience weight gain (1.4 ~ 6.2 kg) and negative changes in body composition during chemotherapy (5–7), often as a result of the patient’s lack of physical activity (8). Weight gain during chemotherapy for breast cancer may negatively impact quality of life (QoL), health, and self-esteem and, in severe cases, increase the risk of disease recurrence and worsen prognosis (6). Chemotherapy also leads to a significant decrease in peak oxygen uptake (VO2peak) (9–11), one of the indicators of cardiorespiratory fitness (CRF), with a relative VO2peak ≤ 18.0 mL/kg/min indicating increased risk of heart failure and functional disability (10, 12, 13). For newly diagnosed breast cancer patients, there is a correlation between health-related physical fitness and QoL. In particular, the lean body mass, VO2peak, and grip strength are positively associated with QoL, while body weight, BMI, body fat mass, and body fat percentage are negatively correlated (14).

Cancer-related fatigue associated with chemotherapy exacerbates both grip strength loss and weight gain (15), with grip strength being correlated with emotional issues such as anxiety and depression (16). Studies have demonstrated that cancer-related fatigue, anxiety and depression, lower levels of physical activity, and poorer physical function have been shown to be associated with sleep disturbances in breast cancer patients (17–19). Additionally, gastrointestinal reactions and myelosuppression, common side effects of chemotherapy, may lead to cancer treatment interruption. In conclusion, the above side effects from chemotherapy can seriously affect the patient’s QoL and anti-tumor confidence.

Wearable devices, such as smart bracelet, have emerged as valuable tools to enhance physical activity levels and overcome barriers to intervention, particularly in addressing cancer-related fatigue, by enabling individuals to self-supervise their activity in real time during exercise (20, 21). Supervised or partially supervised exercise training is more effective than unsupervised training in improving anxiety, QoL, and physical function (4). The study by Foulkes et al. (22) showed that wearable devices appear to improve patient exercise compliance, which is crucial for ensuring the effectiveness of exercise interventions. Previous research by our team has demonstrated that wearable devices-based moderate to high-intensity aerobic exercise could improve exercise compliance and mitigate cardiotoxicity in breast cancer patients undergoing chemotherapy (23).

Exercise is widely recognized as an effective strategy for managing breast cancer patients throughout the chemotherapy. Aerobic exercise has been shown to improve CRF (24). However, the effects of exercise on depression in cancer survivors are varied across studies (25, 26), and there is insufficient evidence regarding its influence on sleep quality, gastrointestinal response, myelosuppression, and the QoL in domains other than physical functioning in oncology patients undergoing chemotherapy (4). Therefore, this study aimed to investigate the efficacy of moderate to high-intensity aerobic exercise, facilitated by wearable devices, in improving the physical and mental well-being of women with breast cancer undergoing chemotherapy. Additionally, the safety and adherence of aerobic exercise during chemotherapy was assessed.



2 Materials and methods


2.1 Study design

This study was a randomized controlled trial in accordance with the Declaration of Helsinki, approved by the Ethics Committee of Sanhuan Cancer Hospital (SH-2022007), and written informed consent was obtained from all patients.



2.2 Subjects

Female patients diagnosed with stage I–III breast cancer, aged 30–65 years, who were receiving treatment at Sanhuan Cancer Hospital between March 2022 and January 2023, and scheduled for anthracycline-based chemotherapy were eligible for inclusion. Patients with absolute contraindications to exercise, as well as those with known severe structural heart disease, or pulmonary, neurologic, respiratory, or renal defects, were excluded. Participants in our studies received chemotherapy every 2 to 3 weeks with either (1) anthracycline combined with cyclophosphamide for 4 cycles and/or sequential paclitaxel for 4 cycles, or (2) anthracycline combined with paclitaxel for 6 cycles. Exclusion criteria included absolute contraindications to exercise, severe structural heart disease, cognitive impairment, or pulmonary disease. VO2peak is an important indicator of CRF, which is the fifth clinical vital sign (10, 27). The sample size calculation was based on an effect size for VO2peak of a previous study with power of 0.80 and alpha of 0.05 (11), a total of 34 patients was needed. Allowing for attrition of 17% based on our preliminary trail, ≥41 patients were considered.



2.3 Randomization and blinding

Following baseline measurements, participants were randomly allocated to either the exercise or control group in a 1:1 ratio using block randomization with a block size of 4. This allocation was performed by an independent researcher utilizing a computer-generated, random number sequence. Although the exercise intervention instructors were not blinded to group assignment due to their role in supervising the exercise intervention, the medical staff, outcome assessors, and participants in both groups remained unaware of the grouping throughout the study.



2.4 Intervention

Patients in both groups received standard health education and oncology care, encompassing health education on self-care, diet, psychological adjustment, and movement of the upper limb on the operated side. During each chemotherapy cycle, a health education lecture is given while in the hospital, and when the patient is at home, it is given via live streaming, guided by a rehabilitation therapist. Additionally, the exercise group underwent an exercise intervention, while the control group was informed of the availability of individualized exercise instruction until the completion of chemotherapy. The exercise programs were developed based on systematic reviews and clinical trials focused on exercise for the prevention and treatment of cardiotoxicity, the outcomes of cardiotoxicity that we reported in other article (23, 28).

Exercise commenced concurrently with the first cycle of chemotherapy, and participants followed an individualized and progressive training regimen throughout the chemotherapy period, exercising on 3 days per week for 12 weeks during 4 cycles of anthracycline-based chemotherapy. Exercise interventions were described in previous study (23). Each exercise session consisted of a warm-up, aerobic exercise, and flexibility training (Figure 1). Prior to aerobic training, participants engaged in a 5-min warm-up at an intensity targeting 50–60% of their maximal heart rate (HRmax) through walking or cycling. Aerobic exercise encompassed both continuous and interval training. Continuous training involved treadmill, stationary bike, or stepping exercises performed at an intensity of 50–75% HRmax for 20–40 min per session, on 2 days per week. Interval training was conducted on a treadmill or stationary bike, comprising 4–5 sets of 1–2 min at 60–90% HRmax, interspersed with 3–4 sets of 3 min of slow walking or cycling, totaling 15–22 min per session, once a week. The exercise intensity increased by 5–10% HRmax and/or the exercise duration increased by 2–5 min every 3 weeks depending on the patient’s subjective physical status. Given limitations in accurately determining HRmax, the formula “HRmax = 207–0.7 × age” was utilized to establish exercise intensity for participants of all ages and fitness (29). Flexibility training was performed at the end of each aerobic exercise session, involving static stretching of major muscle groups such as the upper limbs, trunk, and lower limbs, with each stretch held for 30 s.

[image: Flowchart detailing an exercise intervention during chemotherapy. It includes baseline assessments such as InBody, EGSM, CPET, and QS on day one. During chemotherapy, participants engage in exercise three days a week for twelve weeks, beginning with a five-minute warm-up at fifty to sixty percent HRmax using a treadmill, bike, or stepper. Aerobic exercises include continuous and interval training. Flexibility training involves 30-second stretches. Post-intervention assessments are repeated.]

FIGURE 1
 Exercise intervention protocol and times of outcome measurements. EGSM, electronic grip strength meter; CPET, cardiopulmonary exercise test; QS, questionnaire; ANT, anthracycline.


During hospitalization, patients in the exercise group were supervised by a rehabilitation therapist, while at home, they were instructed to self-supervise their exercise sessions, with remote supervision provided by researchers. All exercise sessions were prescribed and documented using a mobile WeChat app called “MicroMotion Manager,” developed by the Chinese team of “Exercise is Medicine,” along with a smart bracelet (Huawei 6, China). Patients were instructed to supervise exercise intensity using objective measures, such as heart rate, as well as subjective measures including the talk-test and rating of perceived exertion (RPE). Heart rate was maintained between 50 and 90% HRmax, while the talk-test ensured patients exercised at a level where they could speak with some breathlessness but could not sing. RPE was rated on a Borg scale of 6–20, with a target range between 13 and 16, representing “some exertion” to “a lot of exertion.” Mean exercise adherence was calculated as the average adherence across all participants, while exercise participation adherence and intensity adherence were calculated based on the actual attended sessions and the proportion of sessions achieving the target intensity, respectively.



2.5 Outcome assessments

All indicators were assessed before (prior to the first chemotherapy session) and after (prior to the fifth chemotherapy session) 4 cycles of chemotherapy (see Figure 1). Patients filled out questionnaires and scales, and underwent CRF tests and handgrip strength on the first day of hospitalization before (prior to the first chemotherapy session) and after (prior to the fifth chemotherapy session) the exercise intervention. Body composition was assessed in the morning of the second day of hospitalization, while patient was in a fasted state. Exercise adherence, the number and severity of exercise-related adverse events, gastrointestinal reactions, and myelosuppression, were recorded throughout the exercise intervention. The same tests were performed by the same physician before and after the intervention.


2.5.1 Body composition

Height was measured using a height meter (Sidi RGZ-160, China) with an accuracy of 0.01 m. Waist circumference (0.5–1 cm above the navel) and hip circumference (from the pubic symphysis to the most convex part of the gluteus maximus muscle) were measured with a tape measure (Jimei T1541, China) in the morning, while fasting and wearing light clothing, with an accuracy of 0.1 centimeter. These measurements were performed twice, and the mean values were recorded. Body composition was analyzed using a body composition analyzer (InBody 770, Korea), including measurements of body weight (accurate to 0.1 kg), body mass index (BMI), muscle mass, body fat mass, body fat percentage, and visceral fat area.



2.5.2 VO2peak and handgrip strength

The relative and absolute VO2peak were obtained by a physician using a standardized protocol and performed with a cycle ergometer (COSMED, Italy). The test protocol involved a 3-min rest period followed by cycling at a speed of approximately 55–65 rpm at 0 watts for 3 min. Subsequently, the workload was increased by 30 watts per minute until any three of the following four criteria were met: (1) oxygen consumption plateaued or exhibited a tendency to decline as power increased; (2) the respiratory exchange ratio reached approximately 1.05; (3) the heart rate approached ±10% HRmax; (4) the patient was unable to maintain the cycling rhythm for 10 consecutive seconds. Blood pressure was supervised every 2 min throughout the test, and the patient’s electrocardiogram (ECG) was continuously supervised using a 12-lead electrocardiogram.

Handgrip strength of habitual hand was assessed using an electronic grip strength meter (CAMRY EH101, China) with force measured to the nearest 0.1 kg. These measurements were performed twice, and the mean values were recorded.



2.5.3 Physical activity energy expenditure (PAEE)

The Chinese version of the International Physical Activity Questionnaire Short Form (IPAQ-SF) was used to measure the patients’ physical activity over the past 7 days (30). IPAQ-SF consists of seven questions on the duration and frequency of walking, moderate-intensity and higher-intensity exercise, and sedentary time. The energy expenditure of walking, moderate and high intensity activity were 3.3, 4.0 and 8.0 MET, respectively (31). PAEE for 1 week, excluding the METs generated by the exercise intervention, was calculated as follows: 3.3 × time spent walking + 4 × time spent in moderate-intensity activity + 8 × time spent in higher-intensity activity.



2.5.4 Anxiety and depression

The Self-rating Anxiety Scale (SAS) (32) and Self-rating Depression Scale (SDS) (33) were used to measure anxiety and depression, respectively, and both scales demonstrated good internal consistency (34). Each scale contains 20 items, rated on a 4-point Likert scale, where responses range from “1” (None or A little of the time) to “4” (Most or All of the time). The raw total scores for both the SAS and SDS range from 20 to 80, with higher scores indicating more severe anxiety and depressive symptoms (32–34).



2.5.5 Cancer-related fatigue

Cancer-related fatigue was assessed using the Chinese version of the Cancer Fatigue Scale (CFS), which has demonstrated good reliability and validity in clinical cancer populations, with a Cronbach’s alpha coefficient of 0.86 for the total scale (35). The CFS comprises15 items, divided into three subscales: physical, affective, and cognitive. Each item is rated on a 5-point Likert scale, with scores ranging from 1 (“not at all”) to 5 (“a lot”) indicating the level of fatigue. The scores for each subscale are obtained by summing the scores of the items within that subscale. The physical fatigue subscale scores range from 0 to 28, while both the affective and cognitive subscales range from 0 to 16. The total fatigue score is the sum of the subscale scores, with a range from 0 to 60. Higher scores indicate more severe fatigue.



2.5.6 Sleep quality

The Chinese version of the Pittsburgh Sleep Quality Index (PSQI) scale, with a test–retest correlation coefficient of 0.809, was used as a self-report assessment tool to evaluate sleep quality over a one-month period (36). The 18 self-assessment items of the PSQI compose seven components, including subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances, use of sleeping medications, and daytime dysfunction, with each component scored on a scale of 0–3. The total scores of the PSQI range from 0 to 21, with higher scores indicating poorer sleep quality (36).



2.5.7 QoL

The QoL was assessed by the Chinese version of the Functional Assessment of Cancer Therapy-Breast (FACT-B, V4.0), which has demonstrated good reliability with re-test correlation coefficients ranging from 0.82 to 0.89 for each component (37). The FACT-B comprises 36 items, organized into four subscales (physical, social/family, emotional, and functional) along with an additional breast cancer-specific subscale. Each item is rated on a 5-point Likert scale, ranging from 0 to 4, and the total score ranges from 0 to 144.



2.5.8 Gastrointestinal reactions and myelosuppression

The frequency and severity of gastrointestinal reactions and myelosuppression were assessed by reviewing the patient’s electronic medical record and interviewing the attending physician. Gastrointestinal reactions included decreased appetite, nausea and vomiting, difficulty eating, diarrhea, and mouth ulcers. Myelosuppression was characterized by varying degrees of reduction in white blood cells, platelets, hemoglobin, and neutrophils. Both myelosuppression and gastrointestinal reactions were graded according to the classification standards set by the World Health Organization, utilizing a scale ranging from 0 to IV degree (38).



2.5.9 Exercise-related adverse events

Exercise-related adverse events were recorded during the exercise intervention. These events were categorized as serious adverse events if they resulted in death, posed a life-threatening situation, necessitated hospitalization (or prolonged hospitalization), or caused sustained severe disability or incapacity.




2.6 Statistical analysis

Outcome analysis was conducted on the basis of modified intention-to-treat analyses (39). Continuous variables are expressed as mean ± standard error (X ± se), and categorical variables are expressed as n (%). Shapiro–Wilk’s and Levene’s tests were used to assess normality and homogeneity of variance, respectively. Baseline values were compared using independent t tests for continuous variables and chi-square tests for categorical variables (χ2). Missing data were filled in using the median value of multiple imputations (five imputations). Differences in outcome indicators between the two groups after the intervention were compared by repeated measures ANOVA using a general linear model when baseline values were not significantly different, and by analysis of covariance when baseline values were significantly different. Bonferroni correction was used for post hoc comparisons. Data analysis was performed using SPSS 25 (IBM, United States), with p < 0.05 considered statistically significant. The partial eta-squared ([image: The image shows the mathematical symbol eta sub p squared.]) value was used to quantify effect size (40). The effect sizes were categorized as small ([image: Lowercase Greek letter eta with a squared superscript, followed by subscript p.]= 0.01 to <0.06), medium ([image: The symbol for partial eta squared, represented as the Greek letter eta with a squared superscript, followed by a subscript p.]= 0.06 to <0.14), or large ([image: The Greek letter eta with a superscript two and a subscript p.]≥ 0.14) (41).




3 Results


3.1 Patient’s basic information

The flow of participants in the study is in Figure 2. A total of 44 patients were recruited (23 patients in the exercise group and 21 patients in the control group), and a total of four patients were lost, of which two were lost because of changing hospitals for treatment (two in the control group), one changed chemotherapy regimen in the middle of the day (one in the exercise group), and one had poor adherence to chemotherapy for personal reasons (one patient in the exercise group), and finally, 40 patients were left (21 in the exercise group and 19 in the control group). There was no difference in the basic information of the lost patients in the two groups. In addition, there was no significant difference in the basic information between the control group and the exercise group (p > 0.05) (Table 1).

[image: Flowchart depicting a randomized controlled trial with 44 participants from Sanhuan Cancer Hospital. Participants are divided into an exercise group (23 participants) and a control group (21 participants). In the exercise group, two participants were lost to follow-up due to a change in chemotherapy regimen and poor treatment adherence, resulting in 21 completing post-intervention assessments. The control group lost two participants to follow-up due to changing hospitals, leaving 19 for post-intervention assessments. Both groups' final numbers were analyzed as 21 and 19, respectively.]

FIGURE 2
 Flow of participants in the study.




TABLE 1 Patient’s basic information.
[image: Table comparing control and exercise groups in a medical study. It includes demographics such as age, height, weight, and BMI; menstruation status; concomitant conditions like hypertension and diabetes; molecular tumor type; tumor stage; chemotherapy types; and protocols. P-values assess statistical significance.]



3.2 Changes in patients’ physical and mental health


3.2.1 The health-related physical fitness

As shown in Table 2, before the intervention, there were no significant differences in the indicators between the two groups. After the intervention, a significantly higher relative VO2peak (+2.425 mL/kg/min, p = 0.003) and handgrip strength (+7.100 kg, p < 0.001) in the exercise group compared with the control group. The body fat mass (+1.016 kg, p = 0.013), body fat percentage (+1.426%, p = 0.009), and visceral fat area (+7.174 cm2, p = 0.011) were significantly higher, while handgrip strength (−1.247 kg, p = 0.017) was significantly lower after the intervention than before the intervention in the control group. The waist circumference (−3.024 cm, p = 0.011) and waist-to-hip ratio (−0.031, p = 0.003) were significantly lower, while handgrip strength (+3.062 kg, p < 0.001) was significantly higher after the intervention than before the intervention in the exercise group.



TABLE 2 Changes in the health-related physical fitness.
[image: A table comparing the effects of an intervention on two groups: control (n = 19) and exercise (n = 21). Metrics include weight, BMI, muscle mass, fat mass, body fat percentage, visceral fat area, waist and hip circumference, waist-to-hip ratio, absolute and relative VO₂ peak, and handgrip strength. Data is presented before and after intervention for both groups, showcasing changes. Statistical significance is noted with asterisks: **p<0.01 for between-groups, *p<0.05, and #p<0.01 for intragroup comparisons.]

A post hoc sensitivity analysis for missing data with multiple imputations was performed by comparing the results of general linear model repeated measure ANOVA before and after multiple imputation (Table 3).



TABLE 3 Results of GLMM ANOVA before and after multiple imputation.
[image: Table displaying F-statistics, P-values, and partial eta squared for a general linear model repeated measure. It includes data for absolute and relative VO₂peak before and after imputation. Significant differences are bolded.]



3.2.2 PAEE

As shown in Table 4, there was no significant difference in PAEE between the two groups before the intervention. After the intervention, a significantly higher PAEE in the exercise group compared with the control group (+736.553 MET/min/w, p = 0.001). The PAEE was significantly lower in the control group (−122.026 MET/min/w, p = 0.039), while significantly higher in the exercise group (+517.738 MET/min/w, p = 0.001) after the intervention than before the intervention.



TABLE 4 Changes in PAEE.
[image: Comparison table showing Physical Activity Energy Expenditure (PAEE) in MET/min/w for control and exercise groups before and after intervention. The control group (n = 19) shows a decrease from 325.47 ± 61.65 to 203.44 ± 38.55. The exercise group (n = 21) increases from 381.98 ± 73.60 to 899.71 ± 164.89. Significant differences are noted with symbols for statistical relevance.]



3.2.3 Anxiety and depression

As shown in Table 5, there were no significant differences in anxiety and depression between the two groups before the intervention. After the intervention, a significantly lower scores both in anxiety (−5.737, p = 0.007) and depression (−7.000, p = 0.028) in the exercise group compared with the control group. Both anxiety (+4.368, p = 0.004) and depression (+4.474, p = 0.025) scores were higher in the control group after the intervention than before the intervention.



TABLE 5 Changes in anxiety and depression.
[image: Table comparing anxiety and depression scores before and after intervention in control and exercise groups. Control group (n=19) shows anxiety scores: 32.63±1.13 (before), 37.00±1.49 (after); depression scores: 36.26±1.17 (before), 40.74±2.29 (after). Exercise group (n=21) shows anxiety scores: 30.95±1.04 (before), 31.76±1.27 (after); depression scores: 35.05±1.22 (before), 34.57±1.67 (after). Significance levels: *p<0.05 and **p<0.01, with notes on intra and intergroup comparisons.]



3.2.4 Cancer-related fatigue

As shown in Table 6, there were no significant differences in the score of the three subscales between the two groups before the intervention. After the intervention, a significantly lower scores both in physical fatigue (−6.105, p < 0.001) and affective fatigue (−3.579, p < 0.001) in the exercise group compared with the control group. The scores of physical fatigue (+4.158, p = 0.002), affective fatigue (+1.474, p = 0.007), and cognitive fatigue (+2.632, p = 0.018) were higher in the control group after the intervention than before the intervention.



TABLE 6 Changes in cancer-related fatigue.
[image: Comparison table showing fatigue levels in control and exercise groups before and after an intervention. Control group (n=19) physical fatigue: 8.63 to 12.79, affective fatigue: 6.89 to 8.37, cognitive fatigue: 5.74 to 8.37. Exercise group (n=21) physical fatigue: 7.24 to 7.00, affective fatigue: 5.90 to 4.95, cognitive fatigue: 4.95 to 5.81. Significant differences are marked with p-values.]



3.2.5 Sleep quality

As shown in Table 7, there were significant between group differences in sleep latency, sleep efficiency and total score before intervention. Analysis of covariance showed that there was no significant difference between the two groups after the intervention (p > 0.05). After the intervention, a significantly lower scores in subjective sleep quality (−0.632, p = 0.010), sleep disturbances (−0.632, p = 0.004), and daytime dysfunction (−0.842, p = 0.007) in the exercise group compared with the control group.



TABLE 7 Changes in sleep quality.
[image: Table comparing sleep-related measures between control and exercise groups before and after intervention. Measures include subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances, use of sleeping medications, daytime dysfunction, and total score. Exercise group shows improved scores in most categories after intervention, indicated by asterisks for significance levels.]

The score of sleep disturbances was significantly higher in the control group after the intervention than before the intervention (+0.597, p = 0.004).



3.2.6 QoL

As shown in Table 8, there were no significant differences in the score of the five subscales between the two groups before the intervention. After the intervention, a significantly lower scores in physical well-being (−6.747, p < 0.001) and emotional well-being (−2.263, p = 0.019), while a significantly higher scores in functional well-being (+8.474, p < 0.001) in the exercise group compared with the control group. Physical health score in the control group were significantly higher after the intervention than before the intervention (+5.158, p < 0.001). Functional health score in the exercise group were significantly higher after the intervention than before the intervention (+2.667, p = 0.017).



TABLE 8 Changes in QoL.
[image: Table comparing well-being scores before and after intervention for control and exercise groups. Categories include physical, social/family, emotional, and functional well-being, additional concerns, and total score. Significant differences are marked with asterisks, indicating statistical significance.]



3.2.7 Gastrointestinal reactions and myelosuppression

During the exercise intervention, patients in the control group received a total of 76 anthracycline-based chemotherapy treatments, while patients in the exercise group received a total of 84 anthracycline-based chemotherapy treatments. The occurrence of gastrointestinal reactions and myelosuppression in the patients is shown in Table 9.



TABLE 9 Occurrence of gastrointestinal reactions and myelosuppression in patients.
[image: Table comparing gastrointestinal reactions and myelosuppression between control (n=19) and exercise groups (n=21). Gastrointestinal reactions are categorized as I, II, III with exercise group showing lower percentages in categories II and III. Myelosuppression results show the exercise group has fewer severe cases. Chi-square values: 7.174 and 18.571; p-values: 0.028 and <0.001, indicate statistical significance.]



3.2.8 Exercise-related adverse events and exercise adherence

No serious exercise-related adverse events were observed during the exercise intervention. However, patients in the exercise group did experience non-serious events during exercise, including toe pain, knee pain, and weakness, as detailed in Table 10.



TABLE 10 Adverse events during exercise in patients in the exercise group [cases (times)].
[image: Table listing cases of symptoms. Toe pain: 2 cases (8 times), knee pain: 1 case (1 time), weakness: 12 cases (59 times).]

Out of the 720 planned sessions (18 carried out 36 sessions and 3 carried out 24 sessions) for the exercise group, patients participated in 589 sessions, resulting in an average adherence rate of 81.8% (range 61.1% ~ 100%), Additionally, the average adherence to exercise cycle duration was 91.9% (range 70.0% ~ 100%), and the average adherence to exercise intensity was 92.5% (range 78.6% ~ 100%).





4 Discussion

The main finding of this study was that the body fat mass, body fat percentage, and visceral fat area were significantly higher after the intervention than before the intervention in the control group, while the waist circumference and waist-to-hip ratio were significantly lower after the intervention than before the intervention in the exercise group. Additionally, relative VO2peak and handgrip strength were significantly increased, and overall sleep quality and QOL were significantly improved, while anxiety, depression and cancer-related fatigue level significantly reduced in the exercise group compared to the control group. Notably the exercise intervention was well-tolerated, with no reports of serious adverse events among participants. Furthermore, individuals in the exercise group experienced fewer gastrointestinal reactions and myelosuppression symptoms, with overall less severe symptoms compared to the control group. These findings underscore the safety and potential benefits of wearable device-based aerobic exercise during chemotherapy for breast cancer patients. Moreover, the observed improvements in fitness levels suggest broader implications for enhancing overall health and well-being in this population.

Studies have demonstrated that patients undergoing chemotherapy for breast cancer often experience weight gain and adverse alterations in body composition, characterized primarily by an increase in fat mass without concurrent loss of muscle mass (7). This heightened adiposity elevates the risk of tumor recurrence and diminishes treatment response (7, 8). Notably, the accumulation of fat in the abdomen, particularly excessive visceral fat, is strongly linked to the onset of metabolic and cardiovascular diseases (42), thereby influencing the trajectory and efficacy of cancer treatment and heightening the risk of cancer-related mortality (43). Waist circumference and waist-to-hip ratio serve as standard indicators for diagnosing abdominal obesity and exhibit positive correlations with total visceral fat quantified through abdominal CT scans (42, 44). A key finding of this study was the significant reduction in waist circumference and waist-to-hip ratio observed in the exercise group, while the control group had a significant increase in body fat mass, body fat percentage, and visceral fat area following the intervention. This suggests that aerobic exercise may effectively prevent fat gain and improve fat distribution among breast cancer patients, thereby holding meaningful clinical significance in reducing the risk of cardiovascular disease and cancer recurrence. There were no differences in weight loss, BMI, and several indicators of body fat accumulation and distribution between the two groups, it may take more time to observe significant changes, and exercise could prevent or at least slow down the rate of growth in the negative direction.

Another important finding from our study was that relative VO2peak and handgrip strength were significantly increased. It is worth noting that for every additional 1 mL/kg/min increase in oxygen uptake in women, the risk of all-cause mortality decreases by 11.3% (45). Although the relative VO2peak in the exercise group of our study increased by 0.71 mL/kg/min, which was lower than the expected increase reported in previous research (46), the increase of 2.425 mL/kg/min in the exercise group compared with the decrease in VO2peak in the control group suggests that aerobic exercise was effective in preventing the decrease in VO2peak. Furthermore, the percentage of functional disability was lower in the exercise group compared to the control group after the intervention (35% vs. 75%). Enhanced CRF enables patients to experience reduced fatigue and dyspnea during daily and recreational activities (46). Additionally, the increased grip strength observed in the exercise group might contribute to an improved functional domain of QoL and aid in their return to routine activities (47). Patients with cancer who have higher grip strength may have better performance in daily activities and recreational tasks requiring upper extremity strength, such as towel wringing, vacuuming, gardening, shopping, and exercising (14). Moreover, greater grip strength may correlate with fewer co-morbidities and reduced surgical complications (e.g., lymphedema, muscle adhesions, and decreased mobility) (14). Finally, higher grip strength has been associated with a reduced risk of mortality. The cut-off of low handgrip strength less than 16.1 kg was associated with cancer mortality in women with breast cancer, with a hazard ratio of 1.593 (15, 48). The relative increase of 4.32 kg in the exercise group compared to the control group’s decrease in handgrip strength effectively prevented a decline in handgrip strength.

Consistent with the results of the present study, Chen et al. (49) found that a home-based exercise regimen of 3 days per week, with each session lasting 40 min, significantly reduced anxiety and depression compared to usual care treatments. The mechanisms through which exercise improves anxiety and depression encompass both biological and psychosocial factors, including the production of “pleasure” chemicals in the brain (e.g., endorphins, dopamine), neural signaling repair, reduction of inflammation, exposure to pleasant outdoor environments, social interaction, distraction from stress, enhanced self-efficacy, and increased self-esteem (50). Additionally, a review by Singh et al. (51) revealed that exercise interventions lasting ≤12 weeks were more effective in alleviating anxiety and depression compared to that lasting ≥12 weeks. This difference may be attributed to exercise adherence, so how to help patients maintain training is a challenge, highlighting the importance of selecting appropriate approaches to optimize adherence to the long-term exercise regimen.

A novel finding of this study was the observation that the exercise group experienced fewer gastrointestinal reactions and myelosuppression and exhibited less severe symptoms compared to the control group, implying that aerobic exercise might relieve the gastrointestinal reactions and myelosuppression commonly associated with chemotherapy. Myelosuppression, characterized by a decrease in leukocyte count, is a frequent side effect of chemotherapy, weakening the body’s immune system and predisposing individuals to serious infections and bleeding. Good sleep quality is crucial for immune function, as it enhances sympathetic excitability to adrenergic receptor-mediated actions in bone marrow cells and regulates the migration efficiency of bone marrow stem cells, thereby stimulating leukocyte proliferation (52). Following the intervention, the exercise group demonstrated improved sleep duration and experienced fewer sleep disturbances and less daytime dysfunction compared to the control group. Sleep quality is influenced by various factors, including physical activity level, physical functioning, fatigue, and spirituality, and improvements in these aspects may contribute to enhanced sleep quality and improvements in the physical, emotional, and functional domains of QoL.

Chemotherapeutic drug-induced vagal reflexes, leading to the gag reflex, have been associated with pentraxin receptor-3 (5-HT3) inhibition (53). However, studies have indicated that exercise functions as a 5-HT3 agonist, thus potentially alleviating depression (54). Therefore, aerobic exercise may alleviate gastrointestinal reactions through alternative pathways. Cao et al. (52) proposed that an optimistic perception gives patients a sense of control over their disease and enables effective coping with adverse effects of chemotherapy, including gastrointestinal reactions and myelosuppression. Aerobic exercise could potentially reduce patients’ perceptual stress, thereby fostering a greater sense of control over adverse effects. This may also be one of the reasons why aerobic exercise improved physical well-being and additional concerns of QoL.

No serious exercise-related adverse events occurred in patients in the exercise group of this study, indicating that is safe to perform wearable device aerobic exercise during chemotherapy. The mean exercise adherence in this study was 81.3%, which is higher than previous studies reporting of 63.2% ~ 76% for a 12-week exercise intervention (55, 56). In this study, smart wearable devices were used in this study for supervision and management to improve patients’ exercise adherence (20–22). The notable improvement in exercise adherence contributed significantly to the substantial increase in PAEE and the enhancement of physical and mental health among patients in the exercise group. However, it is unclear if it would generate additional benefits compared to aerobic exercise without wearable devices.



5 Limitations and suggestion

The study has several limitations, first, comparisons of the effects of exercise without and with wearable devices were not made due to the challenge of recruiting large number of patients in the clinical setting. Second, although exercise workouts were scheduled for patients three times a week, the increase in PAEE in the exercise group may be attributed to patients’ increased spontaneous walking after experiencing symptom improvement. Despite this, we continued to monitor and control the exercise regimen as part of our randomized controlled trial. Future research endeavors could focus on recruiting larger cohorts, if feasible, to explore the long-term effects of exercise in this population with precise equipment to monitor follow-up in real time.



6 Conclusion

In conclusion, this study demonstrates that engaging in moderate to high-intensity wearable device-based aerobic exercise for three times a week over a period of 12 weeks yields numerous benefits for breast cancer patients undergoing chemotherapy. The observed improvements in physical and mental health may empower patients, fostering a more energetic and positive mindset to combat cancer. Importantly, exercise serves as a non-side-effective, non-resistant, and cost-effective intervention compared to pharmacological treatments.
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Background: The study aimed to evaluate self-perceived changes in lifestyle factors, particularly physical activity (PA), following the transition from secondary school to university. A secondary objective was to examine the relationship between lifestyle variables and weekly PA frequency. Key factors assessed included sleep quality, dietary habits, alcohol and tobacco consumption, and PA frequency.
Methods: The study surveyed 1,665 first-year undergraduate students at Slovak public universities (mean age: 20.73 years, SD ±1.39) using adapted versions of Healthy Lifestyle Questionnaire (CEVS-II) and the Brief Pittsburgh Sleep Quality Index (B-PSQI). Data collection took place between December 2022 and February 2023.
Results: Significant declines were observed in most lifestyle variables after students transitioned to university. The proportion of students engaging in irregular, or no PA increased from 37% before university to 46% during their studies (p < 0.01). Reports of tiredness upon waking also rose, from 52 to 64% (p < 0.01). Meal frequency decreased, particularly among males, with the percentage of students eating only 1–2 meals per day rising from 9 to 15% (p < 0.05). Conversely, the regularity of breakfast consumption increased, increasing from 65 to 73% (p < 0.01). No significant changes were observed in tobacco smoking habits.
Conclusion: The findings highlight a notable reduction in PA and other lifestyle factors during the transition to university life. These results emphasize the need for targeted interventions to support healthy behaviors during this critical life phase.
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1 Introduction

Entering university is a pivotal moment in young people’s lives, bringing significant changes across various aspects. While secondary education is marked by structured tasks and responsibilities overseen by parents and teachers, university students take on greater responsibility for their own health and habits. The first year of university is particularly critical for risk-taking behavior as students adapt to a new environment. However, this period also presents an opportunity to establish or modify healthy habits (1).

According to previous studies, it is estimated that around 50% of the global student population suffers from sleep problems (2). The primary barriers to achieving good sleep hygiene among university students include excessive use of technology (e.g., computers, cell phones, and exposure to light before bed), consumption of substances like caffeine, energy drinks, alcohol, and stimulants, as well as irregular study schedules and insufficient physical activity (3, 4). These factors significantly disrupt sleep patterns, leading to poor sleep quality and other related health issues (2).

Adolescence and young adulthood, including the transition to university, represent critical periods for the development of tobacco smoking habits. Over 30% of current smokers worldwide began smoking daily by the age of 16, with a significant portion starting between the ages of 15 and 24 (5).

Although heavy drinking among youth has been declining in European and other high-income countries since the 2000s, it remains prevalent at universities, largely because it plays a significant role in how students form social connections during a critical period—particularly in the early months of their first year (6). Many first-year students use alcohol as a tool to foster social bonds and integrate into key aspects of student life, such as student housing and social events organized by student societies (7).

In non-clinical populations, food addiction is more common among college students (24%) than the general population (20%) (8). College students are a recognized risk group for eating disorders, as the transition to college often leads to changes in eating habits. This period is typically marked by limited food variety, meal skipping, high-calorie snacking, and food choices driven by taste and pleasure (9).

There is strong evidence that regular physical activity (PA) could be a highly effective, non-pharmacological and non-invasive method of promoting health (10–12). A PA-supportive lifestyle is associated with a reduced risk of mortality and correlates with improved overall health (13, 14). A large number of epidemiological studies in recent decades have found that individuals who are more physically active have a lower incidence of cardiovascular disease and all-cause mortality compared to sedentary individuals (15). There are some important associations between individual lifestyle factors and PA. However, studies are inconclusive and often suggest conflicting findings.

Based on the above findings, the purpose of our study was to determine the lifestyle changes that occurred in students during the transition from secondary school to university, and to explore how certain factors were linked to students’ physical activity (PA) levels during both periods. We hypothesized that unhealthy behaviors would increase after students entered university.



2 Materials and methods


2.1 Participants and settings

The cohort for this cross-sectional study consisted of 1,665 first-year university students from all universities in Slovakia, who voluntarily participated. Of these participants, 488 (29.3%) were male, and 1,177 (70.7%) were female. The required sample size was calculated using a Sample Size Calculator to ensure statistical reliability, based on a population of 38,382 first-year bachelor’s degree students in Slovakia during the academic year 2022/2023. The confidence interval was set at 3, with a minimum sample size of 1,038 students.

Participants were between 18 and 24 years old, with an average age of 20.73 years (± 1.39). Males were significantly older than females, with a mean age of 20.95 years (± 1.43) compared to 20.64 years (± 1.36) for females (p < 0.001). Sociodemographic details such as age, gender, residence, and nationality are further outlined in Tables 1, 2.



TABLE 1 Basic somatic characteristics of the study participants.
[image: A table displaying data for three groups: All, Men, and Women. It shows sample sizes (N), average ages in years, weights in kilograms, heights in centimeters, and body mass indexes (BMI), each with standard deviations. The figures for these metrics are: All - N=1,665, Age=20.73±1.39, Weight=69.49±11.7, Height=174.3±7.2, BMI=22.7±3.43; Men - N=488, Age=20.95±1.43, Weight=78.9±13.2, Height=181.3±7.9, BMI=23.96±3.51; Women - N=1,177, Age=20.64±1.36, Weight=60.1±10.3, Height=167.3±6.4, BMI=21.46±3.35.]



TABLE 2 Basic demographic characteristics of the study participants (N).
[image: Table showing population data distributed by gender, focus of study, and nationality in cities over and under fifty thousand inhabitants, and villages. Data columns include: "City over 50 thousand inhabitants," "City under 50 thousand inhabitants," and "Village." Categories for analysis include gender (all, men, women), focus of study (humanities and social sciences, technical sciences, medical sciences), and nationality (Czech, Slovak, Ukrainian), with corresponding values for each category.]

The inclusion criteria for the study were: being a first-year undergraduate student, aged between 18 and 24, and enrolled in any of the 16 public or 4 technical universities in Slovakia. Initially, 2,174 students were surveyed, but students from upper years (n = 386), those outside the 18–24 age range (n = 96), and students retaking their first year (n = 27) were excluded from the final sample (16, 17).

A questionnaire survey was used to conduct the research. Data collection started in December 2022 and was completed in February 2023. Female bachelor’s degree students were approached through Instagram and Facebook social networking sites, and the questionnaire was administered using the Google Form application. This way of completing a questionnaire is convenient and preferred by the younger generation. Another advantage of the online form is creating the questionnaire in such a way that requires all questions to be answered by the participants, without allowing for any questions to be left unfilled. The questionnaire included written information about the scientific significance of the study and information about the confidentiality of the answers. A precondition was the respondent’s willing consent to be involved in the study.



2.2 Applied questionnaires

Self-reported socio-demographic and health data (gender, date of birth, health status, residence, nationality, university, type of study), body height and weight date were collected. The Body Mass Index (BMI) was calculated as the body weight in kilograms divided by the square of height in meters and categorized as underweight (BMI <18.5 kg/m2), healthy weight (BMI 18.5 to 24.9 kg/m2), overweight (BMI 25 to 29.9 kg/m2), and obese (BMI > 30.0 kg/m2).

To assess lifestyle of university students we conducted a questionnaire survey. To measure balanced diet, respecting meal schedules, resting habits, tobacco consumption, alcohol consumption, use of other substances, and PA we used an adapted version the Healthy Lifestyle Questionnaire (CEVS-II). The internal consistency of the original CEVS-II is reported to be high across various dimensions of the questionnaire. For the different subscales Cronbach’s alpha values typically range from 0.70 to 0.85, indicating good reliability (18). However in our version the Cronbach’s alpha values ranged from borderline 0.58 for physical activity to good 0.88 for smoking.

To measure the sleep quality retrospectively over the previous month using self-report/recall we used an adapted version the Brief Pittsburgh Sleep Quality Index (B-PSQI) which is designed to assess overall sleep quality, sleep latency, sleep duration, and sleep disturbances. The original brief form has adequate internal consistency (Cronbach α = 0.79) (19). Our adaptation had lower but still satisfactory internal consistency (Cronbach α = 0.59).

Our adaptation was intended to assess the behavior of students during these two distinct periods. Specifically, we investigated individual lifestyle variables in the final year of secondary school (the last semester, excluding summer holidays) and upon entry to university (the first semester of study, excluding the exam period). As we aimed to monitor changes in sleep quality and quantity, as well as selected lifestyle factors, in relation to secondary school attendance, we supplemented the questionnaires with questions specifically designed to capture alterations in these variables before and during the first year of university.

The primary variable we related to lifestyle factors was the frequency of PA per week. We accepted any purposeful PA (cycling, running, swimming fitness, etc.) except for walking. These activities further excluded activities of a routine nature—housework, gardening, etc. Another condition was to perform a single PA for more than 10 min.



2.3 Statistical analysis

In terms of basic mathematical and statistical processing, in the so-called univariate descriptive statistics, parameters such as absolute and relative frequency were employed for the statistical description of variables.

Non-parametric tests were used for the analysis, due to the lack of normality of distribution of the examined variables or due to their ordinal nature. The normality of the distributions was assessed using the Shapiro–Wilk W test. The Pearson chi-square test was used to compare the variables in the two groups. The Wilcoxon pairwise order test was used to compare the results over two time periods in the same group.

Statistical analysis was conducted using the IBM SPSS Statistics software version 29, and the statistical significance of the results obtained was determined at a significance level of α = 0.05.




3 Results

BMI of the participants ranged from 13.41 to 44.98 kg/m2. The average BMI of the respondents was 22.2 kg/m2 ± 3.63 kg/m2. Men had significantly higher BMI compared to women (p < 0.001; Table 3).



TABLE 3 BMI of the study participants.
[image: Table showing basic descriptive statistics of BMI for women, men, and combined. Women: N=1177, Mean=21.47, Median=20.70. Men: N=488, Mean=23.96, Median=23.52. Combined: N=1665, Mean=22.20, Median=21.48. Mann–Whitney U test: Z=-14.68, p<0.001.]

Most of the subjects were of normal weight (70.3% of the total). Normal weight and underweight were more common in women, while overweight and obesity were more common in men. The difference in body build between men and women was statistically significant (p < 0.001; Table 4).



TABLE 4 BMI ranges of the study participants.
[image: Table showing BMI distribution among women and men. Categories: Below Average (Women: 14.7%, Men: 2.7%), Average (Women: 71.8%, Men: 66.6%), Overweight (Women: 10.7%, Men: 25.2%), Obesity (Women: 2.8%, Men: 5.5%). Pearson's chi-square test statistic is 101.67 with p-value less than 0.001.]

Compared to the period of study at secondary school, the current body weight of 33.3% of the respondents was higher, 23.1% lower, while 37.8% of the respondents reported no change, and 5.9% of them were unable to assess the change. Men (39.8% vs. 30.6%) were more likely to report higher current body weight. In contrast, women more often declared having a currently lower (25.5% vs. 17.2%) or the same (38.1% vs. 37.1%) body weight. Gender differences were statistically significant (p < 0.001; Table 5).



TABLE 5 Weight change compared to secondary school.
[image: Table showing percentage distribution of responses among women, men, and overall. Categories are "Higher," "Lower," "No change," and "Hard to tell," with total numbers and percentages provided. Women: Higher (30.6%), Lower (25.5%), No change (38.1%), Hard to tell (5.9%). Men: Higher (39.8%), Lower (17.2%), No change (37.1%), Hard to tell (5.9%). All: Higher (33.3%), Lower (23.1%), No change (37.8%), Hard to tell (5.9%). Total sample size is 1,665. Chi-square value is 19.05, p-value is less than 0.001.]

The change in weight gain also differed between men and women (p = 0.046). On average, men gained more weight than women. However, the most common weight gain was between 0 and 3 kg (53.5%), less common was 4–5 kg (29.8%) or more than 6 kg (16.8%; Table 6).



TABLE 6 Change in weight compared to secondary school—increase.
[image: Table showing weight increase categorized by gender. For women: 55.4% increased by 0-3 kg, 30.4% by 4-5 kg, and 14.2% by 6 kg or more. For men: 50% increased by 0-3 kg, 28.6% by 4-5 kg, and 21.4% by 6 kg or more. Overall percentages: 53.5% increased by 0-3 kg, 29.8% by 4-5 kg, 16.8% by 6 kg or more. Total participants: 716. Pearson's chi-square value is 6.12 with a p-value of 0.046.]

The negative change did not differ between men and women (p = 0.537). The weight loss of the students was usually no more than 3 kg (62.7%; Table 7).



TABLE 7 Change in weight compared to secondary school—decrease.
[image: A table comparing weight reduction categories for women and men. The categories include lower by 0-3 kg, 4-5 kg, and 6 kg or more. Women have 61.9% for 0-3 kg, 21.0% for 4-5 kg, and 17.1% for 6 kg or more. Men have 65.0% for 0-3 kg, 22.7% for 4-5 kg, and 12.4% for 6 kg or more. Total percentages across all are 62.7%, 21.4%, and 16.0%, respectively. The chi-square value is 1.24 with p = 0.537.]

A significant difference between the lifestyle variables examined before and after entering university was found for most variables (Table 8). Although there was no change in the time at which students fell asleep, arriving at university increased the number of students falling asleep after 10 pm and decreased the number of students falling asleep before 10 pm. The number of students falling asleep within 30 min decreased and the number of students falling asleep for more than 30 or 60 min increased. The universities are dominated by students who get up after 8 am, which is to be expected given the nature of university study. We found no difference in the variable number of hours of sleep for males compared to secondary school. The difference in substance use (alcohol, smoking) between secondary school and university is only significant for smoking among female students.



TABLE 8 The relationship between lifestyle variables before and during university (in %).
[image: Table comparing lifestyle factors of students before university and during the first semester, segmented by gender. Factors include sleep duration, time to fall asleep, wake-up time, sleep hours, morning tiredness, alcohol consumption, smoking, meal frequency, breakfast regularity, fruit and vegetable intake, and physical activity frequency. Statistical significance values are provided for each category, indicating changes and patterns.]

The results are also ambiguous when it comes to diet. We found no difference in the frequency of eating for female students compared to secondary school, and in the daily consumption of fruit and vegetables for males. The main difference between secondary school and university is observed in the implementation of PA. At university, there was a significant increase in the number of students who engaged in PA irregularly or not at all. The decrease is particularly noticeable among women.

In relation to gender (Table 9), we found statistically significant differences both before and during university in only 4 variables—morning tiredness upon waking up, frequency of alcohol consumption, daily intake of fruits and vegetables, and frequency of PA per week.



TABLE 9 Gender-related lifestyle factors.
[image: A comparison table showing various lifestyle factors, such as sleep and diet, before university and during the first semester. It includes chi-square values and significance levels. Key findings include significant changes in sleep and drinking patterns, with notable significance in factors like falling asleep and frequency of alcohol consumption during the first semester.]

Regarding individual lifestyle variables in relation to PA implementation (Table 10), we observed a significant relationship for a number of variables during university and for most variables reported prior to entering university.



TABLE 10 The relationship between PA and other lifestyle factors.
[image: Comparison table of lifestyle factors before going to university and during the first semester. It shows chi-square values and significance levels for variables like sleep duration, falling asleep, waking up, and dietary habits. Significant changes are observed in sleep duration, morning tiredness, alcohol consumption frequency, smoking, meal frequency, regularity of breakfast, and daily intake of fruits and vegetables, with most having p-values less than 0.01 during the first semester.]



4 Discussion

The aim of this study was to examine the extent to which changes in individual lifestyle factors occur with the transition from secondary school to university. A secondary aim was to examine the association between the individual factors and the frequency of PA per week. The results of our research suggest changes in several lifestyle factors upon transition from secondary school to university. We confirmed negative changes in sleep and dietary regimen; the greatest difference between secondary school and university study was found in the frequency of PA per week. In the latter, we observed a higher number of students exercising regularly 1–2 times per week, whereas after entering university, the number of students exercising only irregularly or not at all increased significantly. According to the standards of daily PA developed by the WHO, university students can be classified as a group of physically inactive persons with a strong tendency toward a sedentary lifestyle, which is in sharp contrast to their openly declared attitude toward PA (20). Longitudinal studies observing adolescents have shown a 24% decrease in PA, with the largest decrease occurring in the first year of college (21). In Europe, physical inactivity reaches 27% in adults aged 18 years and over, including the university population, with an even higher percentage of inactive adults in Slovakia (34.9%) (22). A review of 298 studies from 146 countries by Guthold et al. (23) found a high prevalence of inactive secondary school students aged 11–17 years (81%). Based on our research, we are consistent with Deliens et al. (24), who reported that this prevalence is highly likely to continue at university, as at this period undergraduates are often making autonomous lifestyle choices (e.g., behavior, eating) for the first time.

The transition to college or university is considered a critical period for students in forming habits. This is primarily due to changes in diet, but also in sleep, PA and increased alcohol intake as a potentially new legal experience and its availability without overt parental control. This was confirmed in our study for both sexes, except for the risk behaviors of alcohol intake in males and smoking in both sexes. Yet, some studies point to increased alcohol consumption and smoking during the transition to early adulthood (21). Research shows (25) that up to 20–40% of students engage in binge drinking. A systematic review of the determinants of risk behaviors among university students was conducted in 2017 by Arsandaux et al. (26). The authors reviewed 111 articles on the use of different substances (alcohol, tobacco, drugs). The majority of studies on alcohol is related to the frequency of consumption (n = 26), alcohol abuse (10) and binge drinking (n = 7). Several other studies dealt with smoking (n = 10), of which 9 studies investigated the relationship between self-esteem and smoking. Salgado García et al. (27) in a study of college students (n = 288) found an association between alcohol consumption and smoking and several other factors: different life domain stressors, family, lack of social support, and childhood stressors. Miramontes et al. (28) who surveyed Spanish first-year undergraduate students over 3 years found increased at-risk alcohol use among students who lived away from home, increased risk of binge drinking, and heavy episodic drinking among students who started earlier. The authors partially confirmed a relationship between increased risk of alcohol consumption and the mother’s education.

Lifestyle risk factors, which include smoking, alcohol abuse, unhealthy diet and physical inactivity, cluster under certain socio-demographic groups, including gender. Several studies have reported higher levels of physical inactivity in women compared to men and across all age groups (29, 30). Our study confirms this fact. Gender differences were also evident in alcohol consumption, which is consistent with some studies reporting higher alcohol consumption among men (31, 32). Regarding gender differences in dietary habits, we found no gender differences except for fruit and vegetable intake, in both secondary school and university. In general, women are more likely to adhere to a healthy diet and maintain healthy habits, while men are less likely to seek counseling on nutrition and health improvement (33, 34). Female students are also more interested in changing their eating habits than males. On the other hand, women are in most cases dissatisfied with their physique, and this combined with the influence of their environment and television advertising, may lead to eating disorders and poor eating habits, various diets, dietary modifications or even skipping meals.

In relation to the implementation of PA and individual lifestyle factors, we reached inconsistent findings. We found significant differences in most examined variables upon entering university, but not in secondary school. We found significant relationships in all items studied as regards dietary regimen. Eating habits, according to some authors, are mostly not directly related to the level of PA, which has been supported by several studies (35–37). However, most of the existing research on the relationship between PA and dietary habits deals with the pediatric population and, as reported by Sisay (35), the studies do not indicate how different levels of PA affect eating habits. Physical fitness and eating habits of students are closely linked to their attitudes toward health promotion and disease prevention (35, 38).

We found a consistent association, both after and before starting university, only between PA and bedtime and morning tiredness after waking up. Atkinson and Davemme (39) report several links between sleep and PA. They stress that an adequate transition period between PA and the onset of sleep may well be important to ensure good sleep. However, further research is needed to determine the optimal amount and timing of PA to reduce sleep-related problems. Short sleep duration appears to negatively affect engagement in PA (40). The authors found that late bedtimes were associated with frequent sitting and less time spent doing moderate PA. Flueckiger et al. (41) investigated the impact of PA and sleep quality on learning. Even average sleep quality had a significant effect on achieving a learning goal, but the study did not find a significant relationship between PA and learning. A connection between sleep duration, sedentary behavior, and PA was found by Chastin et al. (42). However, the authors did not find a direct relationship between sleep and PA.

With regard to associations between PA and risky behaviors (alcohol and smoking), we found such associations only among university students. In a study conducted by Henchoz et al. (43), PA that included sports and daily activities during work and leisure time was positively correlated with at-risk alcohol consumption. As reported by the authors, athletes may be encouraged to drink excessively compared to non-athletes due to peer pressure. This may be part of social norms or a form of compensation for the stress and anxiety in sport, the latter being more likely in competitive athletes.

Despite the claim by several authors that students tend to gain weight during the transition from secondary school to university (44–46), our study did not confirm such a finding. However, the subjective reporting of body weight by the participating students and their subjective reporting of weight change with the onset of university may be considered a drawback of our survey in this regard.

To build on the findings of the study and translate these insights into actionable strategies, it is essential to consider practical interventions that universities can implement to promote healthier behaviors among students.

To address the decline in physical activity (PA) among university students, institutions should implement accessible fitness programs such as group workouts or intramural sports to encourage regular exercise. Alongside this, sleep management workshops and resources are essential, given the increase in reported tiredness upon waking, to help students improve sleep quality (3). Dietary support is also crucial, with universities offering affordable, healthy meal options and promoting regular eating habits, particularly as meal frequency has decreased among students (9). Mental health resources, including stress management programs and counseling services, are necessary to address the broader lifestyle declines linked to the transition to university life (47).

To effectively introduce health behavior interventions, universities should incorporate health-focused sessions into pre-university orientation programs, introducing students to wellness resources such as gyms, counseling, and nutrition services. Peer mentorship programs can further support students in adopting healthy habits. On-campus health services should be easily accessible and include counseling, nutrition, and workshops on healthy living. Health campaigns, delivered through social media and campus events such as wellness fairs and “Healthy Eating Days,” can engage students in maintaining positive behaviors. Optional physical education courses, flexible gym access, and infrastructure like walking paths should be promoted to support active lifestyles.

Additionally, providing healthy dining options and organizing alcohol-free social events, while supporting student societies in integrating health-focused activities, can help foster a balanced and healthy campus environment. These early interventions are essential in helping students establish lasting healthy habits during their critical transition to university life (1).

In the context of the conclusions, the limitations of this study must be taken into account when interpreting the results. The present study was cross-sectional and no longitudinal data were available to assess differences in the lifestyle factors studied. The subjective self-assessment of individual lifestyle factors and the use of a retrospective design can be considered the disadvantages of this study. Based on these facts, we cannot rule out the possibility that recollections of individual lifestyle factors from the last 6 months, with the exception of summer vacation and the first 3 months at university, may have been subject to recall bias. Another limitation concerns the selection of the sample. The sample consisted of voluntary participants. Since no random or stratified sampling techniques were used, we did not record the refusal rate; it is not known to what extent it was truly representative of the population. One particular drawback of the study is the disproportion between males and females, which may not be representative of the male first-year university population.

The strength of this study lies in the large size of the study sample. The sample comprises first-year university students from Slovak universities and is representative with respect to demographic factors. To the best of our knowledge, no research on individual lifestyle factors, including physical activity, has been conducted on such a sample of undergraduate students in Slovakia. Our study thus makes a meaningful contribution to the literature on this topic.



5 Conclusion

The results of the analysis of the research conducted among Slovak university students indicate changes in most of the observed lifestyle factors at transitioning from secondary school to university. The results also proved an association between the selected lifestyle variables and physical activity. On the contrary, gender differences in the variables studied were minimal and ambiguous. The assessment of individual lifestyle factors of university students appears to be important, especially in the first year of study. This period of life is the final stage of formal education, allowing for the formation of healthy habits. This also applies to influencing the health of undergraduates and preventing a range of health problems. This study supports the importance of implementing PA at university. Universities and other institutions of higher education are well suited in terms of providing programs that promote healthy behaviors, improve health literacy, and prevent the onset of civilizational diseases. These outcomes can be reflected in the quality of life in later years. Many internationally renowned universities are becoming increasingly aware of the need to promote student health, including the promotion of physical activity and a healthy lifestyle. University education should go beyond specialization, and higher education should further cultivate people not only intellectually, but also in terms of their overall personality and physical well-being.
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Background: Perceived physical literacy (PL) is a potential factor for improving health and physical activity, but the relationship between PL and physical fitness (PF) among college students with different obesity levels has not yet been determined.
Purpose: The aim of this study was to explore the correlation between PL, moderate-to-vigorous physical activity (MVPA), and PF among college students with different obesity levels.
Methods: We recruited Chinese university students to complete a questionnaire and conducted a survey using the Perceived Physical Literacy Instrument Scale (PPLI-SC) and the International Physical Activity Questionnaire Short Form (IPAQ-SF). The physical fitness test data were used for data analysis. The direct and indirect impacts were analyzed using Pearson correlation and the SPSS Hayes process macro (Model 4).
Results: The study surveyed 909 boys and 1,668 girls for a total of 2,577 valid questionnaires. Similarly, the MVPA and perceived PL of boys were significantly greater than those of girls (p < 0.01), but the opposite was true for the PF score. The correlation analysis showed that MVPA, perceived PL, and PF were significantly correlated (p < 0.01). For normal weight student, the results showed that the direct effect of PL on PF was still statistically significant (β = 0.076, p < 0.01) after adding MVPA; MVPA had a positive effect on PF after controlling for perceived PL (β = 0.055, p < 0.05). Perceived PL has a positive effect on MVPA (β = 0.123, p < 0.01). The mediating effect of MVPA was notably significant, with a mediation effect percentage of 7.9%. However, it has been found that among the underweight population, there is an absence of a significant relationship between PL, PF, and MVPA (p > 0.05). Contrarily, in the overweight and obese groups, the mediating role of MVPA in the relationship between PL and PF was not statistically supported (−0.002, 0.033).
Conclusion: For normal weight student, perceived PL has a positive impact on PF and can also be promoted by increasing the pathway of MVPA. For both underweight individuals and obese populations, further investigation is needed into methods for promoting PA and improving PF.
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1 Introduction

Physical activity (PA) is beneficial for the development of physical and mental health (1, 2). Although an increasing number of physical activity strategies have been proposed, the phenomenon of physical activity is globally widespread (3). A sedentary lifestyle has evolved into a public health issue (4). One quarter of adults worldwide are unable to meet the global recommendations on physical activity levels (3). Significant changes have also taken place in college students’ physical activity (5). COVID-19 has led to a significant increase in sedentary behavior and a significant decrease in college students’ physical activity (6, 7). With increasing sedentary behavior, the stress, anxiety, and depression of college students significantly increase (8, 9). To address this challenge, it is necessary to improve the quality and quantity of physical activity participation throughout the entire life cycle to maintain a healthy and active lifestyle.

The importance of physical literacy (PL) has attracted widespread attention from the international community, and many countries have developed intervention models and policies based on PL to improve PA and health (10, 11). The World Health Organization has identified PL as an important component of its action plan to address global public health issues related to physical inactivity (12). PL is a multidisciplinary and comprehensive concept, and the intersection of motor skills, positive emotions, and motivation is the core element needed to ensure positive activity as well as the prerequisite and foundation for individuals to participate in PA throughout their lifetime (13). In recent years, there has been much discussion on the concept of PL, with additional research on the attributes of PL mainly focusing on emotions, physical abilities, cognition, and behavior. At present, the concept proposed by Whitehead has been widely accepted. Whitehead noted that physical fitness refers to the motivation, confidence, physical fitness, knowledge, and understanding to value and take responsibility for lifelong PA (14). Perceived PL plays an important role in developing healthy eating habits among adolescents (15). Individuals with higher levels of perceived PL will have greater confidence and ability to engage in various PAs. A survey targeting Chinese undergraduate students found a significant correlation between perceived PL and PA levels. This study provides a pathway for how enhancing perceived PL can promote PA among Chinese undergraduate students (16). Research has also found a close relationship between university students’ PL and health-related quality of life, with physical activity and subjective well-being playing mediating roles (17). At present, there are few tools available for evaluating the PL of college students (18, 19), and further research is needed to evaluate college students’ PL.

The physical fitness (PF) of college students has always been an important concern. The physical fitness testing for Chinese university students is guided by the “National Standards for Students’ Physical Fitness and Health” established by the Ministry of Education of China. The test items for university students include a 50-meter sprint, sit-and-reach flexibility test, standing long jump, pull-ups (for males), sit-ups (for females), a 1,000-meter run (for males), and an 800-meter run (for females) (20). However, the current situation of PF among college students is not optimistic. Research has shown a negative correlation between students’ physical fitness and anxiety symptoms (21). The home isolation environment during COVID-19 significantly reduced the physical fitness of college students, especially in terms of endurance and flexibility (22). A study revealed that a decrease in PF was observed between 1985 and 2014. With the advancement of urbanization, the physical fitness of both rural and urban students in these areas is decreasing (23). This finding confirms the decrease in PF among college students.

There is clear evidence that Perceived PL can have a positive impact on Moderate-to-Vigorous Physical Activity (MVPA) and health (24). There are positive correlations between PA and cardiovascular health and physical health, and both PA and prolonged sitting can affect PF (25). However, there is limited evidence for the role of physical activity in PL and PF, and it remains to be determined whether physical activity is involved in these pathways. At present, there are many studies on the relationship between the PL and PA, but there is a lack of research on the relationship between the PF and PA (26). There is limited evidence regarding the direct association between the PL and PF among college students with different obesity levels. Therefore, the purpose of this study was to explore the direct correlation between the PL and PF and to verify the role of MVPA among college students with different obesity levels. This study proposes a hypothesis path based on relevant research: Perceived PL positively affects PF, which can also be improved by increasing MVPA.



2 Methods


2.1 Study design and participants

This study adopted a cross-sectional design where participants were randomly solicited to partake in questionnaire completion. The Perceived Physical Literacy Index for Students (PPLI-SC) (18) was employed to assess the subjective levels of Physical Literacy (PL) among the study cohort, while the International Physical Activity Questionnaire Short Form (IPAQ-SF) (27) was utilized to gage their Physical Activity (PA).Physical health status evaluations were fundamentally rooted in the outcomes derived from a standardized physical fitness assessment tailored for collegiate populations. Additionally, comprehensive demographic data, encompassing gender, age, stature, and body mass, were systematically collected. Prior to engaging with the questionnaire, participants had furnished their informed consent, a process which involved meticulously reviewing an online consent form. Following their explicit agreement with its contents, they proceeded to populate the questionnaire. In contrast, those who withheld consent were automatically redirected away from the study. Participants were recruited randomly through physical education courses at universities to complete the questionnaire. The on-site guidance for filling out the questionnaire was provided jointly by professionals and physical education teachers. The testing period was from June 2023 to June 2024. To ensure rigorous ethical standards, it is emphasized that this research was subjected to and received ethical approval from the Scientific Experiment Ethics Committee of Shanxi Normal University (2024–0501).



2.2 Perceived physical literacy of college students

Ma adapted the initial set of 18 questions in the PPLI-SC, refining them into an eight-item instrument specifically calibrated for Chinese college students (18). This compacted version serves as a measure of the perceived PL among Chinese undergraduate students, focusing on four core dimensions: motivation, self-confidence, engagement in physical competitions, and environmental interactions. The instrument utilizes a validated five-point Likert scale, ranging from ‘strongly disagree’ to ‘strongly agree’, allowing for nuanced gradations in responses. The total score is calculated by aggregating the scores across all eight items, thus falling within a range between 8 and 40. A higher cumulative score signifies a more favorable perception of PL, thereby offering a more refined and contextually appropriate metric for assessing PL among this specific population subset.



2.3 Physical activity

PA was investigated with the IPAQ-SF. This scale is used to evaluate the frequency and duration of light, moderate and vigorous PA as well as meditation in the past week via seven questions. Moderate-to-vigorous physical activity (MVPA) was performed when 3.0 or more Metabolic Equivalents (METS) were performed. The duration of the questionnaire was measured in hours and minutes, and the activity frequency was recorded in days. The responses are subsequently translated into metabolic equivalents (MET minutes). The MVPA score refers to the sum of moderate and vigorous PA scores. The reliability test of the IPAQ-SF is 0.80 (27).



2.4 Physical fitness

Physical Fitness (PF) metrics were sourced from the annual student physical fitness assessments. The comprehensive physical fitness assessment suite consists of eight specialized tests designed to measure various aspects of fitness. Included in this battery are the 50-meter sprint, timed in seconds to gage speed; the sit-and-reach test, measuring flexibility in centimeters; and the standing long jump, assessing explosive power and lower body strength, also quantified in centimeters. Vital capacity, a critical indicator of respiratory health, is calculated as milliliters per kilogram of body weight for all participants regardless of gender. For male students, the regimen includes pull-ups, with the number of repetitions indicating upper body strength; and a 1,000-meter run, timed in seconds to evaluate cardiovascular endurance. Female participants undergo an 800-meter run, similarly timed in seconds to assess aerobic capacity; and a sit-up test, where the quantity of repetitions performed is counted to measure core strength. All physical fitness evaluations are conducted in strict adherence to the performance benchmarks set for college students, with the aggregated results contributing to a holistic fitness score. Students’ physical fitness scores are rated as follows: 90.0 and above are considered excellent, 80.0 to 89.9 are good, 60.0 to 79.9 are passing, and below 59.9 are failing.



2.5 Data analysis

SPSS 22.0 software was used to establish a database for analysis of the results. Count data are represented by “rate” (%), and measurement data are represented by “mean ± standard deviation” (𝑥 ̅± s). According to the BMI classification in China, underweight is defined as BMI < 18.5, normal weight as BMI = 18.5–24, overweight as BMI = 24–28, and obesity as BMI ≥ 28. The SPSS Hayes process macro (Model 4) was used to analyze direct and indirect effects. We used Pearson correlation and linear regression analyses to evaluate the relationships between indicators. We used an independent sample t test and Chi-square test for difference analysis. The significance level was defined as p < 0.05, and the significance level was defined as p < 0.01.




3 Results


3.1 Student characteristics

There are 2,577 effective persons in this survey. The number of boys participating in the study is 909, which constitutes 35.36% of the total sample size. Concurrently, the number of girls involved in the research is 1,668, and they also make up 35.3% of the entire population under consideration (Table 1).



TABLE 1 Statistics of basic student information.
[image: Table showing data for boys and girls. Boys (N=909, 35.3%): Average age 21.15±1.35 years, height 176.65±6.27 cm, weight 72.58±13.37 kg, BMI 23.21±3.82. Categories: underweight 135, normal 1914, overweight and obese 528. Girls (N=1,668, 35.3%): Average age 20.96±1.23 years, height 163.19±5.63 cm, weight 56.59±8.44 kg, BMI 21.23±2.83. Categories: underweight 5.24%, normal 74.27%, overweight and obese 20.49%. Grade distribution for combined data: Grade 1 - 33.14%, Grade 2 - 23.98%, Grade 3 - 25.46%, Grade 4 - 17.42%.]



3.2 Difference analysis

The PL and MVPA of boys were significantly greater than those of girls, while the PF of girls was greater than that of boys. The proportion of students excelling in PF is marginal at merely 0.31%, whereas the failure rate surges to 22.62%. Notably, female students exhibit a significantly lower failure rate of 16.13%, markedly contrasting with their male counterparts’ rate of 34.54%. These disparities underscore the gender divide in physical fitness performance among university students (Table 2).



TABLE 2 Analysis of gender differences.
[image: Table comparing physical fitness metrics between boys (N=909) and girls (N=1,668). Categories include MVPA, confidence, environmental interactions, motivation, physical literacy (PL), sprint and run times, flexibility, long jump, vital capacity, pull-ups, and sit-ups. Girls generally perform differently in MVPA, PL, vital capacity, runs, and sit-ups with asterisks indicating significant differences. PF classification shows the number and percentage of boys and girls in varying fitness levels: excellent, good, passing, and failing. Pearson Chi-Square value is 113.996. Significant sex differences are noted.]

There was no significant difference in the PL and MVPA among individuals with different body shapes, but the PF of students with normal weight was significantly higher than that of underweight, overweight, and obese students (Table 3).



TABLE 3 Analysis of body shapes differences.
[image: Table comparing categories of underweight, normal, and overweight/obese individuals, with sample sizes of 135, 1914, and 528, respectively. Metrics include PL, MVPA, and PF. PL shows mean ± SD: underweight 30.39 ± 7.01, normal 30.04 ± 7.12, overweight 29.80 ± 7.36. MVPA shows underweight 2490.70 ± 2387.07, normal 2212.40 ± 2250.38, overweight 2213.83 ± 2146.74. PF shows underweight 65.20 ± 10.10, normal 69.56 ± 9.77, overweight 59.47 ± 12.35. F-values and p-values indicate statistical significance, especially for PF with F = 198.996 and p = 0.000. Normal weight data is higher than obese; underweight higher than obese for PF.]



3.3 Relationships between variables

The direct effect refers to the immediate influence of one variable (the independent variable) on another variable (the dependent variable). The indirect effect occurs when the independent variable influences the dependent variable through one or more mediating variables. A total effect is the sum of direct and indirect effects. Full mediation refers to the situation where the effect of the independent variable (IV) on the dependent variable (DV) is entirely transmitted through one or more mediating variables. In other words, the IV has no significant direct effect on the DV, and its influence is entirely realized through the mediating variables. Partial mediation occurs when the effect of the IV on the DV is only partially transmitted through one or more mediating variables, while the IV still has a significant direct effect on the DV. In this case, the mediating variables explain only part of the effect of the IV on the DV, rather than the entire effect.

The findings revealed significant associations between Perceived PL and PF (r = 0.093, p < 0.01), PL and MVPA (r = 0.164, p < 0.01), as well as between MVPA and PF (r = 0.066, p < 0.01). These observed correlations facilitated the construction of a mediation model to probe the underlying mechanisms linking PL and PF. To substantiate this mediation, a mediation effect analysis was conducted, involving the formulation of three regression equations, as detailed in Table 4.



TABLE 4 Variable regression analysis and mediating effect test.
[image: A table comparing the effects of variables on different weight categories: underweight, normal, and overweight and obese. It includes equations, effects (c, a, c', b), F values, probabilities (P), coefficients (\(\beta\)), t-statistics, and p-values. The normal category details the total, direct, and indirect effects of X on Y, with specific values for MVPA. Overweight and obese details include total, direct, and indirect effects. A note at the bottom explains the control for gender, age, and grade, defining variables X, Y, M and mediation effects.]

For normal-weight individuals, however, PL demonstrated a statistically significant positive influence on MVPA (β = 0.115, p < 0.01), as well as on physical fitness (β = 0.131, p < 0.01; Figure 1). This indicates that there exists a certain degree of direct association between students’ PL engagement and their physical fitness, suggesting that students participating in PL tend to have better fitness levels. The mediating effect of MVPA was notably significant, with a mediation effect percentage of 7.9%. This implies that PL participation among normal-weight students can indirectly enhance their physical fitness by boosting their MVPA levels. In summary, the mediation analysis indicated that MVPA partially mediates the relationship between PL and PF, providing empirical evidence for the intricate interplay among these constructs, which is essential for understanding and potentially improving the physical literacy and fitness of the studied population.

[image: Diagram showing a relationship between physical literacy, moderate-to-vigorous physical activity, and physical fitness. Physical literacy affects physical fitness directly with a value of 0.131 and indirectly through physical activity (β = 0.083) leading to physical fitness (0.016).]

FIGURE 1
 From effects of PL on PF mediating effects of MVPA(normal-weight).


Among underweight individuals, the impact of PL on MVPA was not statistically significant (β = 0.155, p = 0.166), and similarly, the direct effect of PL on physical fitness was also not significant (β = 0.075, p = 0.907). Based on these findings, there is no significant direct relationship between PL, MVPA, and physical fitness for underweight individuals.

Regarding overweight and obese individuals, a statistically significant positive correlation was found between PL and MVPA (β = 0.223, p < 0.01), and PL exerted a significant direct positive effect on PF (β = 0.209, p < 0.01). Nonetheless, the mediating effect of MVPA on the relationship between PL and physical fitness for this group was not statistically significant (−0.002, 0.033).




4 Discussion

This study explored the relationships between PL and MVPA and between PL and PF, providing effective evidence that perceived PL promotes physical health. The results indicate that normal-weight college students’ perceived PL and MVPA can positively affect their PT, and PL can also improve their PF by increasing the impact of MVPA. However, it has been uncovered that within the underweight population, no substantial correlation emerges between PL, PF, and MVPA. Among the overweight and obese cohorts, the hypothesized mediating effect of MVPA on the linkage between PL and PF fails to attain statistical significance. Not only should we pay attention to the physical fitness of overweight and obese individuals but also to the proportion of students who are underweight.

After students reach the higher education stage, their PAs undergo significant changes (5). The higher education stage is an important period during which students receive PL interventions and actively participate in physical activities. It is also important for students to passively accept basic knowledge and maintain a positive attitude toward physical activities in an organized manner (28). PL has attracted increasing research attention in the promotion of physical education and PA participation (29). Kwan et al. (28) found that interventions based on PL can effectively reduce the decrease in PA observed by college students in the first year of school while also helping to maintain their physical health. Therefore, universities remain a potential environment for supporting the development of PLs and establishing positive PA patterns. For college students, promoting PL should be identified as the primary goal of physical education in universities, and adopting health interventions guided by the concept of PL is crucial for improving students’ health.

The multifaceted determinants of college students’ physical fitness encompass a broad spectrum of factors. Externally, elements such as teaching content, organizational structures, instructor competence, assessment methodologies, infrastructure provisions, and other pragmatic considerations play pivotal roles in shaping students’ overall physical fitness levels (30). The environmental context, embodying both the physical layout and cultural ambiance of educational institutions, is paramount. Specifically, universities offer a tailored physical setting conducive to fostering positive physical activity (PA) behaviors among students, facilitated by campus facilities, residential arrangements, class structures, and extracurricular clubs that foster interpersonal dynamics (28). Complementing the physical milieu, educational institutions also establish a pedagogical ecosystem for physical education, aimed at skill instruction, knowledge dissemination, and nurturing a lifelong commitment to PA engagement (31).Empirical investigations abound regarding the correlations between PF and PA, as well as the intricate linkages between PL and PA participation. Whitehead emphasize that the promotion of PL is instrumental in sustaining PA across the lifespan (32). Davids et al. further assert that PL enhancements lead to a higher caliber and frequency of lifelong PA engagement (33). Yan et al. (24) extend this understanding by demonstrating PL’s predictive capacity for both PA and sedentary behavior. This accumulating body of research, complemented by findings from the present study illustrating a robust connection between college students’ perceived PL and PF, underscores PL as a pivotal determinant influencing the healthy evolution of PF. Moreover, it reinforces the notion that exercise behavior operates as a vital mediator in the intricate interplay between PL and PF, thereby validating the centrality of PL-driven interventions in fostering healthier lifestyles among college students.

Research addressing the physical activity patterns among underweight individuals remains limited in comparison to the extensive literature on obesity. Our study reveals that underweight individuals report higher levels of MVPA and PL relative to those with normal weight and obesity, albeit these differences lack statistical significance. Of note, PF was significantly higher in students with normal weight when contrasted against both underweight and obese populations. These observations concerning MVPA diverge somewhat from previous research asserting that adolescents of normal weight demonstrate significantly greater physical activity compared to their underweight or obese peers (34). We speculate that the smaller sample of underweight participants in our study might have impacted these results. Notably, separate studies have emphasized how underweight students often practice healthier eating behaviors and spend less time in sedentary activities, whereas those with high body fat percentages are associated with less healthy diets and increased sedentarism (35). Moreover, our research uncovers no statistically significant links between PL, MVPA, and PF among underweight individuals, suggesting a complex relationship dynamic within this group. Intriguingly, within the obese cohort, we did not observe a mediating effect of MVPA on PL. These insights emphasize the necessity for developing targeted intervention strategies that cater specifically to the needs and contexts of underweight populations to augment physical activity engagement and overall physical health. Conversely, for obese individuals, interventions focused on enhancing physical literacy still hold potential for stimulating increases in physical activity and, by extension, physical fitness. Consequently, there is a pressing need for further exploration into efficacious intervention methodologies, especially tailored to underweight populations, to comprehensively tackle the diverse range of body mass indices and their implications for population health.

There are currently many methods and strategies for promoting PA and health among college students. There is evidence to suggest that school-based physical education is a good opportunity to promote and develop PL (36). Short-term health interventions can have a positive impact on the health behavior of college students, which may lead to positive health performance during the participation period and facilitate the transition from high school to university (37). In traditional strategies for promoting sports health, emphasis is placed on intervention in knowledge and physical abilities, but emotional dimensions are actually very important factors (26). Cowley et al. (38) found that the movement disorders of students after the age of 16 come from traditional physical education courses that prioritize exercise ability. Therefore, in the new era, college students should pay attention to the concept of PL. PL provides a new concept for college students’ PA and health promotion interventions, and we can promote lifelong habits related to physical activity by providing them with more opportunities for various activities (39). By promoting PL and PA measures, students can master knowledge and skills related to PL, cultivate their awareness of lifelong exercise, and enhance their motivation to participate in physical activities.



5 Limitations and future directions

This study’s reliance on self-reported PA & PL data invites recalled bias and potential overestimation. Gender imbalance, favoring females, limits generalizability due to random sampling. Moreover, it solely examines the PL-PF and PA-PF relationships, omitting other influential variables, potentially simplifying the actual complexity. Future research should adopt objective measurement tools to alleviate reporting biases and strive for gender parity in sampling. Future research could also place more emphasis on the differences between athletes and non-athletes, as well as the distinctions between healthy students and those with disabilities. It should expand to investigate a broader spectrum of factors affecting PF, acknowledging the intricate web of influences beyond PL and PA alone. This nuanced exploration will facilitate the development of advanced models informing interventions to promote holistic physical health.



6 Conclusion

This study confirmed that normal-weight college students perceive that PL can enhance PF, and MVPA is an important mediating factor in this relationship. Moreover, physical health can be promoted by enhancing the MVPA. However, it has been found that among the underweight population, there is an absence of a significant relationship between PL, PF, and MVPA. In the overweight and obese groups, the mediating role of MVPA in the relationship between PL and PF was not statistically supported. Therefore, universities should develop the concept of developing PL when researching strategies to promote the physical health of normal-weight college students. For underweight and overweight/obese individuals, there is a clear necessity to delve into distinct strategies for physical activity interventions, a pursuit that may contribute significantly to improved health management and understanding within these populations. Our research findings provide a theoretical basis for developing strategies to improve the health of college students by promoting positive exercise behavior and PL.
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Hypertension has been identified as the most important risk factor for disability and premature death worldwide. This study aimed to explain the factors that facilitate medication adherence from the perspective of patients with hypertension in southeastern Iran. This qualitative study used conventional content analysis and purposive sampling methods to achieve data saturation, involving 25 participants. Facilitating factors were categorized into two main categories: individual and family factors and organizational support. Individual factors included motivational fears, disease acceptance, healthy lifestyle, disease monitoring, and follow-up. Family factors included family support, while organizational support included governmental support to provide inexpensive medicines, comprehensive healthcare team support, health insurance access, and media training. These factors were identified as essential facilitators that significantly influence appropriate adherence to hypertensive drugs. This study revealed that various factors affected medication adherence in these patients, and efforts should be made to improve hypertension treatment and increase medication adherence. Measures taken to control hypertension are cost-effective to reduce the burden associated with this disease. The findings of this study can be valuable in formulating policies for the treatment and care of hypertension.
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1 Introduction

Hypertension is the primary and most common risk factor for cardiovascular disease, stroke, and kidney disease. It is recognized as the most important risk factor for disability and premature death in the world (1). Hypertension is responsible for at least 45% of cardiovascular disease-related deaths and 51% of stroke-related deaths (2). It is estimated that 10% of total healthcare costs are directly related to hypertension and its complications (3). One in three adults worldwide suffers from hypertension, with this rate increasing with age (2). Prevalence of hypertension 25% In Iranian adults, it is estimated that this number is growing (4). The increasing prevalence of this disease and its related complications can be attributed mainly to population growth and lifestyle changes (5). However, it should be noted that adopting a healthy lifestyle, including a balanced diet, abstaining from smoking and excessive alcohol consumption, and engaging in regular physical activity, can reduce systolic blood pressure by 3.5 mm Hg and lower the risk of cardiovascular disease by approximately 30% (6).

Medication adherence is a key preventive measure in managing hypertension. According to the WHO, adherence is a measure of how well a person’s behavior complies with prescribed medication, dietary, or lifestyle changes agreed upon by a healthcare professional. Therefore, healthcare providers can aid in improving patient adherence to medication through interventions such as training and advising patients about the risks of uncontrolled hypertension, assessing patient barriers and fears, empowering patients in self-care, providing positive feedback on behavioral and clinical progress, avoiding complex drug regimens, and evaluating possible side effects of medication, while also strengthening family support (7). Iran is a developing country, and due to rapid social and economic development, along with changes in eating habits, a sedentary lifestyle, increasing life expectancy, and an aging population, the prevalence of hypertension is relatively high (8). Studies conducted in Iran have often taken a quantitative approach and sometimes emphasized a single factor or a minor aspect when investigating the factors affecting medication adherence in these patients. There is no comprehensive study addressing this issue and paying greater attention to residents of small towns.

Patients with hypertension exhibit different characteristics and possess a wealth of experiences in the field of research. Many of these experiences are subjective and may not be fully captured by quantitative methods. Therefore, in-depth interviews can offer a solution to this problem. The present qualitative study aimed to explain the facilitators affecting treatment and medication adherence from the perspective of patients with hypertension, providing researchers with insights into patients’ experiences. This study’s results can help identify patients’ actual needs in adhering to a drug regimen and underscore the necessity for comprehensive support from family, the healthcare system, and society. Effective disease management plays a significant role in the treatment, prevention of complications, cost reduction, and, ultimately, the enhancement of patients’ quality of life. Therefore, this study aimed to explore the effective facilitators of medication adherence observed by patients with hypertension.



2 Methods


2.1 Design

This qualitative study was conducted using conventional content analysis, a qualitative research technique designed to interpret the meanings expressed in the data derived from participants’ experiences (9).



2.2 Sample and setting

The sampling method was purposeful, with samples selected to maximize variation in age, gender, education, and disease duration in southeastern Iran. The inclusion criteria required participants to be at least 30 years old, have no known mental illness, and possess the ability to communicate with the interviewer. The data collection was conducted from September 2022 to April 2023, with each interview lasting between 30 and 60 min, depending on the situation and the consent of the participants. Finally, 25 people were enrolled in the study. The general characteristics of participants in the study are presented in Table 1.



TABLE 1 Demographic characteristics of the study participants.
[image: Table showing details for 25 individuals, including their number, gender, age, and education level. Ages range from 33 to 85, with education levels from illiterate to Master of Science.]



2.3 Data collection procedure

A semi-structured in-depth interview was used to collect data. First, a few questions were asked to create a friendly atmosphere. Subsequently, the interview process was guided by specific questions aligned with the study objectives. Some questions included: “How would you describe the pressure you experience?” “Do you feel you can take care of yourself?” “What factors have helped you adhere to the correct medication regimen, and why?.” Based on the participants’ responses, exploratory questions such as “Can you explain more?” were asked to delve deeper into the interview. Before the interviews, the study purpose and the data confidentiality were explained to the participants, and their consent was obtained. Based on the inclusion criteria, the data collection continued gradually until data saturation was achieved. Saturation occurs when all levels of coding are completed and no new conceptual information is obtained, allowing for the emergence of categories.



2.4 Data analysis

The interviews were transcribed verbatim and used as the main data for the research. The recorded voice was listened to, and the text was reviewed several times to gain an overall understanding of the content. Subsequently, the text was divided into meaningful units, condensed, and coded. The codes were then categorized based on similarities and differences into subcategories from which the main categories were extracted. An example of the analysis process used in this study is shown in Table 2. Microsoft Word software was used for data analysis.



TABLE 2 Example of qualitative content analysis process.
[image: A table titled "Constructive role of family" with columns for "Subcategories," "Primary code," "Condensation," and "Meaning units." Two subcategories are listed: "Supportive family" and "The influence of motherhood." The table includes descriptive text and participant quotes demonstrating how family support and motherhood motivate medication adherence in individuals.]



2.5 Trustworthiness

The data trustworthiness was performed according to the Guba and Lincoln criteria. To increase the study’s credibility, the results were shared with some participants to ensure the accuracy of the concepts discussed in their interviews; for dependability, the research steps, decisions made, and the researcher’s engagement in data collection and analysis were accurately documented and recorded, A comprehensive description of the research process and the researcher’s engagement were provided. Additionally, the selection of participants was carefully considered to increase transferability. Quotations were also presented, reflecting their statements. The researcher’s continuous follow-up, active engagement, and appropriate interaction with participants were integral to confirming the validity of the data (10).



2.6 Ethical considerations

Participants were assured that their information would remain confidential and that they could discontinue the interview and refuse further collaboration if they wished. After obtaining written consent, individual interviews were conducted with the participants. The study protocol was approved by the ethics committee of Kerman University of Medical Sciences (Code of Ethics: IR. KMU. REC.1401.237).




3 Results

This study included 25 patients with hypertension from Mahan City, 52% of whom were female and 48% of whom were male. The patients’ education levels varied from illiterate to postgraduate degrees. The study identified effective facilitators for treatment and medication adherence, categorizing them into two main groups: individual and family factors and organizational support, as shown in Table 3.



TABLE 3 Theme, categories, and subcategories obtained from the results of content analysis.
[image: Table illustrating the facilitators of medication adherence. Under the theme, categories include "Individual and family factors" with sub-categories: intrinsic motivations, disease monitoring and tracking, constructive role of family; and "Organizational support" with sub-categories: the constructive role of government, constructive role of community.]


3.1 Individual and family factors

The participants identified internal motivations, such as fear of the consequences of the disease, symptom prevention, acceptance of reality, and drug literacy, as individual factors affecting adherence to the drug regimen and the treatment process of the disease. The fear of the consequences of illness, and in some cases, the firsthand experience of these consequences by the participants, was repeatedly mentioned as an important factor.

 “As my wife suffered from a stroke as a result of hypertension and was temporarily paralyzed, I feared that I might experience the same situation.” (Participant No. 25).



One of the most important internal motivations for medication adherence was the desire to avoid the intolerable pain that comes with not taking the medication.


“The Severe back pain makes me take medication; I just want to get rid of it.” (Participant No. 22).
 

Additionally, patients’ belief in the severity of the disease and its sudden consequences can lead to the acceptance of the disease and serve as a starting point for adhering to the prescribed drug regimen.



“We have become accustomed to dealing with hypertension, and we must always take medicines.” (Participant No. 5).

 

The participants’ experiences indicate that knowledge of and trust in the effectiveness of the drugs are one of the motivational factors for adhering to the drug regimen. Some have reported feeling better and experiencing a disappearance of symptoms after taking the drugs.



“With the drug, my blood pressure is regulated, and it proves to be very effective; it starts working 1–2 h later after taking it.” (Participant No. 7).

 

In addition to drug treatment, desirable lifestyle changes and ongoing disease treatment monitoring also impact disease management. Some participants have changed their lifestyles to control blood pressure after diagnosis.



“We have vegetables in the garden fruit trees of the same size as us, and after my wife had a stroke, we switched to low-salt just-add-water meals. As a result, my blood pressure has decreased.” (Participant No. 25).

 

Practices such as periodic blood pressure checkups at home, timely medication use, and regular visits to the specialist affect the treatment process and help reduce the complications of the disease.



“I visit the specialist for a check-up every three months and take medications according to the doctor’s instructions.” (Participant No. 6).

 

Considering the family friendliness and support culture, simple interventions such as reminding patients and encouraging them to take their medication on time play an important role in improving patients’ treatment process and medication adherence.



“If my daughter was not present at home reminding me to take my medication, I might not be here today.” (Participant No. 4).

 

The future of their children and family planning were cited as motivating factors for adhering to medication.



“For the sake of my infant, I would set alarms to ensure I took my medication on time so as not to compromise my infant’s well-being.” (Participant No. 3).

 



3.2 Organizational support

The participants’ experiences highlight the importance of organizational support in facilitating individuals’ motivation to adhere to medication and treatment regimens. This support includes the constructive role of the government and the social context. The government’s provision of health services to the community has a significant impact on adherence to medication regimens and treatment behaviors in patients with hypertension. Furthermore, participants emphasized the crucial role of physicians and other healthcare providers in promoting adherence to medication and disease treatment through the provision of correct information and justification to the patients. The training they received from these healthcare providers also influenced their decision to continue the process.



“Every month when I visit the doctor’s office, the doctor would spend 20 min with every patient, and after the examination, she would show us a clip related to the disease.” (Participant No. 6).

 

For many participants, access to inexpensive medication emerged as one of the most important facilitators of adherence to the drug regimen. The cost of medicines can negatively affect adherence.


“Hypertensive drugs are widely available and not too expensive.” (Participant No. 17).
 

The role of society in providing appropriate infrastructure for treatment can affect the course of chronic disease, as patients often have to manage them for years. Having health insurance was cited as particularly helpful.


“Whenever the doctor prescribes medication, I make sure to take it, and most of the time, I use my health insurance when visiting the hospital.” (Participant No. 14).
 

Furthermore, the participants emphasized the significant role of the media in informing patients and providing them with accurate information about the factors affecting the disease, thereby contributing to the treatment process.


“I prefer radio programs because I can listen to them while working. If there is a segment about blood pressure, I listen and then act accordingly.” (Participant No. 8).
 




4 Discussion

The results of this study revealed that proper treatment and medication adherence in patients with hypertension could be affected by several factors. These include individual factors (such as motivational fears, disease acceptance, drug literacy, healthy lifestyle, disease monitoring, and follow-up) and family factors, including family support. Organizational support (including government support to provide inexpensive medicines, comprehensive support from the healthcare team, access to health insurance, and media training) also contributed to patients’ adherence to hypertensive drugs.

Fear of the consequences of the disease emerged as one of the most important motivations for patients to adhere to the drug regimen. This is supported by the findings of Bhandari et al. in Nepal, who identified fear of disease-related complications as a major driver in initiating drug use and adherence to treatment in participants (11). However, a study in the Philippines obtained contrasting results, indicating that disease-related consequences in patients’ relatives and families did not change patients’ medication adherence (12). Furthermore, disease acceptance was identified as an individual factor influencing the treatment of hypertension, a finding confirmed by a similar study in Tanzania (13).

Drug literacy and a positive attitude toward drugs were identified as the factors affecting the treatment of hypertension. Shen et al. in China supported these results, demonstrating that drug literacy was an independent predictor of medication adherence (14). These findings underscore the importance of patients’ role in adhering to treatment recommendations for hypertension, ultimately leading to disease control and a reduction in complications.

Adopting a healthy lifestyle was found to be another factor affecting the treatment of the disease, as making lifestyle changes is the first step in blood pressure management. This is consistent with the findings of Win et al. (15). Additionally, self-care practices such as blood pressure monitoring and regular visits to the doctor were identified as other factors affecting the treatment of hypertension. This finding is consistent with the study by Natalie et al. (16), which states that a healthy lifestyle and self-care practices could improve patients’ quality of life.

Family support, including support from a patient’s spouse and other family members, was an effective treatment and medication adherence factor. A similar study in Uganda emphasized the importance of family support in providing reminders for drug use and counseling on the importance of medication adherence in managing hypertension (17). When family members have sufficient knowledge about the nature of the disease and the principles of patient care, they can effectively influence the patient’s behavior and strengthen self-care practices.

Moreover, the quality of the patient-physician relationship, the physician’s communication style, and patient-centered treatment decisions were all identified as factors affecting adherence to the drug regimen and treatment. Trust was highlighted as a crucial element in these interactions, particularly in healthcare, a finding consistent with the study by Poulter et al. (18). The availability and affordability of medication emerged as an important motivating factor for adherence to the drug regimen, which was supported by a study in the Philippines (12). Additionally, the support of insurance organizations in reducing medical expenses was found to be an important factor influencing the treatment process, which is consistent with the study by Kisigo et al. (13). Consequently, the support of health organizations by increased insurance coverage and reduced out-of-pocket payments play an important role in improving the treatment process and medication adherence in these patients. Furthermore, continuous education provided by media was shown to help change attitudes and increase awareness across all different populations, thereby improving medication adherence. A similar study in Namibia confirmed this finding (19).


4.1 Limitations

In qualitative research, participants may not share all of their experiences on certain topics, and factors beyond the researcher’s control may influence their responses despite the research team’s efforts to communicate effectively. Another limitation was that this study was conducted qualitatively with a limited number of individuals with hypertension, making it challenging to generalize the findings to all individuals with this condition.




5 Conclusion

This qualitative study helped researchers explore patients’ experiences and beliefs, shedding light on factors influencing treatment and medication adherence in patients with hypertension. A key strategy identified was promoting patient education because it has been shown to impact treatment adherence positively. Therefore, the relationship between the healthcare provider and the patient was one of the important factors in adherence to the drug regimen. Consequently, it is important for physicians, especially during diagnosis, and other healthcare personnel involved in ongoing treatment and care to train patients regarding medication adherence and the factors affecting treatment. Additionally, the media, as a main and widely accessible source of information, plays a significant role in advancing community health, and leveraging this resource effectively can improve adherence to medication and treatment. Local community institutions, such as health and medical centers, have the resources, expertise, and networks to effectively help people adhere to hypertension treatment through various interventions. These institutions provide medical treatment services and can refer patients to higher levels of care, ensuring more accessible access to essential medications. Moreover, cooperating with community-based organizations can help promote awareness and disseminate information about hypertension.
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Purpose: As a globally popular physical activity, swimming also presents challenges due to its inherent aquatic risks. Therefore, the cultivation of swimming competence emerges as a crucial strategy in preventing drowning incidents. This study aimed to develop and validate the Swimming Competence Assessment Scale in College Students (SCAS) to address the gap in structured swimming proficiency evaluation, essential for drowning prevention and water safety education.
Methods: The research involved 160 full-time second-year college students, including 92 males (age:[image: The image shows the number "20.48" with a plus-minus symbol followed by "0.51", indicating a value with its uncertainty.]) and 68 females (age:[image: The number 20.65 with a plus-minus symbol followed by 0.70, indicating a range or margin of error.]), who underwent two swimming ability assessments. The evaluation covered fundamental swimming skills, including entry, submersion, rotation, prone and supine swimming, floating, and exiting the water.
Results: Exploratory Factor Analysis revealed goodness-of-fit for a two-factor model swimming coherent motion and swimming stable posture, which supported the construct validity. The inter-factor construct reliability (CR = 0.866, CR = 0.835) and the square root of Average Variance Extracted ([image: Square root symbol over the letters A, V, E, followed by the number 1.] = 0.754, [image: Square root symbol covering the letters "AVE" and the number "1".] = 0.848) exceeded the standards for supporting convergent and discriminant validity. The inter-rater reliability (IRR = 0.542) and Cronbach’s alpha (α = 0.840, α = 0.827) coefficient results have demonstrated the internal reliability of the SACS. Positive correlation between SCAS scores at pre-test and post-test provided evidence for SCAS’s test–retest reliability (TRR = 0.825, TRR = 0.758).
Conclusion: SCAS is a valid and reliable assessment scale. It assesses college students’ swimming competence through two aspects: Swimming Coherent Motion and Swimming Stable Posture.

Keywords
 assessment of swimming competence; structural validity; reliability analysis; college student population; drowning prevention


1 Introduction

In 2023, the World Health Assembly adopted its inaugural resolution on drowning prevention entitled “Accelerating Global Action on the Prevention of Drowning.” This resolution aimed to mobilize World Health Organization (WHO), governments worldwide, non-governmental organizations, and other partners to address drowning issue—a public health problem that was often overlooked (1). International Life Saving Federation (ILS) released “Position Statement on Swimming and Water Safety Education” which posited that the dissemination of water safety knowledge and fundamental swimming skills could effectively prevent the majority of drowning incidents (2). This statement further accentuated the critical role of swimming skills within water safety education domain. As a globally popular physical activity, swimming also presents challenges due to its inherent aquatic risks. Therefore, the cultivation of swimming competence emerges as a crucial strategy in preventing drowning incidents.

In competitive swimming events, proficiency is determined by measuring the time required to cover a predetermined distance. However, since the issue of drowning cannot be resolved through swift swimming alone, speed and time are insufficient metrics for assessing core competencies in drowning prevention (3). Consequently, researchers have focused on evaluating and determining swimming competence pertinent to aquatic environments. Research has revealed that the development of fundamental aquatic skills and other skills specific to water-based activities is essential for establishing safe relationships with aquatic environments (4). swimming competence encompasses a series of skills designed to foster safer and more harmonious relationships with water environments (5, 6). Researchers from various global locations including New Zealand, Norway, Brazil, and Hong Kong have proposed swimming competencies relevant to aquatic environments, tailored to the specific conditions of water-based activities prevalent in their regions (7–10). Within this body of research, seven fundamental abilities— namely entry into water, submersion, rotation, prone swimming, supine swimming, floating, and exiting the water—are generally regarded as indicators of swimming competence. Concurrently, multiple research works have indicated that the ability to swim continuously in water is only moderately to weakly correlated with these seven swimming competence indicators (11, 12), suggesting that a range of competencies, rather than a single ability to swim forward, might be necessary to effectively prevent drowning.

Swimming competence assessment for drowning prevention is a broad societal and public health concern (13), with in-field technical measurements unavoidably incurring significant time and financial costs. The advantages of scale assessments rely on their ability to be conducted by others as well as for self-evaluation, presenting an effective tool for decreasing the time and economic costs associated with measuring swimming capabilities. Erbaugh (7) was among the pioneers to assess preschool children swimming competence by designing a scale, scoring nine aquatic activities and conducting tests for convergent validity and reliability. However, this scale was deemed overly cumbersome and challenging to implement (11). Hence, researchers have sought to develop more streamlined and assessable scales for swimming competency. Later attempts for the simplification of assessment methods resulted in the development of scales that mostly adopted a binary approach (“can” or “cannot”), failing to precisely measure swimming competence and overlooking many crucial water safety skills (9, 14). Moran et al. (8) performed comprehensive analyses and proposed a series of swimming and water survival skill indicators related to drowning prevention (8). Then, Sundan et al. (15) refined the operability of the assessment based on Delphi method, developing scoring levels for the scale and validating the validity of its contents (15).

Currently, the development and refinement of Swimming Competence Assessment Scales mainly rely on literature review and expert consultation. However, the existing scales still lack sufficient empirical testing procedures for structural validity. When studying and designing Swimming Competence Assessment Scales, ensuring their structural validity is of critical importance. Structural validity presents the degree to which an assessment scale accurately reflects the concept or construct it is intended to measure (16–18). When evaluating swimming competence, it is necessary that the scale be able to comprehensively reflect various aspects of swimming competence, rather than simplifying this complex concept through a singular score. Currently, majority of Swimming Competence Assessment Scales are mainly designed for children, with comparatively fewer approaches available for adults. However, adults are equally at drowning risk (19); therefore, conducting swimming competence assessments within adult populations, particularly in terms of consistency levels, is critical. Research has revealed that humans present significant variability in the strength, speed, agility or skill tests of upper and lower limbs (20). Such variability could affect training load organization (21) and, within the context of swimming competence assessment, could result in individuals overestimating or underestimating their own swimming skills. Consequently, accurate assessment of the consistency of swimming competence aids in precise determination of an individual’s skill level and potential drowning risk, thereby facilitating the provision of more tailored strategies for aquatic safety education and drowning prevention. In aquatic safety education and drowning prevention programs designed for adult swimmers, the accurate assessment of swimming competence consistency becomes particularly critical. This not only enhances the effectiveness of drowning prevention measures but also guarantees that swimmers receive safety guidance suitable for their level and needs, thereby maintaining safety in the water.

University students are also at a high risk for drowning incidents and are potential contributors to societal development. Currently, few research works are available on Swimming Competence Assessment Scales specifically tailored for university students. Investigation on such scales for university students is of utmost importance and offers widespread testing value. Therefore, we hypothesize that the Swimming Competence Assessment Scale (SCAS) for university students possesses strong structural validity, accurately reflecting the multifaceted nature of swimming competence beyond a singular metric. Additionally, we hypothesize that the SCAS demonstrates high reliability, providing consistent results across different testing periods and evaluators. Our research aims to validate these hypotheses, thereby underpinning the formulation of more effective strategies for aquatic safety education and drowning prevention among university students.



2 Research subjects and methods


2.1 Research subjects

In this research, 160 full-time university sophomores, comprising 92 males and 68 females, were recruited as experimental subjects with their basic demographic information presented in Table 1. Participants were recruited through targeted sampling and had to meet the following inclusion criteria: (a) Being full-time university students. (b) Being 18 years of age or older. (c) Having good health and being without any physical disabilities. (d) Having any level of swimming experience, including none. The subjects underwent two swimming competence assessment tests in a 50-m standard indoor pool (2 m deep), with one-week intervals between tests. Prior to testing, participants were informed of the objectives and specific testing procedures of the experiment, ensuring that all students participated in the experiments with a clear understanding of the process and methodology.



TABLE 1 Basic information of experimental subjects.
[image: Table showing data for males and females. Males: 92 individuals, average age 20.48 years, height 182.17 cm, weight 75.43 kg. Females: 68 individuals, average age 20.65 years, height 169.65 cm, weight 59.71 kg.]



2.2 Research methods


2.2.1 Study design

The study employed a cross-sectional design, where participants were briefed on the specific tasks and methods involved in the experiments. During the experimental process, participants warmed up before the tests to prevent injuries. After completing the warm-up, participants performed seven aquatic tasks (Entry into water, Swim on front, Surface dive, Rotation, Exit water, Float, Swim on back) in a 50-meter standard indoor pool with a depth of 2 m. Four experts in the field of swimming evaluated the participants’ performance on these tasks. After a one-week interval without additional swimming practice, the participants underwent a second round of testing in the same environment, evaluated by the same four experts to ensure assessment consistency (as illustrated in Figure 1).

[image: Flowchart illustrating a two-part swimming assessment with one-week intervals. It includes warming up, assessments rated by four experts using SCAS-7, and a seven-step test sequence: entry into water, swim on front, surface dive, rotation, exit water, float, swim on back.]

FIGURE 1
 Swimming ability assessment experiment process.




2.2.2 Development of the Swimming Competence Assessment Scale

The research initially developed the Swimming Competency Assessment Scale (SCAS) according to the scale formulated by Sundan et al. (15). Also, insights from a research performed by Stallman et al. (10) were applied to incorporate the ability to perform turns into assessment indicators for the swimming competence of university students. Finally, the following seven swimming competence indicators were identified: water entry, prone progression, floating, submersion, supine progression, rotation, and exiting the water. Depending on the demonstrated proficiency degree, scores were allocated on a scale ranging from 1 to 4 (Table 2).



TABLE 2 Swimming Capacity Assessment Scale (SCAS-7).
[image: A table detailing aquatic skills with scores and descriptions. Skills include entry into water, swim on front, surface dive, rotation, exit water, float, and swim on back. Scores range from 1 to 4, indicating proficiency levels. Descriptions outline specific tasks or distances, like swimming distances or types of rotations, required for each score.]



2.2.3 Statistical methods

Data processing and analysis in this research was performed using SPSS software version 26.0, presenting basic information results in the form of mean ± standard deviation (SD). Fleiss-Kappa test was employed to evaluate inter-rater reliability among the four experts. Kappa coefficient (κ) was interpreted as follows: κ ≤ 0.40 indicated poor agreement, 0.40 < κ ≤ 0.60 denoted moderate agreement, 0.60 < κ ≤ 0.80 presented substantial agreement, and κ > 0.80 showed almost perfect agreement, at 95% confidence interval (95% CI). Internal consistencies among Swimming Competence Assessment Scale items were evaluated using Cronbach’s alpha (22) coefficient (α), with α ≥ 0.7 indicating acceptable consistency level. To assess the stability and reliability of research findings, a test–retest reliability assessment was performed by administering the Swimming Competence Assessment Scale to participants again 1 week after the initial tests were completed. Pearson correlation coefficient (r) was applied for analysis with r values in the range of 0.10–0.29 indicating low correlation, 0.30–0.49 denoting moderate correlation, 0.50–0.69 representing high correlation, 0.70–0.89 showing very high correlation, and 0.90–0.99 revealing nearly perfect linear correlation. This method provided insight into the temporal consistency of the assessment scale.

In addition, exploratory factor analysis was applied to delve into dataset underlying structure. Data suitability for factor analysis was determined using Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy. The KMO statistic value above 0.9 is excellent, between 0.8 and 0.9 indicates good, between 0.7 and 0.8 suggests moderate, between 0.6 and 0.7 denotes fair, between 0.5 and 0.6 implies poor, and below 0.5 is considered unacceptable (23). Factor structure was identified using principal axis factoring with an optimal oblique rotation, based on eigenvalues ≥1 criterion for the determination of factor structure (24). The research used AMOS software version 24.0 software for confirmatory factor analysis (CFA) to validate the factor structure derived from exploratory factor analyses. Traditional fit indices were applied for the evaluation of the model’s fit, including chi-square to degrees of freedom ratio (χ2/df), comparative fit index (CFI), Tucker-Lewis index (TLI), root mean square error of approximation (RMSEA), and standardized root mean square residual (SRMR). The critical value for χ2/df is considered good if it is greater than 2.00; for the Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI), the critical values are ordinary if greater than 0.90 and good if greater than or equal to 0.95. The critical values for the Root Mean Square Error of Approximation (RMSEA) and the Standardized Root Mean Square Residual (SRMR) are less than 0.08, indicating a good model fit; and an SRMR less than 0.10 suggests that the model is acceptable (25). We evaluated convergent validity using construct reliability (CR) index, where a value exceeding 0.70 denoted good CR. Discriminant validity was assessed through comparing the square roots of the average variance extracted (AVE) with squared correlation coefficients between factors. A scenario where the square roots of AVEs for two factors were greater than the correlation coefficient between them indicated effective discriminant validity between the factors.





3 Results


3.1 Validity analysis


3.1.1 Structural validity

An exploratory factor analysis was performed on data from 160 swimming competence rating scales. The results indicated a KMO sampling adequacy of 0.761 and a Bartlett’s test sphericity χ2-value of 135.871 (p < 0.01) suggesting that the obtained data were suitably configured for factor analysis. Using principal axis factoring for factor extraction and considering the assumption of interrelated factors in this research, an oblimin rotation with Kappa set to 4 was applied to extract common factors. Two common factors were identified according to the criterion of eigenvalues greater than or equal to 1 (as presented in Table 3). The cumulative variance explained by these factors was 71.922%, with item communalities ranging from 0.397 to 0.91. The two extracted factors were named “swimming coherent motion factor” and the “swimming stable posture factor.”



TABLE 3 Data table for validity analysis.
[image: Table displaying indicators related to swimming motion: "Swimming coherent motion" and "Swimming stable posture." It includes factor loadings for EFA and CFA, CR, AVE, and Cr. Alpha values. "Swimming coherent motion" has entries like "Entry into water" with factor loading EFA 0.821 and "Surface dive" with 0.885. "Swimming stable posture" includes "Swim on back" with 0.976 and "Float" with 0.723. Each entry also has CR, AVE, and Cr. Alpha values. Additional notes explain assessment criteria, like evaluating the ability to perform specific swimming actions. Total score includes significance levels and mathematical notations.]

Confirmatory factor analysis was applied in this research to evaluate the fit of a two-factor model for swimming competence test. The obtained results were as follows: χ2/df (17.004/13) = 1.308, RMSEA = 0.089, SRMR = 0.0627, NFI = 0.885, CFI = 0.968, and GFI = 0.902. All metrics either met or approached the fit standards established in psychometrics, indicating that the goodness of fit of the developed model complied with statistical standards. By comprehensive consideration, it was concluded that the overall fit of the measurement model was consistent with theoretical expectations, also suggesting that the scale demonstrated good structural validity (as illustrated in Figure 2). A two-dimensional Swimming Competence Assessment Scale was reformulated based on construct validity (as presented in Table 4).

[image: Diagram illustrating swimming skills in two categories: "Swimming Coherent Motion" and "Swimming Stable Posture." The former includes entry into water, surface dive, rotation, swim on front, and exit water, with correlation values ranging from 0.61 to 0.88. The latter includes float and swim on back, with values of 0.76 and 0.93. An arrow with 0.59 links the two categories.]

FIGURE 2
 Confirmatory factor analysis data plot.




TABLE 4 Swimming Competence Assessment Scale.
[image: Table of swimming competence activities and scoring. Activities are entry into water, surface dive, rotation, swim on front, exit water, float, and swim on back. Scoring range is one to four for each activity.]



3.1.2 Convergent and discriminant validity

Concerning convergent validity, CR for each factor of swimming competence test ranged from 0.835 to 0.866, all surpassing the threshold of 0.70, indicating satisfactory CR of the measurement model. Regarding discriminant validity, the study findings revealed that Factor 1 had an AVE of 0.569 and a CR of 0.754, while corresponding values for Factor 2 0.719 and 0.848, respectively. The correlation coefficient between the two factors was 0.594. Since AVE square roots for both factors were higher than the correlation coefficient between the constructs, it signified that the latent variables were distinct, confirming good discriminant validity between the two factors (as given in Table 3).




3.2 Reliability analysis


3.2.1 Rater consistency

Fleiss-Kappa consistency tests were performed on the swimming competence scores of 160 students, as rated by four expert judges. The overall Fleiss-Kappa value was found to be 0.542 (p < 0.01), indicating moderate consistency. Hence, it could be inferred that there was a certain agreement level among the four expert raters regarding the assessment of students’ swimming competence. A consistency analysis was conducted on different swimming competence indicators of the 160 students. Fleiss-Kappa values for entry into water and rotational ability, rated by the four evaluators, were 0.628 and 0.616 (p < 0.01), respectively, indicating high consistency. For prone ability, floating ability, submersion ability, supine ability, and exiting water ability, Fleiss-Kappa values among the four evaluators were all greater than 0.8 (p < 0.01), indicating a high degree of consistency (as presented in Table 5).



TABLE 5 Fleiss kappa test consistency analysis of the four evaluators’ swimming competence rating scale.
[image: A table presents data on several swimming skills: "Entry into water," "Swim on front," "Float/rest," "Surface dive," "Swim on back," "Rotation," "Exit water," and "Totals." Each skill is analyzed with Kappa, SD, z, p-value, and 95% CI. The p-values are less than 0.0001, indicating significance. The footnote describes each skill's evaluation criteria, covering submersion, resurfacing, object retrieval, rotation, propulsion, buoyancy, and energy conservation.]



3.2.2 Internal consistency reliability

For factors representing two distinct concepts, the reliability of subscales was calculated. Reliability coefficient was 0.840 for swimming coherent motion and was 0.827 for swimming stable posture (with Cronbach’s alpha coefficients >0.70). This indicated a good internal consistency within the scale. Table 3 presents detailed results.



3.2.3 Test–retest reliability

Test–retest reliability was explored by having 160 subjects retake swimming competence tests 1 week later. The obtained coefficients for the seven indicators were as follows: entry into water 0.393*, prone progression 0.802**, floating 0.667**, submersion ability 0.760**, supine progression 0.636**, rotation 0.654**, and exiting water 0.568**; with test–retest reliability for swimming coherent motion at 0.824** and for swimming stable posture at 0.758**. Test–retest reliability coefficients for these seven indicators revealed moderate to high correlation and reliability coefficients for both factors were greater than 0.700, indicating that the scale exhibited acceptable stability.





4 Discussion

Validity and reliability tests were conducted in this research on the structure and reliability of the developed swimming assessment scale through model fitting tests. It was found that the indicators of swimming assessment scale could be categorized into two main aspects: swimming coherent motion ability and swimming stable posture ability. Both aspects exhibited good convergent and discriminant validity. The swimming assessment scale demonstrated good reliability in both rater consistency and internal consistency tests. However, in test–retest reliability assessments, apart from prone progression and submersion abilities, which showed good test–retest reliability, remaining indicators (entry into water, floating, supine, rotation, and exiting water) did not exhibit good test–retest reliability.

Structural validity analysis is a pivotal element in assessing the quality of evaluative tools, as it relates to the alignment between assessment outcomes and actual swimming competence (18). Using exploratory and confirmatory factor analyses, the scale was found to encompass two common factors, indicating that assessment of swimming competence relevant to water safety could be divided into two main components. In the structural validity examination, the first component encompassed five actions related to post-immersion movement abilities; i.e., entry into water, diving, rotation, prone progression, and exiting water. These five actions were essential phases in the behavior of falling into water. The second part included two indicators: supine progression and floating, which were essential skills for staying longer in water after falling in, waiting for rescue, and stabilizing one’s position. Convergent and discriminant validity test results further validated that these two parts possessed good structural validity. In previous studies, researchers have often categorized swimming competence into six or more dimensions for assessment and measurement purposes (11, 15). However, the two-part structure suggested in this research more accurately reflected the effective structure of the swimming competence of college students. Identification of structural validity not only enhanced the scientific nature of the scale, but also robustly supported its practical applicability. The actions of entry into water, submersion, rotation, prone progression, and exiting water were characterized by a dynamic sequence of movements, which could be considered as a complex series of motions constituting a sportive task (26). Previous research works have repeatedly emphasized that the evaluation of swimming competence should focus on dynamism and coherence, rather than on isolated movements (10, 12, 15). Therefore, structural validation discriminated between the competencies of dynamic coherent motion and static stability in posture within aquatic ability assessment. Concurrently, antecedent research delineates swimming distance and swimming skill as the two principal categories of aquatic proficiency (11). However, our research revealed that while prone and supine swimming both reflected capabilities in advancing through water, thus indicating swimming distance capacity, they were categorized into two distinct structures within swimming competence related to aquatic safety. This divergence stemmed from significant differences in buoyancy and the rotational effects of trunk kinematics between supine and prone swimming (27). Specifically, supine abilities offered an advantage in prolonging water retention, whereas prone capabilities facilitated more effective progression through water (28). Consequently, prone abilities were categorized within a unified characteristic of swimming coherent motion abilities, aligning with entry into water, submergence, rotation, and emerging onto land, whereas supine swimming capacity was akin to the capability of prolonged water retention, consistent with the competencies of swimming stable posture abilities.

Scale reliability analysis was a critical component in the evaluation of the quality of assessment tools. The obtained results pertaining to inter-rater consistency within this research indicated that the reliability of the Swimming Competence Assessment Scale across different evaluators was acceptable. This suggested that as long as evaluators adhered to the same procedures and standards, assessment outcomes were fundamentally consistent regardless of the assessor. Such consistency ensured the stability and reliability of assessment results, thereby enhancing scale credibility. Internal consistency results within the study reflected the homogeneity of the developed Swimming Competence Assessment Scale in measuring the swimming capabilities of university students, with all indicators effectively reflecting the aquatic competencies of these individuals. Despite the high reliability of the developed scale, the test–retest reliability of the five indicators—entry into water, floating, supine swimming, rotation, and emerging onto land—demonstrated low consistency between the two tests. This discrepancy might be attributed to the dynamic nature of swimming competence, which evolved with the acquisition of skills and development of physical capacities. The unique characteristics of the aquatic environment endow swimming competence with environmental adaptability (17, 29). The accumulation of time spent in aquatic activities distinctly influenced the enhancement of swimming capabilities. The accumulation of time spent engaging in activities within aquatic environments exhibited significant variance in its impact on the enhancement of swimming capabilities (21, 30). Water entry and exit indicators represent the ability to enter and leave an aquatic environment, while floating, supine ability, and rotational ability signified the capacity for body posture control within water (26). These indicators were intimately associated with adaptation to aquatic environments (29). On the other hand, the test–retest reliability of prone swimming and diving capabilities, which demanded more intricate motor techniques (26), appeared to be more stable. Proficiency in these motor skills necessitated prolonged periods of learning or practice for improvement. This resulted in their greater stability across two capability assessments.

Through the examination of swimming competence scale, we discovered that this scale was equally applicable to college student population, capable of objectively reflecting the actual swimming competence of university students. However, in the context of drowning prevention and swimming instruction among college students, further consideration should be given to two groups of characteristics. Emphasis should be placed on coherence and tight correlation of water entry, submersion, rotation, prone swimming, and exiting the water in both drowning prevention and swimming teaching. Simultaneously, the necessity of enhancing backstroke and floating abilities in teaching processes should be heightened to effectively augment students’ capabilities in water while awaiting rescue. The findings of this research reminded us that swimming competence assessment should not be regarded as a long-term fixed state but as a dynamic process. Therefore, the developed scale was more suited for assessing swimming capabilities at specific points in time rather than representing long-term swimming competence. In addition, considering the dynamic nature of swimming competence, the proposed swimming competence scale can be periodically applied during the teaching process for real-time feedback on swimming capabilities, which makes it a valuable diagnostic tool in the process of learning swimming skills.


4.1 Limitations and future directions


4.1.1 Research limitations

The test design in this study primarily assessed students’ immediate responses to aquatic skills, failing to comprehensively capture the long-term development of swimming competence or changes across different training stages. Therefore, future research should employ multiple assessments and longitudinal tracking to validate the long-term effectiveness of the SCAS.

Although the SCAS covers basic swimming skills performed in a pool, it does not include assessments of broader water safety competencies, such as emergency responses in natural water bodies or under specific conditions (e.g., swimming in clothing). This limitation may reduce the SCAS’s applicability in evaluating comprehensive swimming competence. Future studies should consider incorporating a wider range of assessment criteria to enhance the scale’s practical value.



4.1.2 Practical applications

The SCAS can serve as a standardized assessment tool in college swimming courses. By regularly evaluating students’ swimming competence, instructors can adjust the course content based on student performance, ensuring that students meet the expected skill levels by the end of the course.

Colleges can integrate the SCAS into water safety education programs to assess and enhance students’ water safety skills. Systematic evaluation of swimming competence will enable schools to conduct more targeted drowning prevention education, improving students’ safety awareness and emergency response capabilities.

The SCAS can be incorporated into college students’ physical fitness assessment systems as part of evaluating their overall physical abilities. This will help schools gain a more comprehensive understanding of students’ physical fitness and provide a basis for developing more personalized exercise programs.





5 Conclusion

College students’ Swimming Competence Assessment Scale can be utilized for self-assessment or by others to explore the swimming competence of college students, demonstrating consistency across different evaluators. The swimming capabilities of college students were divided into two aspects: coherent swimming actions and stable swimming postures. In daily teaching and training, as well as drowning prevention education, it is necessary to address and evaluate college students’ swimming competence from these two dimensions in order to further enhance the cultivation of drowning prevention skills among college students. The developed college students’ swimming competence scale exhibited variability in repeated measurements, indicating that swimming competence evolved with the accumulation of time spent in aquatic activities. The assessment of college students’ swimming competence should dynamically be adjusted as swimming skills improved and adaptability to aquatic environments increased. The developed college students’ swimming competence scale could be extensively applied in the actual teaching and assessment of swimming competence, further advancing the development of education related to swimming and aquatic capabilities.
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Promotions of physical exercise for adolescents have become key elements of the country’s national sports and health campaigns in China. Specifically, these promotions have gone through four stages including Initial Institutionalization, Standardization and Legalization, Solidification and Publicization, and Comprehensiveness and Diversification, which are interpreted based on the Multiple Streams Framework with discussions of the role and dynamism of the problem streams, political streams, and policy streams included. The results reveal that the political streams, reified by the will of the governing party and the central government in particular, play a leading role in policy transformations. Consequently, identifications of existing problems and subsequent adoption of proper measures emerge as the key to generating policy developments in the promotion of physical exercise for adolescents in China.
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1 Introduction

Physical inactivity is the fourth leading risk factor for mortality globally and is responsible for 6% of deaths worldwide and for around 10% in the World Health Organization (WHO) European Region (1). According to the Report on the Development of Youth Sports in China published by the State General Administration of Sports and a large number of studies, the age range of the youth group is roughly 6–19 years old (2). The habit of physical activity in childhood and adolescence reduces the risk of diseases such as cardiovascular disease, overweight and obesity, diabetes and cancer, and also positively affects a person’s physical and mental health, and even intellectual and social wellbeing (3–5). In China, promotions of physical activity for adolescents (PPAA) have become key elements of the country’s national sports and health campaigns, as manifested by the inclusion of children and adolescents’ participation in sports in the recent “Outline for Building a Leading Sports Nation” and the “Healthy China Initiative 2030,” foregrounded as part of the important national development goals (6, 7). However, the latest report on the physical fitness of adolescents in China indicated a severe gap between policy and reality. On physical attributes alone, the obesity rate of male adolescents (aged 7–22) has skyrocketed, increased around 24 and 44 times for those living in urban and rural areas, respectively, in the last three decades, and a relatively mild yet still alarming figure was also witnessed for their female counterparts, which saw a 12-fold increase in obesity rate (8). Meanwhile, other physical attributes of the adolescents in China, such as fitness and eyesight, kept declining (9). Another report revealed main contributing factors that impede adolescents’ participation in physical activity, including replacement or cancelation of physical education, imbalance between supply and demand for extracurricular sport services, lacking of organized and professional guidance for adolescents in sports, and the more extreme mentality of “fearing sports will damage one’s academic performance,” all of which have highlighted the more pronounced negativity towards sports and physical activity for the adolescents in China (10).

In actuality, the emphasis on PPAA in physical activity can date back to the founding of the People’s Republic of China (PRC) (7), discussions on this topic have always taken place in the highest leadership of the country, from the Political Bureau of the Central Committee of the Communist Party of China (CPC) to the Executive Meeting of the State Council, and have materialized as legislations, regulations, and implementations of Party policies. Relevant policies have undergone several “milestone” reforms and updates, such as the modification of the traditional “top-down” model of physical education for adolescents and its eventual ascension to national level policies (11). However, the result never fully met its expectations, regardless of the policy support. For a long time, relevant work on PPAA and the current status-quo of the physical fitness of the adolescents have been tangled by multiple factors including the country’s process of economic development, political landscape, education, and social context (12). Other more salient issues including the lack of actual content and sound structure of the policies, their compatibility with the actual situation, have also posed negative impacts on the proper implementation of the promotion (13). The broader economic, political, cultural, and social elements, mixed with the more salient policy-wise issues, have led to a reduced “chemistry” between reality and policy in the country’s efforts to promote physical activity for its adolescents. Thus, this situation propelled us to ask the following questions:


RQ1: What factors attributed to the constant increase of attention from the government and the CPC on policies relevant to PPAA?
RQ2: What are the “key events” that have led to the reforms and innovations of the policies?
RQ3: Why does the current status-quo of the adolescents’ physical fitness fail to meet the expected result in the policies?



These questions will be answered by reviewing the procedural elements of the policies on PPAA in China and the key events centered around these policies. The evolvement and dynamic mechanism of the policy reforms and updates with the purpose of providing references to advocates of PPAA will be analyzed through historic reviews and Multiple Streams Framework, solutions to physical fitness problems of the adolescents from sports, and other major public health policies, thus more effective actions could ensue when possible “Policy window” surfaced.



2 Multi source flow theory analytical framework

How public issues attracted the attention of policymakers and are gradually included in government agendas has always been one of the focuses of studies on policy sciences. Centering on “why does the policy change,” multiple policy analysis theories were introduced since the establishment of this discipline. Earlier scholarly literature on this front were mostly vested in the Rational Choice Theory, including Decision Theory, New Institutional Sociology, Social Choice Theory (14). However, questions on the efficacy of the Rational Choice Theory and the subsequent rise of the Concept of Bounded Rationality have led to a new breed of theories including Advocacy Coalition Framework Theory, Punctuated-Equilibrium Theory, Policy Diffusion Theory (15), mostly notably the Multiple Streams Framework (MSF) from Kingdon and Stano (16), which was built on Cohen’s “Garbage Can” mode (17). The MSF stands as a new analytical framework of policy process based on complexity theory and new institutionalism aimed at the establishment of agendas and public policies, which has become one of the most important theories in public policy studies (18). The MSF has focused on the problematic preferences, political agenda setting, and policy choices of policy analysis, which are reified as problem streams, political streams, and policy streams respectively, with each of these factors following its own dynamic characteristics and rules (19).

First of all, the problem stream is composed of various problems in the society, which refers to the focused attention of the government and policy makers due to specific problems, which are highlighted through a series of quantitative indicators, immediate feedback of the real situation and the focus events that trigger widespread concern in the society, prompting the establishment of the policy agenda, which is the starting impetus in the process of policy making, and how the problems that exist in real-life scenarios and have a wide range of public interest It is the process by which issues of broad public interest that exist in real-life scenarios are brought to the attention of the government. Other factors in the problem streams include major identifying indicators, negative policy feedbacks, or capabilities of policy authorities on handling issues, etc. (20). To wit, the analysis of problem streams aim to identify public social problems and investigate the reasons behind why certain issues gathered the interest from government officials and propelled them to include these issues into government agendas.

Secondly, policy streams are diversified policy ideas and solutions from different policy communities around a certain social issue, and based on their respective professional perspectives and interests, they compete to put forward innovative policy ideas, providing a rich pool of alternatives for policy formulation.

Finally, political streams refer to political processes that affect settlement of issues. Such processes include the Party’s Ruling Philosophy, the shift of political powers, emotions of national citizens, pressures from interest groups, and public opinions. Among other things, the Party’s Ruling Philosophy and the shift of political powers often greatly influences the formulations of policies.

The said three streams would gradually develop and confluence at specific event or time juncture, opening a “policy window” for public issues to be included into policy agendas and subsequently drive policy developments and policy updates (21). The confluence of the three streams exemplifies the dynamic integration of specific issues, policy proposals, and political landscapes. This integration, plus the exterior “push” from “policy entrepreneurs” and the opening of “policy windows,” jointly contributed to the establishment of policy agendas. In short, the MSF demonstrates a clear theoretical structure and strong explanatory power for it believes that the mixture of problem identification, feasibility plan, and political environment is the crucial factor for the formulation of policies, and thus unlocked the “black box” of policy-making. The MSF reveals multiple elements that drive the introduction of certain public policies at a specific time juncture and serves as a scientific mode of proof of the rationality in policy-making and drivers of policy changes. It is characterized by understanding the intricate and interactive logical mechanism between various influencing factors in the process of policy agenda setting, which provides a thinking path and theoretical support for in-depth analysis of the formation and evolution of public policies. Admittedly, the differences between political systems also make prominent limitations of adopting the MSF indiscriminately (22, 23).

Since the multiple streams theory was born in the West, China has a different political system than the West, with the former being more centralized, which often leads to differences in political streams. Therefore, in the Chinese social environment, the ideology and ruling philosophy of the CPC plays a key leading role. Specifically, the absence of interest groups and party turnover in China’s political system, the special position of the CPC as the leading center of the socialist development path with Chinese characteristics and as the only ruling party in China, and the role of government agencies as the main body of policy formulation and implementation, make it possible for China’s political streams to remain dominated by the Party and the government. As a result, the ruling philosophy of the CCP has become a key element of the political stream, and its policies are often implemented in line with the ruling party’s ideology, with the political stream mostly epitomizing the will of the top leadership (24). When confronted with the issue of youth sport and health in China, successive generations of party and state leaders have had a consistent line of thought, all of whom have attached great importance to the top-down supply of youth sport and health policies, which has profoundly influenced the construction and improvement of youth sport and health-related policies at various stages of historical development. At the beginning of the founding of the People’s Republic of China, the Communist Party of China (CPC), while comprehensively refreshing its political construction, economic construction, social construction and Party construction, got rid of the old and brought in the new and vigorously strengthened its ideological construction. Comrade Mao Zedong’s educational tenet of “health first, study second” became a slogan and catchphrase widely promoted throughout the country. Youth sports and health policies have arisen and developed in this context, and have also profoundly influenced the construction of the subsequent relevant policy system. However, the backward concepts of modern society and the backwardness of the country’s economic conditions may have led to a one-sided understanding of the goals of education; and the excessive pursuit of success, with an emphasis on political campaigns, productive labor, and the development of the body, may have neglected the systematic and professional nature of physical education, resulting in youth The diversity and scientific nature of physical exercise is insufficient. Subsequently, Comrade Deng Xiaoping put forward the idea that “we should strive to make our young people idealistic, moral, knowledgeable and physically strong” (25), and Comrade Hu Jintao put forward the “people-oriented” scientific concept of development, and made the important decision to strengthen the sports and physical fitness of young people; these policies have contributed to the continuous development and improvement of China’s youth sports and health policies. However, at the same time, the excessively fast pace of economic and social development has brought about a series of negative problems, including a lack of attention to physical activity and physical health among young people, as well as a series of problems such as declining vision and obesity among young people, which have accompanied modernization. Currently, China is in the Xi Jinping era, and as the problem of youth physical health has seriously affected national and social development, youth sports and health promotion policies have been given unprecedented height and depth, stimulating widespread concern and participation in youth sports and health by the whole society. However, the specific policy measures and the implementation of the policies remain to be examined. In the process of policy formulation and implementation, the leadership of the Communist Party of China (CPC) and the leading role of governmental agencies are obvious; the youth sports health promotion policy has been continuously separated from the old policy and deeply integrated with the new era, and the introduction of the policy at each stage has profoundly embodied the ruling philosophy of the leaders, which has had a multifaceted and multi-layered impact on the youth sports health policy.

Another difference lies in policy streams and coupling of streams. The National People’s Congress (NPC) and Chinese People’s Political Consultative Conference (CPPCC) are the major policy communities that participate in the policy agenda settings under China’s political system (26, 27). After the problem streams invoked shifts in national opinions and subsequent attention from the government, the policy communities would provide suggestions and solutions, which are later converged into the coupling of streams. To wit, the policy streams were integrated into the coupling in the first window opened by the problem and political streams, which laid the ground for the opening of the second window of opportunity, allowing the issue to enter the policy agenda. Consequently, the order of appearance of the three streams in China is almost predictable, which follows a problem-political-policy sequence (24), making possible top-down policy reforms. Moreover, the policy streams under China’s national circumstances involve three additional modalities. The first is the local pilot projects that follow a bottom-up pattern, since if certain policies introduced by the central leadership received success in a local region, then they would possibly be able to be implemented elsewhere in the country given China’s centralized political system. The second modality involves suggestions and proposals from department directors and experts and scholars. However, all of these increments to the policy streams are affected by the ideology of the governing party as they need to be consistent with the fundamental political interests. Consequently, it is necessary to take into consideration the leading role of the ideology of the governing party and its extensive implications. Due to the reasons listed above, it is necessary to make subsequent modifications to the MSF to make the theory more relevant to China’s policy practice, as shown in Figure 1.
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FIGURE 1
 A modified model of MSF.


Under the modified MSF theory, this study aims to identify drivers for policy changes of PPAA in China through discussions of previous policies. More specifically, studies of the problem streams focus on the analysis of events that affect the adolescents physical fitness and feedbacks to existing policies with “Chinese National Survey on Students” Constitution and Health (CNSSCH) as indicators; analysis of the policy streams, based on the understanding of the problems, discuss major pathways of how “policy primeval soup’ is created by national leaders, government officials, scholars, and practitioners; discussions of the political streams include opinions of national citizens, ideology of the CPC and the top leadership, and public opinions from generated by the media, with a major focus on the delineation the concepts and ideologies of national leaders as they shape the political environment for policy changes.



3 Methods and data

The long-term span of the policy makes it difficult to conduct “interviews on events that lead to policy development, policy entrepreneurs, and processes (15).” The process of research methods includes three steps. The first step includes policy reference materials that are directly related to adolescents, physical exercise, health promotion, and population-wide policy. On CNKI, the literature searches are used to use the words “youth policy,” “physical exercise policy,” “health promotion policy,” and “population-wide policy” on CNKI. From 1949 to 2020, 341, 290, 664, and 320 references were obtained. The theme included sports and finally screened 115, 290, 62, and 65 references. A Google Scholar search using the terms “youth policy,” “physical activity policy,” “health promotion policy,” and “population-wide policy” yielded 3,830,000, 15,900, 5,980,000, and 4,670,000 results, respectively. The search using the terms “youth policy,” “physical activity policy,” “health promotion policy,” and “population-wide policy” yielded 3,830,000, 15,900, 5,980,000, and 4,670,000 results, respectively. A similar approach applies to other search engines. A phased review strategy was adopted, starting with an exhaustive review of the information embedded in the abstract section, followed by verification of the sources and channels of publication of these documents, and finally delving into a meticulous review of each of the materials. The first step produced 285 journals, 224 scholarly articles, 2 newspapers, 1 book, and 29 conference articles that served as the basis for the next step.

The second step was to search for keywords (youth, sport, physical activity, health promotion, and population-wide policy) in digital databases of official national documents, including the Sports Laws and Regulations Document Retrieval System,1 the China Laws and Regulations Database,2 and the State Council Policy Documents Database,3 etc. From these sources, a wide range of policy documents can be obtained, including legislative acts, policies, initiatives, action plans, opinions, decisions and circulars. The data-set also includes official statistics, transcripts of speeches by national leaders and government officials, annual reports on youth development and news reports. With the restriction of time frame and the utilization of precise query, 187, 9, 50, 3, and 1,903 references were obtained in the Sports Laws and Regulations Document Retrieval System, 1, 56, 0, 3, and 28 references were obtained from the Chinese Laws and Regulations Database, and 4, 151, 1, 3, and 10 references were obtained from the State Council Policy Documents Database. The second step produced 60 statutes, 82 documents, 87 bulletins, 9 policies, and 2,143 reports that served as the basis for the next step.

The third step of screening the literature obtained above is a gradual process of screening the literature that is most relevant to the topic of the study, based on predefined inclusion and exclusion criteria. Specific steps include an initial screening to eliminate irrelevant and duplicative literature, followed by a more in-depth assessment of the remaining literature to ensure its quality and applicability. After completing the data assessment, analysis and presentation, 384 PPAA related policy documents were finally selected to support the article, which were within our target range of keywords and time and analyzed according to the research objectives with the help of MSF.



4 Results


4.1 Document quantity analysis and policy stage division

Figure 2 shows the time sequence of collections of documents. From 1949 to 2021, 384 policies relevant to PPAA were introduced (5.2 annually). The quantity of the policies revealed a generally increasing trend, indicating the constant rise of importance attached to PPAA from national authorities. Yet the annual quantity of policies shows a relatively high dispersion rate (3.87 standard deviation), which means high policy fluctuations. A closer look at the trend of fluctuation indicates the quantity of documents spiked at 1954, 1978, and 1999, and plateaued between 1999 and 2008, followed by a sharp decline in 2011 and a subsequent stable growth since 2012. The dynamic change in the number of policies introduced annually is highly related to influence of the three streams. Based on the historical lineage, social background, leadership changes, and the temporal characteristics of policy dynamics, the policy history of youth sports and health promotion is roughly divided into four stages: the initial institutionalization stage (1949–1977), the standardization and legalization stage (1978–1998), the solidification and publicity stage (1999–2011), and the synthesis and diversification stage (2012-present).
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FIGURE 2
 Numbers of changes of PPAA policies since the founding of New China.


The first phase (1949–1977) is characterized by Initial Institutionalization. This period is in the dawn of the new China and the 10 years of the Cultural Revolution stormy and shaky intertwined with the complexity of the period, in the political strife and chaos and other unfavorable situations, from the central government to the local sports department of the entire sports front into paralysis, the sports business basically stopped, but in the Party Central Committee and the State Council’s care, the youth sports policy quietly sprouted, embarked on the preliminary stage of exploration. During this period, its main purpose was to safeguard the physical health of young people, and the content of the policy was relatively homogenous, focusing on enhancing the physical fitness of students and promoting physical exercise, with the Government oriented towards the prevention of disease and the improvement of physical fitness through physical exercise, reflecting the guiding ideology of “health first,” and serving the goal of improving the physical fitness and health of young people. However, specific implementation measures and systems are not yet perfect, and the development of school sports is mostly promoted through administrative means. The Ministry of Education, the National Sports Commission and the Ministry of Health, among others, have jointly issued a series of policies, represented by major policies including “The Decision on Improving Health Conditions of Students at Various Levels of Educational Institutions (1951)” and “Regulations of Labour and Defence (1958).” The policies introduced in this stage focused on “disease prevention and improvement of physical fitness.” With school physical education as main field of interest, the initial physical education system in China was established, with curricular content such as classes and textbooks and extracurricular activities including sports competitions, radio broadcast exercises, and system of labor and defense. This stage marks the beginning of the model of PPAA featuring the integration of curricular and extracurricular contents centering around school physical education.

The second phase (1978–1998) can be seen as the stage of Standardization and Legalization. With the advancement of reform and opening up, youth sports policy has entered a phase of recovery and reconstruction, and the policy system has begun to focus on guaranteeing the smooth implementation of youth sports activities through institutionalized and legalized means, thereby promoting the comprehensive and healthy development of young people. With the introduction of major policies including “Interim Work Regulations of Full-Time Primary and Secondary Schools (Draft) (1978),” “Regulations on the Work Concerning Physical Education and Sport in Schools (1990),” “National Fitness Guidelines, and Law of the People’s Republic of China on Sports (1995)” during this period. The introduction of the document marks the youth sports work into the legalized track. There is an important legal guarantee for the standardization and scientific development of school sports. Although still focusing on school physical education, the policies in this era propelled the establishment of specific legal regulations, and have become more inclusive in terms of subjects, including physical education, extracurricular activities, after-school sports training, sports entrance examination, faculties of physical education, organizational structure and management, facility, equipment, device, and funding. Moreover, this stage also saw the addition of the national system of physical fitness monitoring and examination for adolescents, manifested by routine surveys and close monitoring and the “health card” database for the physical fitness and health of adolescents, and the construction of a more complete system of physical education and sports policies for adolescents.

The third phase can be seen as the stage of Solidification and Publicization. With the continuous improvement of the policy system, the youth sports policy has gradually solidified, forming a more stable policy environment, and the policy has begun to focus on the public nature of youth sports, promoting the tilting of public sports facilities and services in favor of young people, and improving the participation of young people in sports activities as well as the accessibility and fairness of sports resources. It focuses on policies such as “The Decision on Deepening Educational Reform and Comprehensive Promotion of Quality Education (1999),” “Outline of the Reform and Development of Physical Education 2001–2010 (2000),” and “Opinions of the CPC Central Committee and the General Office of the State Council on Improving Physical Fitness of Adolescents (2007).” The policies in this stage elevate PPAA to national level strategies, which saw the introduction of an interconnected physical activity promotion network (e.g., the “Home-School-Society” initiative). The focus of these policies was thus on promoting the establishment a social support network and incorporate more social groups into the promotion agenda of physical education and health for adolescents through setting up dedicated sports clubs and pilot projects for outdoor sports camps for adolescents. The introduction of the new “curriculum-extra curriculum” and “on campus-off campus” models created important institutional assurance to the fostering of a supportive social environment for the development of practice of physical activity and health for adolescents.

The fourth phase can be seen as the stage of Comprehensiveness and Diversification. Youth sports policy has entered a stage of comprehensive and multifaceted development, with more comprehensive and systematic policy content, covering a wide range of areas such as sports, education and health. The policy orientation gradually focuses on synergistic cooperation among the Government, schools, families and society to jointly promote the development of youth sports. The Notice on “Notice Concerning Further Improving Work on School Physical Education (2012),” “Opinions on Improving the Role of School Physical Education in Promoting the All-around Development of the Physical and Mental Health of Students (2016),” “Guideline for Healthy China Initiative 2030 (2016),” “Promotion Plan for Physical Activity of Adolescents (2017),” “Outline for Building a Leading Sports Nation (2019),” “Opinions on Promoting Healthy Development of Adolescents through Deepening Integration between Sports and Education (2020)” were adopted. Building upon the school physical education system and the off-campus public sports services for adolescents, the policies managed to set up a comprehensive governing structure for school physical education featuring “policy-implementation-assurance-monitoring-evaluation-feedback” and a diversified off-campus public sports service structure which is led by the government, and jointly built by the authorities and the general public, covering areas including academic educations, sports activities, health promotions, sports organizations, and facilities. Youth sports policies and health promotion policies were highly integrated during that period, working together to build a comprehensive system of youth health promotion.



4.2 Policy transformations of PPAA in China from the perspective of the MSF


4.2.1 Problem streams

Problem streams lead to the establishment of new policy agendas and propelled shifts in policy landscapes. During the development of PPAA in China, the problem streams witnessed in the various stages of this process drove the adoption of new proposals, which subsequently resulted in policy overhauls once supported by top leadership.

The first stage of the said process can be located at the beginning of the founding of the PRC. Tormented by long-term warfare, economic depression, unfavorable medical conditions and the Cultural Revolution. The political movements and struggles of this period disrupted the normal educational order for young people, who were unable to receive systematic education and training (28). Although the Government has enacted a number of youth policies to protect and promote the healthy growth of young people, the effectiveness of the implementation of these policies has been affected to a certain extent due to the special background of the Cultural Revolution, resulting in the relatively poor physical fitness and health of young people during that period. Issues including maldevelopment, physical impairment, and high morbidity have seriously affected the enrolment and employment of adolescents, with around 8.1% students suspended schooling due to illness (29). The prevailing social climate has, to a certain extent, influenced the values and behaviors of young people, which may lead to the establishment of biased worldviews and values, adversely affecting their moral character and sense of social responsibility, and in turn affecting their physical fitness behaviors (30). The scarcity of appropriate policy structures, together with a general lack of concern to improve the fitness and health conditions of adolescents for the ever-increasing social, economic and labor requirement, have surfaced as main reasons for China’s efforts in its Initial Institutionalization of policies of PPAA.

The second stage of the development of promotion policies took place after the Cultural Revolution, with impacts from major crises being one of the main factors that drive policy changes. Under this historical context (31), policy structures established during the first stage have gone through drastic changes, including the replacement of PE curriculum with labor and military training, and even the cancelation of PE classes (32, 33), all of which have greatly damaged PPAA. Reports showed that 53% elementary schools, 73% junior high schools, and 94% senior high schools had either limited hours of PE classes or even canceled them entirely, and more than 30% of schools failed to maintain regular physical activities for students (34). Thus the promotion policies at this stage mostly focused on recovery and reconstruction, as well as institutionalization and law-based practices.

Policy shifts in the third stage can be mainly attributed to changes in key indicators and subsequent policy feedback. In 1985, China launched its first CNSSCH on a national scale. Fast-forward to 2005, the results revealed a 20-year consecutive decline in the fitness and health conditions of adolescents in China (35), exposing the inadequacy of governance in this respect. Researches at this time period revealed a general weak health awareness, low interest in physical activities, and negative attitudes toward sports among Chinese adolescents, often reified as long screen time (36, 37) and mounting pressures in an exam-oriented education (38, 39), which were caused by a mixture of elements including rapid economic development, lifestyle changes due to social and technological transformations (40), misplacement of physical education orientations, and mismatch between curriculum and reality (41). As the government has been preoccupied with economic development, fewer attentions were allocated to public issues, which led to the increasing prominence of previously neglected social hotspot issues, such as the lack of sports facilities, faculties, and services (42). Consequently, the point of focus of this stage dwells on the rectification of the negative effects from previous policies and relevant modifications, which led to the readjustment of the scope and focus of governmental functions.

The latest stage of the policy development coincides with the shift of China’s economy from the previous “high speed” growth model to the current “high quality” growth model, and policy feedback have become the main driver for policy transformations. The shift of growth models and the top-level design (43) means the abandonment of the previous “extensive” development model of the promotion policies. However, relevant governmental functions failed to undergo fundamental transformations. Specifically, the absence, misplacement, and overreaching of certain governmental functions remain unresolved, and the “administrative barrier” between government departments remain unbroken, which greatly stifled the collaborative advantages between departments (44). The collisions between the old and the new policy structures during reforms and transitions limited market vitality and public creativity, overshadowing the benefits and functions of school physical education and public sports service. These issues have propelled the promotion policies during this stage to re-shift their focuses on the modification of ecology of school physical education and the enhancement of public sports services.



4.2.2 Political streams

Political streams often play decisive roles in directing the transformations of policies of PPAA in China. Factors including changes in public opinions and new governance concepts usually cause large-scale policy transformations. Changes in public opinion do not only reflect the general appeals and attitudes of national citizens in policy agendas, but also affect the establishment and implementation of policies. Based on the statistics from China News Database,4 joint focus, reflection, and identification on health-related topics for adolescents emerged as key elements in public opinions that push policy changes, and discussions about the physical health of young people are increasingly at the forefront of public debate, driven by the media (Figure 3) (45). However, under the current socio-cultural context in China, policy structures of PPAA also ignited fierce social debates. Due to the unbalanced focus on entrance examinations (e.g., college entrance examination, or Gaokao) and academic curriculum, most parents believe that physical activity would damage their children’s competitive edges in their academic performance (46–48). This public opinion of weighing academic courses over physical activity in an exam-oriented education system (49) greatly impeded the establishment and implementations of relevant promotion policies. Consequently, in order to remedy the status-quo of favoring academic achievements over physical wellbeing, recent policies of PPAA have foregrounded the inclusion of school entrance examinations as the new focus of policy orientations (50). The authorities expected to raise public awareness of promotions of physical activity through the introduction of sports exams and this policy inclination continues to intensify.
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FIGURE 3
 Hot-spot trend of news on the health of adolescents in China News Database.


Under China’s political system, governing strategies of the CPC appear as the political backdrop that delimits that orientation, objective, and contents of the policies of PPAA. Meanwhile, the establishment, implementation, and transformations of such promotion policies also reflected the shifts of CPC’s governing strategies, becoming one of the key driving forces of policy changes.

The first stage of the policy development took place when the main focus of the CPC was economic recovery and the consolidation of administrative power and national defense, with China adopting the model of planned economy from the Soviet Union (51). The concept of Mao Zedong’s New Democracy has incorporated sports activities as one of the indicators of the political success of the Socialist revolution and the Communist Party (52). During this time period, the will of the leadership that affects the policies of PPAA can be summarized as “serving labor productivity and national defense,” “developing sports activities to enhance fitness of national citizens,” and “learning from advanced experience from the Soviet Union” (31, 53). This has directly resulted in highly centralized, military-oriented, and Soviet-based policy structure that was highly unrealistic, rigid, unified, and planned, which can be epitomized from political tendencies of “replacing sports with labor” and “replacing sports with military training” (54), as well as the “copy and paste” of Soviet style curriculum and teaching materials of school physical education. This has become the foundation of the policies of PPAA centered around school physical education in China during this stage.

The Second Plenary Session of the 11th Central Committee of the Chinese Communist Party marked the beginning of the second stage of the policy development as China entered its era of Reform and Opening up and modernization, during when the CPC Central Committee proposed a renewed education guideline featuring “Prioritizing Educational Development” and “Fostering All-around Development for the Students,” which redirected the government’s focus back to school physical education. Dedicated organizations and working structures were established by educational departments with the introduction of a series of special laws and regulations on school physical education and evaluation mechanisms for sports-related curriculum, faculty, and facility were also in place. The resolution of “Deepening the Reform Comprehensively” from the Central Committee of the CPC further diluted the “highly centralized” management model of physical education in China, and marked the beginning of the shift of governmental functions in this area featuring a streamlined and layered management structure (31). Under the initiative of establishing a national fitness program centered around adolescents (55, 56), this revamped system of physical education in China signified the start of a market-oriented and rational approach toward the sports industry in the country (57) and paved the way for future expansions of the policies of PPAA in the next stage.

The policies introduced in the third stage happened during when the central leadership proposed to “establish and improve the socialist market economy,” a relatively key moment in China’s development. Thus, the main objectives of the policies of PPAA were redirected to conform to the new economic outlook in the country. With the establishment of national development plans including, “Quality-oriented Education,” “Scientific Outlook on Development” and “Strategy to Make China a Talent-Strong Country,” the government expanded its understanding of the functions of sports to areas including education, cultural exchange, politics, economy, and social activities, marking the return of “human-centered” physical education in China and a general shift of policy concepts toward the need of adolescents. Consequently, policies in this stage revealed an inclination of foregrounding balanced and rational development of PPAA, with more attentions paid to their needs in practicing sports. Moreover, the policies also highlighted a hybrid development model combining both the “Health First” school physical education system and the market-oriented public sports service system for adolescents (58). Meanwhile, the 16th National Congress of the CPC proposed a shift of governmental functions from microscopic management to macroscopic readjustments and controls, which include economic regulations, market supervision, social management, and public service (59). In 2007, former President Hu Jintao called for the meeting of the Member of the Standing Committee of the Political Bureau on discussing the fitness of adolescents (6), which led to a renewed focus of the promotion policies on creating favorable social environments (60) beneficial to facilitating sports-related health behaviors for adolescents. Through incorporating multiple interest groups (clubs, organizations, training camps, communities, families, etc.) into the policy agenda, the boundaries set for the promotion policies were further expanded from schools to the society.

The latest stage of the policies took place when President Xi Jinping announced that China has entered the “new era of socialist development.” Under this context, a series of sports-related policies were introduced, represented by “Building a Leading Sports Nation” (61, 62), “Healthy China 2030 Initiative” (63), “Nationwide Fitness Program” (6), which pushed physical activity of adolescents to a new height in the country’s general national development strategy, and a new wave of policies were implemented. Since the 18th National Congress of the CPC, the Central Committee of the CPC continued the approach of streamlining administrative powers and enhancing the efficiency of the government, exemplified by the decision on “the modernization of China’s system and capacity for governance” proposed during the Third Plenary Session of the 18th CPC Central Committee (64). The 19th National Congress of the CPC saw the introductions of principles including “building a service-oriented government that the people are satisfied with” and “fostering a social governance pattern featuring joint contribution, participation, shared benefits.” Under this context, the policies of PPAA also saw their transformations with the deepening of the reform of “streamline administration and delegate power, improve regulation, and upgrade services,” and the governance model of physical education for adolescents characterized by “government-society-market collaboration and family-school-community linkage” was gradually adopted (65), emphasizing on providing an all-around, diversified, and high-quality sports service structure to adolescents (66).



4.2.3 Policy stream

When a certain social issue caught the attention of a large number of policy participants, the policy community, which consists mostly of academicians, third-party organizations, and government officials, would debate and discuss the issue through official or unofficial channels, producing “policy primeval soup” including research results, policy consultation reports and solutions for the reference of policy-makers, which ultimately shapes the formulation of authoritative and legal policies. At the initial stages of the first and second phases of policy formulations, due to the immaturity of the initial batch of policies and potential influence from underlying crises, the “policy primeval soup” mostly originates from suggestions from governmental actors who participated in the making of the policy and results from pilot projects led by local-level government departments. For example, in 1953, suggestions like “imitating the Soviet model” and “quickly establishing and improving sports commissions at various levels” from He Long, the then director of the Sports Commission of the CPC Central Committee, were approved and implemented in the 205th council meeting of the State Council in 1954 (67). Apart from work reports from relevant high-level officials, the National Sports Commission would submit policy suggestions proposed during its annual meeting to the central government in forms of meeting minutes or reports, which were later adopted as policies and implemented after modifications from the decision makers in the central government. However, the adaptability of certain innovative policy proposals or suggestions in actual practices remained unknown at the beginning, thus requiring the government to allocate available resources to conduct empirical studies of the effects of the policies, or even pilot projects. These local level policy experiments and innovations often served as indicators for the national government to regulate and readjust the policies adopted. For instance, the “Ready for Labor and Defence” was initially tested as pilot projects in the primary and middle schools in Beijing, Shanghai, and Tianjin and other major cities in 1951, was later modified and implemented as the “Regulations of Labor and Defence” in 1958 and re-adapted as the “Physical Training Standards for Adolescents” in 1964 (68).

In the third and fourth stages of the policies, as the fitness and health issues of adolescents intensified, policies of PPAA were elevated to the status of national strategies. The surge of policy participants led to more diversified sources for policies. Research reports, among other academic contributions from experts and scholars, began to provide important policy support to the opening of the “policy window,” as can be seen from the plethora of research projects aimed at promoting physical activity of adolescents funded by The National Social Science Fund of China since 2007 (69). The accumulations of research gave birth to a number of innovative and forward-looking policy alternatives and policies from the NPC and CPPCC mechanisms also greatly enriched the “policy primeval soup.” Moreover, a portion of policy entrepreneurs possesses a “dual identity” as they are both elite-level representatives in the sports industry and the political realm, thus giving them the power to provide policy suggestions for national deliberations during the opening of the “Two Sessions.” Once their proposals on the policies of PPAA were approved, these proposals would often instantly acquire legal bindings. Plenty of examples of this nature can be witnessed in recent years, such as “increasing the weight of sports in school entrance exams at various levels” proposed by Dai Liyi, vice president of the Huadong Normal University, Ding Shizhong, Chairman of the board of directors of the Anta Group, along with several other contributors (70). Yao Ming, the former Chinese basketball star and the current president of CBA, also participated in the policy-making process in this area and helped facilitate the implementation of more effective policies at higher levels (71). These policy suggestions also shaped public opinions on sports and made possible the suggestions from the policy community to popularize and eventually become a public consensus.





5 Discussion


5.1 Opening of the policy window: policy transformations from the convergence of the three streams

In this paper, we explore the evolution of youth sport and health policy in China through the modified MSF theory. The declining physical fitness and the frequent occurrence of key events in China’s youth health constitute the original driving force for the emergence of policy issues; the reality of the problem attracts the attention of policy makers from all walks of life, and the bills, research reports, and policy recommendations put forward by the policy community around youth sports and health promotion converge to form a policy source stream, providing sufficient reference for policy changes. Most importantly, in this process, the party and state leaders’ great attention to and clear instructions on youth sport health promotion have influenced the direction of youth sport health promotion policy provision from the level of national leaders, injecting a political stream of policy change. When the three streams are intertwined and coupled, the key “policy window” will inevitably come into being, forming a powerful synergy to promote policy change.

The results of this study are generally consistent with the findings of most studies that have explored in depth how the institutional environment shapes the paths and outcomes of policymaking through specific cases, demonstrating the unique strengths of the multi-source flow theory in revealing the complex dynamics of the process of parsing policy change, predicting policy trends, and guiding changes in policymaking. For example, changes in adolescent health-related promotion policies in Iran are mainly influenced by policy streams (72), with the issue stream in the UK taking a central role in the development of relevant policies (73–75), policy changes in the US are the result of the combined influence of the issue stream, the policy stream, and the political stream (76). China is influenced by the actual national conditions and political system, and the political stream plays a key leading role in its PPAA change process. Although, the reform and development of the multi-source flow theory policy is the result of the joint efforts from the governing party, government, society, and general public, and their ideological approach to youth sport and health promotion policy is the core of driving the policy change. The MSF believes that the opening of the “policy window” offers opportunities for policy transformations, the key to which lies in the confluence of the problem streams, the policy streams, and the political streams (77). The dynamic interactions of the three streams induced noticeable changes and modifications of the objectives, focus, concepts, modes, scopes, and requirements of such promotion policies in China. If interpreted from the perspective of the MSF, salient issues concerning the fitness and health of adolescents can be seen as rationales for policy transformations, governing concepts and wills of the leadership at different time periods serve as policy orientations, and proposals and suggestions from members of the policy coalition provide the legal foundation for the changes in the policy. In summary, the “policy window” opened during the interactions and integration of the three streams, which led to the transformations of the policies of PPAA in the country (Figure 4).
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FIGURE 4
 Transformations of the policies of PPAA in China based on MSF.


The decision-making agenda is the key to materialize results from the “policy window” as actual implementations of policies and often dictates the effectiveness of such policies. The problem and political streams serve as crucial drivers during policy transformations. Specifically, the major incentive of the development of the problem streams mainly includes the existing issues in the fitness and health of adolescents and a pressing need to increase the effectiveness of the policies. However, external pressures are not the most prominent forces that propelled policy changes in China. In other words, the policy agendas do not force decision makers in adopting new agendas through public pressures or expressions of public opinions, since the fitness and health issues of the adolescents can be traced back to the founding of the PRC. Instead, it is the identification of the problems from the governing party and the central government that pushed forward the transformation of policies, as the accumulations of the problem streams made the top leadership aware of the necessity to renew policy agendas. Thus, the political streams were the leading factor that drove policy changes. This serves as the prerequisite for the involvement (actively or passively) of policy subjects, which significantly affected the establishment of policies and strategies and has become the main source of policy streams. Under this context, PPAA in China has successfully undergone the legal process of “policy window-decision making agenda-policy implementation.” In this sense, the three streams in this process are not mutually independent as the MSF suggested, but rather jelled into a “community” under China’s unique political system. The dynamic interactions of the three streams jointly enabled the opening of the “policy window.” As the core of the political streams, the governing party of China assumed the most salient role in integrating the three streams and the subsequent appearance of the “policy window.” Consequently, the key to policy development in China lies in if the governing party could identify the issue and adopt proper measures. It is thus necessary to engage the governing party to actively identify and analyze fitness and health issues of adolescents and closely follow the effects of existing policies and feedbacks including impediments to policy implementations and unexpected results. Meanwhile, public opinions should not be neglected and proper handling between the mismatch between emphasis on academic performance in an exam-oriented education and disregard of PPAA is crucial for the policies to achieve continued benefits. The implementation of the policies could receive great support from national citizens when the general public realize the importance of policy reforms and understand the intention that lies within, and it is believed that this could become potential spots for future researches.

Aside from this, under China’s political system, policy entrepreneurs often possess multi-facet identities. They could either be scholars, entrepreneurs, university presidents, or even star athletes (such as Yao Ming), and representatives of the NPC or CPPCC at the same time, who hold the power of policy proposals. They are keen at spotting issues and could participate in the development process of the policy before the political and policy streams took shape. This diversified identity affected the mutual-independence of the three streams and played an important role in converging the said streams and softening the decision-making level, which should be considered in future studies that analyzing China’s policy agendas under the MSF.

With regard to the youth sports health promotion policy, Korea has reoriented its youth sports policy to take into account the mental, physical and social health of youth, the development of professionalism of physical education educators, and the planning and implementation of the policy (78). Japan’s youth physical fitness promotion policy has well-established implementation rules and monitoring and evaluation mechanisms, and laws related to diet and health for youth have been enacted through the collaboration of various ministries (79). Russia has developed a State policy based on the basic principles, principles and operational rules of sport for the physical, mental and spiritual wellbeing of the population, while at the same time gaining a deep understanding of the importance of sport for health at all stages of development, taking into account the views of all sectors of society, and enhancing the relevance and democratic character of the policy (80). Based on the policy experiences of these countries, Chinese policy recommendations are proposed. (1) Problem-oriented, focusing on real problems to be solved. Focusing on the current health challenges faced by the youth population, such as the frequent occurrence of mental health problems, the lack of sufficient physical activities and other real problems, ensure that policy formulation is closely aligned with the urgent needs of youth development, strengthen the status of physical education in school education, increase the proportion of physical education courses and help promote the integration of sports and education. (2) Take a political direction to optimize adolescent health issues. Grasp a firm political direction and ensure that adolescent health policies resonate with national strategies by optimizing the policy environment and strengthening cross-sectoral collaboration, with a view to promoting the all-round physical and mental development of adolescents; through Xinhua News Agency, People’s Daily and other media, national sentiment and social opinion are guided, correct policy perceptions are established, and a favorable social atmosphere is created in support of youth sports and health policies. (3) Improve the quality of policy recommendations and develop a healthy interaction between adolescent health policies. To build an open and inclusive policy formulation mechanism, encouraging the participation of experts, scholars, youth representatives and a wide range of social sectors. Through scientific research and empirical studies, it provides a solid basis for policy formulation, forming a virtuous interactive cycle of policy formulation, implementation and evaluation to ensure that adolescent health policies can be implemented accurately and effectively, and escort the healthy growth of adolescents. In addition, healthy dietary choices, extensive sports participation, and health education about physical activity in the school environment are also important factors influencing the physical fitness of adolescents, such as the United States Partnership for Healthy Schools program, which incorporates aspects of nutrition, physical education, and education (81). Therefore, it is necessary to consider comprehensively promoting a healthy diet culture in the campus environment, deepening the integration of physical education with education, nutrition and other multidimensional aspects, enhancing the community’s understanding of the importance of health education for young people’s physical activity and making timely and appropriate policy adjustments, thereby promoting young people’s health.

In conclusion, this study not only examines the applicability of the revised MSF on the transformations of PPAA in China by including country-specific political characteristics (in this case China and the CPC), but also reviews key elements and events that affected policy changes. It is thus hoped that the result could serve as a future reference for us to anticipate the opening of the “policy window” and seize brief opportunities to present policy agendas to the decision makers. Certainly, this study has some limitations. For example, most of the second-hand data of the research come from open data on official websites, and the efficacy and reliability of which might be contested as the statistical data released by the Chinese government are sometimes considered inaccurate (23). Thus, the dataset could be enriched by incorporating interviews from experts and scholars from relevant fields. However, the extended time-span included in this study (from the founding of the PRC to present day China) may have rendered this approach impossible. Nevertheless, the following questions remained to be answered. What are the key elements attributed to the underdevelopment status of China’s efforts for PPAA? How could policy agendas be expedited through modifying identified elements in policy transformations? These questions may benefit future research in this domain.
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Background: Dry January is a one-month alcohol abstinence challenge for the general population running since 2013 in the United Kingdom, and 2020 in France. Dry January has gained increasing popularity among the public, but studies assessing the individual characteristics associated with awareness and participation remain sparse.
Methods: Using quota sampling, a representative sample of 5,000 French adults completed an online cross-sectional survey between 8 and 17th January 2024. Chi-square tests and binary logistic regressions were used to explore demographic and alcohol-related characteristics associated with awareness of the Dry January campaign as well as participation.
Results: Among 4,075 past-year alcohol users, 2,468 (61%) were aware of the “Dry January” campaign, of whom 497 (20%) were participants (12% of all alcohol users). Extrapolated to the entire adult French population, this corresponds to an estimated 4.5 million people participating in the Dry January 2024. Awareness was comparable between genders and across age groups, but was greater among individuals with higher occupational status, and lower among those living in Eastern regions of France. Individuals aware of the campaign were more likely to self-evaluate their drinking as “at risk” and to report high-risk consumption. Participation rates did not differ by gender, occupational status, or region but decreased with age. Compared to non-participants, Dry January participants were more likely to self-identify their drinking as at-risk, to be concerned about health-related effects of alcohol, to be concerned about their control (or lack thereof) over drinking, and to report hazardous use or possible alcohol use disorder. However, no evidence was found for an association between high-risk consumption based on AUDIT-C and participation. Among participants, aiming for reduction (vs. abstinence) and official registration (vs. unofficial participation), were associated with worsened alcohol-related measures.
Conclusion: This study indicates a stable level of awareness, but encouraging participation in Dry January in France. The results also confirm that temporary alcohol abstinence campaigns primarily attract high-risk drinkers and individuals reporting harmful consequences related to alcohol.

Keywords
 Dry January; alcohol; temporary abstinence campaign; prevalence; participation


1 Introduction

Alcohol consumption is a leading risk factor for premature mortality, morbidity and social harm (1), and a growing body of evidence indicates that there is no safe level of alcohol consumption (2, 3). However, alcohol consumption remains ingrained in the cultural habits of many countries, particularly within Europe, the Americas, and the Western Pacific Region (1). In France, a national survey conducted in 2021 indicated that 85% of adult population had consumed alcohol in the past year, with 39 and 8% reporting weekly and daily consumption, respectively (4). Moreover, 54% indicated that they had consumed alcohol in the past week, and 22% exceeded low-risk drinking guidelines (5). These findings call for continued efforts to reduce alcohol consumption within the general population.

In this context, temporary alcohol abstinence campaigns (TAACs), which challenge the general population to abstain from alcohol during a fixed period (typically 1 month), might represent promising and cost-effective initiatives to promote behavioral changes and improve general health. In addition to the potential benefits for health and well-being, TAACs provide an opportunity for alcohol users to question their relationship with alcohol, as well as the social and cultural norms associated with drinking. As they do not necessarily promote long-term abstinence, TAACs could be conceptualized as harm reduction programs applied to the general population (6). Importantly, TAACs have spread over the years, with campaigns now established in many countries, including the United Kingdom (UK) (7), France (8), Switzerland (9), Iceland (10), the Netherlands (11), the United States (12), Belgium (13), Canada (14), Hungary (15) or Australia (16).

Prospective studies have shown that TAAC participation is associated with global benefits lasting up to 6–8 months, including less frequent drinking, lower volumes of alcohol consumption, increased confidence in resisting alcohol (but see (17)), a decrease in Alcohol Use Disorders Identification Test (AUDIT) scores, reduced automaticity and craving, and improvements in mental and physical health (6, 17–22). However, one study reported that increased participation in Dry January—a TAAC launched in UK in 2013 by Alcohol Change UK (formerly Alcohol Concern)—, was not associated with significant declines in alcohol consumption at the population level in England (23). In contrast, a recent study conducted in Thailand on the TAAC Buddhist Lent period (3 months) showed a decrease in per capita alcohol consumption before and after the campaign (24). Regarding participants’ profile, research has indicated that women and individuals with a higher socio-economic status are more likely to take part in TAACs (6, 25). Compared to non-participating drinkers, TAAC participants were also found to be more likely to classify themselves as heavier drinkers, to be concerned about the health consequences of drinking and their control (or lack thereof) over drinking, and to be higher risk drinkers (6). However, these observations are primarily drawn from cohort studies, where TAAC participants were mostly “registrants,” i.e., people who sign up to participate “officially” and to receive supportive emails and tips. It has been suggested that registrants are the most concerned about their drinking and/or are already in the “planning” or “action” phases of behavior change (20, 26, 27).

Although anecdotal evidence, gray literature and media coverage suggest a growing enthusiasm for TAACs, scientific literature exploring awareness and participation among the general population remains sparse (6). This is crucial for optimizing communication strategies and ensuring continued success of such campaigns. As part of a research project called JANOVER, which aims to provide insights into participation in Dry January in France (“le Défi de Janvier”), this online cross-sectional study aimed to estimate the prevalence of awareness and participation, as well as their associated demographic and drinking characteristics. We also assessed the registration status among Dry January participants and their goals, i.e., abstinence or reduction—two important but overlooked outcomes so far.



2 Materials and methods


2.1 Design

An online cross-sectional survey was conducted between 8th and 17th January 2024. The study sample was recruited from an online panel managed by the French market survey company, Selvitys®. The panel consisted of contact details for members of the public, aged 18 years and older, living in France, who had expressed an interest in participating in research surveys. Quota sampling was used based on age, gender, occupational status, and region of residence to ensure that the sample was broadly representative of the French general population. The protocol was reviewed and approved by the ethics committee of Le Vinatier Hospital (CEREVI/2023/012).



2.2 Measures

Demographics included gender, age, region, and occupational status, as defined by the National Institute of Statistics and Economic Studies (NI-SES). Since previous studies suggested that individuals with a high socioeconomic status were more likely to take part in TAACs (6, 25), the NI-SES classification was recoded into a dichotomous variable indicating whether respondents had a high occupational status (e.g., executive and higher intellectual profession).

Alcohol use was assessed using the 10-item Alcohol Use Disorders Identification Test (AUDIT (28)) with total scores ranging from 0 to 40, categorized as low risk (<8), hazardous use (8 to 15) and harmful use or possible dependence (>15) (29).

Alcohol misuse (or high-risk drinking) was further defined as scoring ≥5 on the AUDIT-Consumption subscale (AUDIT-C; items 1–3 of the AUDIT) (30). This cut-off was considered appropriate for this study, as it identified 23% high-risk drinkers (928/4,075), corresponding to the proportion of adults exceeding low-risk drinking guidelines in previous national studies (5).

Although self-reported (which is not standard practice), Alcohol Use Disorder (AUD) was investigated using the 11 criteria from the Diagnostic and Statistical Manual of Mental Disorders 5th edition (DSM-5) for substance use disorder (31), categorized as none (<2 criteria), mild (2 or 3 criteria), moderate (4 or 5 criteria), or severe (≥6 criteria).

Respondents also indicated their level of concern about the effect of their drinking on their health and about their control, or lack thereof, over their drinking, using 10-point scales (anchored by “not at all” and “extremely”) (21). The scores were recoded into a dichotomous variable indicating low (from 1 to 5) or high (≥6) concern.

At-risk drinking recognition was evaluated by asking respondents whether they felt “like they were drinking more than they should” (32).

Finally, respondents were asked whether they were aware of the campaign called “Dry January.” Those who responded positively were asked whether they were currently participating. Participants in Dry January were asked about their goal (i.e., abstinence or reduction) and whether they had registered for “official” participation.



2.3 Data analysis

Descriptive statistics are presented as the number and percentage (n, %). We compared demographic and alcohol-related characteristics across the following groups: (i) individuals who were aware of Dry January vs. those who were not, (ii) participants in Dry January vs. non-participants, (iii) participants who aimed for reduction vs. those who aimed for abstinence, and (iv) participants who registered vs. those who did not. Comparisons were performed using the Chi-squared test or Fisher’s exact test. Logistic regressions were used to further analyze the associations between demographic and alcohol measures, and the four binary outcomes: awareness of the campaign (0 = no, 1 = yes), participation (0 = no, 1 = yes), registration (0 = no, 1 = yes), and goal (0 = abstinence, 1 = reduction). Awareness and participation were considered primary outcomes, while registration and goal were considered secondary outcomes. To avoid multicollinearity, alcohol-related measures were analyzed individually while controlling for demographic factors. Results are reported as adjusted odds ratio (aOR) and 95% confidence intervals (95% CI). All statistical analyses were performed using the JASP software,1 the level of significance set at 0.05.




3 Results


3.1 Prevalence of awareness and participation in Dry January 2024

Of the 5,000 respondents, 4,075 (82%) had consumed alcohol in the past year. Among them, 2,468 (61%) were aware of the Dry January campaign, with 497 indicating they were currently participating in the challenge, representing 12% of past-year alcohol users and 20% of those aware of the campaign.



3.2 Profile of drinkers aware of Dry January

Results are reported in Table 1 (demographics), Table 2 (drinking characteristics) and Table 3 (aOR and 95% CI). Figure 1 also reports aOR and 95% CI. Among past-year drinkers, awareness was comparable between men and women (61% vs. 60% respectively) and across age groups (61% among 18–34-year-olds, 62% in 35–54-year-olds, and 59% among people aged 55+). However, individuals with higher occupational status were more likely to be aware of the campaign (77% vs. 58%, aOR = 2.32). Awareness also differed across regions, ranging from 58% in South and North East to 65% in Ile-de-France (i.e., the Paris region). Logistic regression confirmed that living in Eastern regions was significantly associated with a lower likelihood of being aware of Dry January compared to the Paris region (aORs = 0.81 and 0.79).



TABLE 1 Awareness, participation, a goal of reduction (rather than abstinence), and registration, by demographics.
[image: Table summarizing statistics of past-year drinkers and awareness of a campaign. It categorizes data by gender, age, occupational status, and region, displaying chi-square values and p-values for statistical significance. Highlights include higher awareness among those with high occupational status and significant regional differences. Key statistical significance is observed in occupational status and region categories, indicated in bold.]



TABLE 2 Drinking characteristics according to awareness and participation.
[image: Table comparing at-risk drinking recognition, health concerns, control concerns, AUDIT scores, and higher risk scores among different groups of past-year drinkers and campaign participants. Bold values indicate statistical significance. Notable findings include higher at-risk recognition and concern about health among campaign participants, with significant differences highlighted.]



TABLE 3 Associations between demographic and alcohol measures, and awareness and participation.
[image: A table displaying odds ratios (OR), confidence intervals (CI), and p-values for factors affecting awareness and participation in certain behaviors related to demographics and health concerns. Key significant findings with bolded values include high occupational status, at-risk drinking recognition, and higher risk AUDIT-C as variables impacting awareness or participation. Adjustments are made for demographic factors, and notes clarify the references and adjustments used.]

[image: Forest plot showing the adjusted odds ratios (aOR) with 95% confidence intervals for various factors influencing the awareness of Dry January. Factors include demographics, geographic regions, and alcohol-related behaviors. Some dots are shown in blue, indicating significance, positioned to the right of the vertical line at one, suggesting increased awareness.]

FIGURE 1
 Associations between demographics and alcohol measures, and awareness of Dry January. Forest plot shows adjusted OR (circles) and 95% CI (bars); adjusted for demographics. Blue circles: significant estimates (p < 0.05).


Regarding alcohol-related measures, individuals who were aware of the campaign (compared to those who were not) were more likely to self-evaluate their drinking as “at-risk” (20% vs. 13%, aOR = 1.65) and to report high-risk consumption based on AUDIT-C (25% vs. 19%, aOR = 1.37). There was no evidence for significant associations between awareness and drinking-related concerns, AUDIT severity or AUD criteria (Supplementary Table S1). Drinking-related concerns, AUDIT scores, and AUDIT-C scores were further described and analyzed as continuous variables, with higher scores observed among individuals aware of the campaign, although effect sizes were small (Supplementary Table S2).



3.3 Profile of participants in Dry January

Results are reported in Table 1 (demographics), Table 2 (drinking characteristics), and Table 3 (aOR and 95% CI). Figure 2 also reports aOR and 95% CI. Among past-year drinkers who were aware of the Dry January campaign, participation rates did not differ by gender (19% in men vs. 21% in women), occupational category (22% vs. 20%), or region (ranging from 17% in South East to 23% in North East). However, there was evidence for differing participation rates across age groups, with lower participation as age increased (29% among 18–34-year-olds, 20% in 35–54-year-olds, and 15% among those aged 55+). Compared to the 35–54-year-old group, being 18–34 was associated with a higher likelihood of taking part in Dry January (aOR = 1.65), while being 55+ was associated with lower odds of participation (aOR = 0.69).

[image: Forest plot showing the adjusted odds ratio (aOR) for factors associated with participation in Dry January. Circles represent different demographic and behavior factors, with horizontal lines indicating the 95% confidence interval. Factors include gender, age, occupation, geographic region, and drinking habits. Some factors, like 55+ years old and AUDIT hazardous use, show a higher aOR, indicated by being right of the dashed line at 1. The plot highlights which groups are more likely to participate.]

FIGURE 2
 Associations between demographics and alcohol measures, and participation in Dry January. Forest plot shows adjusted OR (circles) and 95% CI (bars); adjusted for demographics. Blue circles: significant estimates (p < 0.05).


Regarding drinking profiles, participants in Dry January (compared to non-participants) were more likely to self-identify their drinking as “at-risk” (32% vs. 17%, aOR = 2.09), to be concerned about the health-related effects of alcohol (41% vs. 29%, aOR = 1.63), to be concerned about their control (or lack thereof) over drinking (28% vs. 15%, aOR = 1.84), and to report hazardous use (22% vs. 18%, aOR = 1.39) or harmful use/possible dependence (19% vs. 7%, aOR = 3.17). Accordingly, they were also more likely to meet AUD criteria (Supplementary Table S1). However, there was no evidence for an association between high-risk consumption, as per AUDIT-C, and participation (24% in participants vs. 25% in non-participants). Drinking-related concerns, AUDIT scores, and AUDIT-C scores were further described and analyzed as continuous variables. Drinking-related concerns and AUDIT scores were higher among participants in Dry January. However, they had lower AUDIT-C scores, although the difference was small (Supplementary Table S3). A closer inspection of AUDIT-C data showed that, while participants in Dry January reported drinking less frequently than non-participants (item 1), they were more likely to consume larger amount (item 2) and to report a higher frequency of heavy episodic drinking (HED; item 3). However, these latter outcomes were no longer significant after controlling for demographic factors (see Supplementary Table S4).


3.3.1 Profile of participants in Dry January, according to their initial goal (reduction vs. abstinence)

Results are reported in Table 1 (demographics), Table 4 (drinking characteristics) and Table 5 (aOR and 95% CI). Among participants in Dry January, 95 (19%) indicated they were aiming for reduction rather than abstinence. The proportion of participants aiming for reduction did not differ significantly by gender (21% in men vs. 17% in women), age group (22% among 18–34-year-olds, 18% among 35–54-year-olds, and 17% among people aged 55+), occupational status (25% vs. 18%) or region (ranging from 17 to 20%).



TABLE 4 Drinking characteristics according to Dry January goal and registration status.
[image: A table comparing statistical data among participants, registrants, non-registrants, and those focused on abstinence or reduction concerning at-risk drinking, health concerns, AUDIT scores, higher risk on AUDIT-C, registration, and reduction goals. Significant chi-squared values are highlighted in bold, indicating statistical significance. Percentages and sample sizes are shown for each category within the groups.]



TABLE 5 Associations between demographic and alcohol measures, and a goal of reduction and registration.
[image: A table compares factors for "Reduction" and "Registration" in alcohol-related studies, showing odds ratios (OR), confidence intervals (CI), and p-values. Variables include gender, age, occupational status, region, and AUDIT-C scores. Significant factors (bolded) include "At-risk drinking recognition", "High concern about control", and "Hazardous use". Adjustments are noted for demographics and the Ile-de-France region.]

In contrast to demographics, there was evidence for differences in drinking characteristics according to the Dry January goal. Participants aiming for reduction (compared to those aiming for abstinence) were more likely to recognize their drinking as at-risk (58% vs. 26%, aOR = 3.96), to be concerned about lack of control over their drinking (42% vs. 24%, aOR = 2.13), to report AUDIT-C-based alcohol misuse (40% vs. 20%, aOR = 2.56), to report hazardous use (34% vs. 19%, aOR = 4.00) and harmful use/possible dependence (35% vs. 16%, aOR = 5.26).They were also more likely to meet AUD criteria (Supplementary Table S5). Drinking-related concerns, AUDIT scores, and AUDIT-C scores were further described and analyzed as continuous variables, showing higher scores among participants aiming for reduction compared to those aiming for abstinence (Supplementary Table S6). Additionally, participants aiming for reduction were more likely to be registrants (32% vs. 18%, aOR = 2.15).



3.3.2 Profile of participants in Dry January, according to their registration status

Results are reported in Table 1 (demographics), Table 4 (drinking characteristics) and Table 5 (aOR and 95% CI). Among the participants in Dry January, 102 (21%) registered to receive emails and supportive messages. Registration rates did not differ by gender (21% of men vs. 20% of women) or occupational status (18% vs. 21%). However, the proportion of participants who registered decreased with age (30% among 18–34-year-olds, 18% in 35–54-year-olds, and 13% among people aged 55+) and varied significantly across regions (from 13% in North West to 33% in the Parisian region). Logistic regression analysis showed that, except for the South East, participants from all other regions were less likely to register compared to those living in the Parisian region.

Registrants exhibited a different drinking profile than non-registrants. Registrants were more likely to recognize their drinking as at-risk (71% vs. 22%, aOR = 8.74), to be concerned about health effects of alcohol (53% vs. 37%, aOR = 1.69), to be concerned about control over their drinking (58% vs. 20%, aOR = 5.14), to report AUDIT-C-based alcohol misuse (41% vs. 19%, aOR = 2.65), hazardous use (28% vs. 21%, aOR = 5.73), and harmful use/possible dependence (54% vs. 10%, aOR = 21.0). Additionally, registrants were more likely to meet AUD criteria (Supplementary Table S5). Drinking-related concerns, AUDIT scores, and AUDIT-C scores were further described and analyzed as continuous variables, with higher scores observed among registrants compared to non-registrants (Supplementary Table S7).





4 Discussion

Among alcohol users, 61% were aware of the “Dry January” campaign, with higher awareness among those with high occupational status, and lower awareness in Eastern regions. Those aware of the campaign were more likely to assess their drinking as “at risk” and report high-risk consumption. Of the alcohol users aware of the campaign, 20% were participants (12% of all users). Participation decreased with age. Compared to non-participants, Dry January participants were more likely to self-identify as at-risk drinkers, express concerns about alcohol’s health effects and control over drinking, and report hazardous use and alcohol-related harms. Among participants, aiming for reduction (rather than abstinence) and campaign registration were associated with worsened alcohol-related outcomes.


4.1 Awareness of the campaign

Four years after the first Dry January campaign in France (“le Défi de Janvier”), 61% of past-year alcohol users were aware of the initiative, a similar proportion to that observed during the first campaign. In fact, a recent report from Santé Publique France indicated that in 2020 (the first campaign) and 2021, 63 and 53% of adults (aged 18–75) respectively, had heard of a “campaign promoting abstaining from alcohol in January” (without explicitly using the term “Dry January”) (33). According to the authors, the sharp decline in 2021 was likely due to greater press and media coverage during the first edition, along with the 2021 campaign occurring during the COVID-19 pandemic, which may have limited its visibility. Similar surveys of population-representative samples of drinkers in England showed that 64 and 78% were aware of the campaign in 2015 and 2016, respectively (i.e., 2 and 3 years after the first campaign) (19). Notably, in 2015, Public Health England supported the promotion of Dry January, leading to substantial investment in radio, press, and social media advertising. In contrast, Dry January in France, has been primarily promoted by health charities and has not received government support. The French government’s withdrawal from the initial launch deprived the campaign of necessary funding for advertising, including a dedicated website and a smartphone application that contribute to social contagion and diffusion, which have been shown as crucial for improving awareness and participation in the campaign (19). Despite this, our results indicate that Dry January is still relatively well-recognized by the French adult population. However, the findings also highlight the need for enhanced mass communication strategies to maximize the campaign’s reach, particularly given the variations in awareness across occupational statuses and regions. We did not initially formulate specific hypotheses regarding the demographic factors influencing awareness of Dry January, primarily due to a lack of published research on the topic. However, the recent report from Santé Publique France, based on 2021 data, offers valuable insights (33). The report indicated that younger individuals were less likely to be aware of Dry January, while higher socio-economic status—as measured by education level and income—was linked to greater awareness. These latter findings are consistent with our results, where higher occupational status was similarly associated with a higher likelihood of awareness. Better access to information, a stronger focus on health-related behaviors, and social networks that promote health trends may explain why awareness of Dry January is more prevalent among these individuals. However, we did not find a significant association between age and awareness. This discrepancy might suggest that awareness of the campaign has expanded over time, with younger individuals now more familiar with it than they were during the initial campaigns. Regarding regional differences, one possible explanation could be varying levels of media coverage, and local health promotion efforts across regions. Additionally, given the documented regional disparities in alcohol consumption patterns across France (5), regional cultural norms surrounding alcohol consumption may influence the visibility and relevance of Dry January in different areas.



4.2 Participation in the campaign

Among past-year drinkers aware of the campaign, 20% reported participating (12% of all drinkers), a distinct increase compared to 2020 and 2021, where 8 and 9% of past-year alcohol drinkers who were aware of the campaign reported a change in their drinking in relation to the initiative (4.5% of all past-year drinkers in both 2020 and 2021) (33). These findings are encouraging and align with studies conducted in England that show a steady increase in Dry January participation over the years (19, 23, 30). Similarly, a market research poll reported that 25% of 1,506 U.S. adults participated in Dry January 2024 (34), compared to 16% in 2023 (35). In the 2024 survey, 35% of those aged 21–24 and 31% of those aged 25–34 participated in the campaign. In contrast, a recent study of U.S. emerging adults (aged 18–29) found that, in 2021–2022, only 7% had participated in a TAAC in the past year (36).



4.3 Profile of participants

Participation in Dry January was comparable across gender and occupational status, but decreased with age. While this contrasts with international cohort studies suggesting that women and individuals with higher socio-economic status are more likely to participate in TAACs (6, 25), our findings align with surveys conducted on population-representative samples (30, 33). This suggests that the over-representation of these demographic categories in cohort studies may be due to their higher likelihood of participating in mail or web surveys (37, 38). Our results are, however, consistent with surveys reporting higher participation rates among younger individuals (33, 34). Interestingly, a French qualitative study on TAAC participants found that younger people tend to have a heightened perception of some health risks associated with alcohol consumption (39). In the same study, younger individuals were more likely to report that heavy episodic drinking and its negative consequences (e.g., vomiting, blackout, and degraded self-image) were difficult to tolerate, leading them to question their relationship with alcohol and its effects.

Consistent with previous findings (6, 36), this study shows that Dry January participants were more likely to self-identify their drinking as “at-risk,” express concerns about health-related effects of alcohol and control over their drinking, and report hazardous use or harmful use/possible dependence. Accordingly, participants were also more likely to endorse DSM-5 AUD criteria. However, caution is needed when interpreting these results clinically due to the self-reported nature of the study. Interestingly, we found no evidence for an association between participation and high-risk consumption as measured by the AUDIT-C (defined as score ≥ 5). Further analysis revealed that although participants reported drinking less frequently than non-participants, they were more likely to consume larger amounts of alcohol and report higher frequency of HED. However, these latter outcomes were no longer significant after controlling for demographic factors. Taken together, these findings underscore the importance of distinguishing between the frequency of alcohol consumption and the experience of negative consequences or harms associated with drinking, as well as the feeling of losing control over alcohol use. One possible hypothesis is that participants are already engaged in behavioral changes regarding their alcohol use, specifically by drinking less frequently while still engaging in HED. This is compatible with our data showing that Dry January participants had higher rates of at-risk drinking recognition and reported more negative consequences or harmful effects related to alcohol consumption, as reflected by (total) AUDIT scores and DSM-5 criteria endorsement.

Overall, these findings confirm that TAACs such as Dry January may primarily attract individuals who are at higher risk of alcohol-related harm. They may recognize the negative impact alcohol has on their health and well-being, leading them to seek ways to regain control over their drinking habits. It is worth noting that our results differ from de Visser and Piper (2020) who reported that Dry January participants had higher AUDIT-C scores than non-participants (21). However, in their study, 85% of Dry January participants were registrants, compared to 21% in the current study. Our results indicate that all drinking measures were higher (or worsened) among registrants compared to non-registrants. This suggests that registrants may not be representative of the broader TAAC participant population and likely constitute a subgroup at higher risk of harmful consumption, or at least perceive themselves as such, thus being more inclined to seek support. Consistently, registrants were more likely to aim for reduction rather than abstinence. While TAACs typically encourage drinkers to abstain from alcohol for a set period, anecdotal evidence suggests that some individuals participate with the goal of reducing their alcohol intake rather than abstaining completely. Recently, Thienpondt et al. (2024) reported that 91% of participants in the Tournée Minérale campaign—a TAAC launched in Belgium in 2017—aimed to totally abstain from alcohol, while 9% aimed to reduce their alcohol consumption (25). Similarly, in our study, most Dry January participants aimed for abstinence (81%) while 19% aimed to reduce their drinking (we are not aware of other published studies assessing this outcome). Although no demographic factors were significantly associated with this outcome, participants aiming for reduction were more likely to report high-risk consumption, alcohol-related harms and concerns. In this context, reducing alcohol consumption may be seen as a more achievable goal than full abstinence. These findings highlight the need for future studies to assess and account for the initial goals of TAAC participants.



4.4 Alcohol consumption in France

In this sample of 5,000 respondents, 82% were past-year alcohol users, a slightly lower prevalence than those from the Health Barometer surveys of 2017 and 2021, which found 86.5 and 85% of past-year drinkers in representative samples of the adult population, respectively (4). In this study, 18% reported hazardous use (AUDIT scores from 8 to 15), and 9% reported harmful use or possible dependence (AUDIT score > 15). To further compare our data with the most recent national survey, supplementary descriptive analyses showed that 10% of past-year drinkers reported consuming alcohol “4 times or more per week” (AUDIT item 1), while 12 and 4% indicated monthly and weekly HED, respectively (i.e., ≥ 6 standard alcoholic drinks in one occasion, AUDIT item 3; see Supplementary Table S8). Overall, these results are consistent with the 2021 survey, which reported 8% of daily alcohol consumption and 16.5 and 5% of monthly and weekly HED, respectively (4). However, prevalence rates of AUD, based on DSM-5 criteria, were notably high in our sample: 18% (mild), 7% (moderate), and 11% (severe). These findings raise questions about the validity of using self-reported DSM diagnostic criteria in epidemiological studies (40–42). Investigating the validity of self-reported DSM-5 severity levels for AUD in relation to the AUDIT is beyond the scope of this study and will be the subject of future analysis.



4.5 Limitations

This study has several limitations. First, the data were self-reported, and responses may be subject to recall bias such as inaccuracies in remembering alcohol consumption. Second, the recruitment method may have introduced selection bias, as the sample was drawn from a panel of individuals who had expressed interest in participating in research surveys, which may not be representative of the wider population, including vulnerable groups. Third, the cross-sectional nature of the study prevents us from making causal inferences about the observed associations. Fourth, the study was conducted from 8th to 17th of January, and it is possible that some individuals who consumed alcohol early in the month no longer considered themselves as “participants” in Dry January. Fifth, the demographic variables were somewhat limited and did not include factors such as marital status or education. Additionally, contextual information, such as prior participation or motivations for participating, were not investigated. Finally, the question evaluating awareness referred specifically to the name “Dry January” without explaining the concept as “an alcohol-free month.” Awareness rates may therefore be underestimated, as some people might have recognized the concept more readily than the name. However, it is unlikely that individuals participating in the campaign would be unfamiliar with its name.




5 Conclusion

This study demonstrated that a significant proportion (61%) of alcohol users in France are aware of the Dry January campaign. Participation in Dry January was encouraging with 12% of alcohol users taking part, representing a distinct increase from the first campaigns. Importantly, this study confirmed that participants were more likely to report hazardous use, negative consequences associated with their alcohol consumption, and concerns about their drinking, especially among those who registered to receive supportive messages and tips. In other words, Dry January appears to fulfill one of its key objectives by attracting individuals at higher risk of alcohol-related harms, i.e., those who are most likely to benefit from such a campaign. As part of the JANOVER research project, an ongoing prospective cohort study will provide valuable insights into the benefits associated with TAAC in France.
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Background: Although proper latrine utilization is one of the best ways to reduce the risk of infection, it remains a challenge in the majority of rural communities in developing countries such as Ethiopia. Studies have demonstrated the link between individual behavior and latrine use, but there is a paucity of evidence on individual risk perception, perceived social pressure norms, social identity, and perceived ability, which plays an indubitable role in health and behavior change, especially in rural communities.
Objective: This study aimed to identify contextual and psychosocial factors associated with latrine utilization among rural communities in Lomabosa district, Ethiopia.
Methods: A rural community-based cross-sectional study was conducted in June 2022 among rural households (HHs) in Lomabosa district, Ethiopia. A systematic random sampling method was used to select participant households. Data were collected using a pretested structured questionnaire via face-to-face interviews and on-the-spot observations. Stata version 14.1 software was used for statistical analysis. A binary logistic regression model was used to run the bivariable and multivariable analysis of the data. Variables with p < 0.25 at bivariable logistic regression analysis were entered into the multivariable analysis. The adjusted odds ratio (AOR) with a 95% confidence interval (CI) was used to show the strength of the association, and the statistical significance was declared at p < 0.05.
Results: Of the 682 computed sample sizes, 665 households participated in this study with a response rate of 97%. Accordingly, our analysis found that 67% (95% CI, 63.7–70.5) of households utilize their latrine properly. Educational status (AOR = 2.01; 95% CI: 1.01–2.08), wealth index (AOR = 2.3; 95% CI: 1.23–3.58), perceived susceptibility (AOR 3.2; 95% CI: 1.26–5.14), injunctive norm (AOR 1.9; 95% CI: 1.13–3.18), and perceived ability (AOR 1.9; 95% CI: 1.04–3.79) were identified as contextual and psychosocial factors associated with latrine utilization.
Conclusion and recommendations: This study found that educational status, wealth index, perceived susceptibility, injunctive norm, and perceived ability were the contextual and psychosocial factors associated with latrine utilization. Therefore, information intervention for the low perception of health risk, persuasive and normative interventions for changing norm factors, and infrastructural and other ability support for ability factors should be addressed.
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Introduction

Latrine is a tool for disposing of human excreta safely to ensure a clean and healthy living environment and to prevent communicable diseases caused by excreta. In addition, it “is the lowest cost option to provide privacy and dignity” (1, 2).

Billions of people worldwide lack access to properly managed sanitation facilities. According to the WHO Joint Monitoring Program (JMP) Report in 2020, 494 million people practice open defecation in fields, waterways, and open trenches, without proper waste disposal. The majority of these individuals are from sub-Saharan Africa (18%) and Central and Southern Asia (12%) (3).

In the African context, an open defecation reduction performance report indicated that open defecation has increased rather than decreased. This is because sanitation activities are unable to keep pace with the population growth rate, and some open-defecation-free communities slipped back to open defecation. This makes it challenging to achieve sustainable development goals (SDG), particularly Goal 6 targeted to “end open defecation” by 2030. As a result, in Africa, it is estimated that 1.8 million people die annually due to diarrheal disease, and more than 80% of them are children under the age of 5 years. Therefore, people are at risk of sanitation-related infection, where the majority of people dispose of human excreta in an unsafe way; thus, it needs to be brought to an end (4, 5).

Access to water supply and sanitation in Ethiopia is among the lowest in sub-Saharan Africa. In Ethiopia, only 10% of rural households (HHs) fulfill the requirement for improved latrine facilities, which in turn do not protect against the spread of communicable diseases. Approximately 80% of the disease burden in Ethiopia is related to poor sanitation and hygiene (6). In Ethiopia, a National Strategy for Improved Hygiene and Sanitation has been developed, emphasizing that “on-site” hygiene and sanitation should be managed at the household level with direct support from health extension workers and community-level resources. The focus is on “using local resources more effectively” to increase access to and use of latrines while also encouraging attitudinal changes that lead to improved sanitation and hygiene practices. Understanding the technical options that people want, can afford, and are willing to use was a central pillar of the strategy (7, 8).

To address this, Ethiopia’s Ministry of Health, along with various non-governmental organizations (NGOs), is working together to ensure 100% sanitation coverage through different interventional approaches, such as health extension programs, the Health Development Army, and the Community-Led Total Sanitation and Hygiene (CLTSH). As a result, latrine coverage has shown good progress (73%) (8). Despite this, 27% of households with access to latrines defecated in the open, indicating that access to latrines does not imply latrine use, as many individuals who own latrines do not consistently use them (9). This creates challenges for many districts in Ethiopia, including the Lomabosa district, to achieve the SDG goals on sanitation (9, 10).

Few recent studies in Ethiopia have shown links between contextual factors and psychosocial factors, suggesting that these factors can influence changes in health behavior in practicing sanitation, particularly latrine utilization (11).

Psychosocial factors influence an individual’s psychological and/or social well-being in their social environment. Risk perception (a person’s understanding and awareness of health risk), perceived social pressure norms, social identity, and perceived ability were the psychosocial factors influencing latrine utilization, which plays an indubitable role in health and behavior change (11–13).

Contextual factors are factors related to the individual setting and/or environment that can influence the use of a latrine. These include socioeconomic and demographic characteristics of the household. They may alter the psychosocial factors’ influence on behavior; for instance, a person might be strongly committed to using a latrine, but the commitment may not translate into behavior due to low income. A person with a low income might perceive the materials needed to construct latrines as expensive, while a person with a high income may perceive it as affordable (14).

To address the above factors, several conceptual frameworks have been drawn from various behavioral theories. The risk, attitude, norm, ability, and self-regulation (RANAS) systematic behavioral change approach was one of those approaches to design specific intervention strategies for specific factors: information interventions to address low perceptions of health risk, normative interventions to change social norms, infrastructural and support interventions to improve ability factors, planning and relapse prevention interventions for self-regulation factors—an area that was overlooked in previous studies (14, 15). Therefore, this study aimed to identify the contextual and psychosocial factors associated with latrine utilization among rural communities in the Lomabosa district, Southern Ethiopia. The findings of this study could provide valuable information to local stakeholders, health professionals, and NGOs for designing intervention programs, specifically targeting the psychosocial and contextual factors identified. This, in turn, will add to the existing body of knowledge and play a key role in reducing the spread of communicable diseases.



Materials and methods


Study setting

Lomabosa (also known as Loma) was one of the 77 woredas in the South West Region of Ethiopia. The district is 478 km far from Addis Ababa, the capital city of Ethiopia. According to the 2018 CSA population forecast, the district has a total population of 112,953 of these, 97,345 were rural dwellers. It has 2 urban and 24 rural kebeles (small administrative units). Agriculture is the primary livelihood for more than 85% of the population in these rural areas. According to the Loma District Health Office report in 2022, latrine coverage was 92%. The study was conducted in the Lomabosa district because, despite the reports of high levels of latrine coverage, fecal–oral diseases remain prevalent. Common conditions among adults include typhoid fever, bacillary dysentery, helminthiasis, and giardiasis. Diarrhea continues to be one of the leading causes of morbidity in children under 5 years, and cholera was reported as an outbreak in 2020. These issues are either directly or indirectly related to water and sanitation (16).



Study design and period

For this study, we employed a community-based cross-sectional study design in June 2022, focusing on the rural community in the Lomabosa district.



Population

All rural households in the Lomabosa district were considered as the source population for our study. The study populations were all rural households in randomly selected kebeles of Lomabosa district.



Eligibility criteria

Respondents who were older than 18 years and had lived in the study area for more than six months prior to data collection were included in the study while respondents who were unable to respond due to mental disorders, those who temporary replaced the household for taking care of the household were excluded from the study.



Sample size determination

Epi-info version 7 Info statistical software was used to determine the sample size with the assumption that the proportion of p-value from the previous study was 71% (15), 95% CI, 80% power of the test, design effect of 2, and 10% non-response rate, then 682 households were recruited. The sample size for associated factors was also estimated using the double population proportion formula. Finally, to achieve the overall objectives of this study, the larger sample size, that is, 682 was taken as our final sample size.



Sampling technique

A multistage systematic sampling technique was employed to reach the study participants. From the districts’ first 24 rural kebeles (small administrative units), 6 kebeles were randomly selected by taking the name and list of all kebeles as a sampling frame. After that, the sample size was allocated proportionally to the size of households for each selected kebeles. Then, the interval (Kth) was calculated by dividing the number of households with the sample size allocated for each kebeles (k = 3). After the 𝐾th-value was determined as an interval, the study households were systematically selected after randomly selecting the first household and continued by 𝐾th 𝑎𝑛 interval that was calculated (Figure 1).

[image: Chart showing the sampling process for 24 rural Kebeles of Lomabosa district, using simple random sampling. Kebeles 1 to 6 have total households (HH) ranging from 340 to 485. Proportional allocation results in sampled households: Kebele 1 (112), Kebele 2 (127), Kebele 3 (102), Kebele 4 (93), Kebele 5 (114), and Kebele 6 (134). Systematic sampling yields a total sample of 682 households.]

FIGURE 1
 Sampling procedure among rural communities in Lomabosa district, southern Ethiopia, 2022.




Variables and measurements

The outcome variable for this study was latrine utilization, which has binary outcomes as “Yes (1)” and “No (0).” Latrine utilization was cheeked from observation of latrine use parameter (17, 18).

The wealth index was generated using principal components analysis (PCA) from the household’s ownership of selected assets, such as television, the material used for construction, water access, and sanitation facilities. Finally, we categorized them as rich, medium, and poor (16).

Psychosocial variables were assessed using the RANAS behavioral model with a 5-point Likert scale ranging from “strongly disagree” to “strongly agree” (1–5). Its detail is summarized, and each measurement is described in Table 1. A single Likert scale question that ranges from 1 to 5 was used to assess perceived susceptibility, perceived severity, social dilemma, and social identity. The responses of 1–3 were recorded as low, whereas a response of 4–5 was recorded as high (14). Descriptive norm, injunctive norm. Attitude and perceived ability were assessed using a three-item Likert scale question. The score ranged from 3 to 10 was recorded as low, and a score greater than 10 was recorded as high. All variables were coded so that high values were favorable to the behavior (14, 15, 18).



TABLE 1 Measurements that were used to assess the psychosocial predictor’s latrine use among rural communities in Lomabosa district, Ethiopia, 2022 (n = 665).
[image: Table listing factors related to risk perception with columns for items, responses, and values. Factors include susceptibility severity, attitude, descriptive norm perception, injective norm perception, ability, social identity, and social dilemma. Each factor has associated questions or items, with responses based on a five-point scale ranging from low to high or disagreement to agreement, with values from one to five.]



Data collection procedures

A structured questionnaire and observational checklist were developed after reviewing relevant literature (11, 12, 15, 17, 18). The questions to assess psychosocial variables were adapted from RANAS and from other behavioral studies that applied the same model by which its applicability was confirmed in many previous studies (12–15, 18). Then four data collectors who have a smartphone (Android) were recruited to collect the data through face-to-face interviews with the household head or the housewife using a prepared tool by open data kit (ODK) data collection, and latrine utilization was verified through observation of at least two signs from a sign of latrine use (17, 19). Two supervisors guided the data collectors.



Data quality control

The questionnaire was written in English, then translated into local language and back to English to ensure the translation accurately represented the original meaning. Before data collection, the questionnaire was pretested in a similar setting on 5% of the sample size in nearby non-selected kebele. To check the internal reliability of the Likert scale question, Cronbach’s α was computed and was accepted and cited sequentially (α = 0.82). Two days of training for data collectors and supervisors were given. The precoded skip patterns, data types, ranges, and restrictions in ODK collection greatly helped maintain the data quality and reduce errors throughout the data collection period. Similarly, ODK collection has helped to control the daily data collection process remotely. Incorrectly filled data were identified daily, and the correction was performed by respective data collectors. A close monitoring of the whole data collection process was carried out by the supervisors.



Data processing and analysis

Data was collected using an electronic data collection method via ODK version 2022.3.3 software and stored on the KoBo Collect humanitarian response website. The collected data were downloaded in Microsoft Excel format. Then downloaded data were imported to Statistical Product and Service Solutions (SPSS) version 26.0 software for data cleaning, recoding, and statistical analysis. Descriptive statistics were used to present the data with the frequency, proportion, and median, while texts, tables, and figures.

Using household assets, livestock, and agricultural land ownership, the wealth index of the household was determined using household assets, livestock, and agricultural land ownership (9), and it was generated through PCA; the wealth index places individual households on a continuous scale of relative wealth. Each household asset was assigned a weight or factor score generated through PCA. The resulting asset scores were standardized to a standard normal distribution with a mean of zero and a standard deviation of one. These standardized scores were then used to create the breakpoints that define the wealth index as poor, medium, and rich. Bivariable logistic regressions were performed to see each independent variable’s crude significant relation with latrine utilization. The multivariable logistic analysis model included variables with a p ≤ 0.25 at bivariable logistic analysis. Before the inclusion of factors in the final logistic regression model, multicollinearity was checked among the independent variables by using the variance inflation factor (VIF), and there was no evidence of multicollinearity among the explanatory variables (VIF ≤ 1.54). The model also has a good fit since the Hosmer–Lemeshow test for goodness-of-fit could not reject the hypothesis of the model fitness as p = 0.271. The adjusted odds ratio (AOR) and its 95% confidence interval (CI) were used to measure the strength and significance of the association.




Results


Sociodemographic characteristics of the respondents

In the study, a total of 665 systematically selected households participated, with a response rate of 97.5%. The majority of the respondents, 589 (88.6%), were from male-headed households. Relating to the family size, 387 (58.2%) households had <5 family members. Approximately 419 (63%) of the households have low income. The demographic characteristics of the respondents are summarized in Table 2.



TABLE 2 Socio-demographic characteristics of the respondents among rural communities in Lomabosa, Ethiopia, 2022 (n = 665).
[image: Table displaying demographic characteristics of 665 household heads: 88.6% male, 11.4% female. Age distribution: 18–29 (28.9%), 30–39 (32.9%), 40–49 (24.7%), 50–59 (9.5%), over 60 (4.1%). Marital status: married (90.8%), never married (2.6%), widowed (3.5%), divorced (3.2%). Education: no formal education (75.5%), primary (5%), secondary (1.8%), college and above (17.7%). Occupation: farmers (86.9%), government (4.7%), non-government (4.5%), others (3.9%). Family size: less than 5 members (58.2%), 5 or more (41.8%). Wealth index: poor (63.1%), medium (29.2%), high (7.8%).]



Observation findings

According to our observation, 446/665 (67.1, 95% CI, 63.71, 70.49%) utilize their latrine properly (Figure 2).

[image: Bar chart showing observations related to sanitation. Fresh feces observed: 34% Yes, 56.3% No. Fresh footpath: 50.3% Yes, 49.7% No. Splash of material: 47.3% Yes, 53% No. Anal cleansing material: 45.8% Yes, 54.2% No. Smell: 36% Yes, 64% No. Latrine utilization: 67.1% Yes, 32.9% No.]

FIGURE 2
 Latrine utilization status through observation, Lomabosa district, Ethiopia, 2022 (n = 665).




Psychosocial-related characters of the respondents

According to our findings, approximately 589 out of 665 (88.6%) HHs had High perceived susceptibility toward the chances that they contract the diarrheal disease when defecating in the open field, and also 562 out of 665 (84.5%) HHs had high perceived severity (impact their life if they contract diarrhea). Approximately 458 (69%) HHs were positive toward latrine utilization. Concerning their norms toward latrine utilization, approximately 460 out of 665 (69.2%) HHs had a low perception of how others behave/practice (descriptive norm), and 467 (70.2%) HHs had a low perception of what others expect them to behave/their important referents approved of or disapproved them to use latrines (injective norms) (Table 3).



TABLE 3 Psych-social related characters of the respondents, Lomabosa district, Ethiopia, 2022 (n = 665).
[image: A table presents data on perceptions and behaviors regarding latrine use, categorized under factors such as perceived susceptibility, severity, attitude, norms, ability, social identity, and social dilemma. Responses are rated from one to five, with percentages for each, and categorized as low or high. The table explores community defecation habits, perceived importance, normative beliefs, and social influences on latrine use.]



Contextual and psychosocial factors associated with larine utilization

The results of the logistic regression showing the crude and adjusted effects of sociodemographic factors and psychosocial factors associated with latrine utilization are summarized in Table 4. On multivariable logistic regressions analysis of the final model, the educational status of the head of the HHs (AOR = 2.01; 95% CI: 1.01–2.08) and wealth index (AOR = 2.3; 95% CI: 1.23–3.58) were sociodemographic factors associated with latrine utilization. Among psychosocial factors, perceived susceptibility (AOR 3.2; 95% CI: 1.26–5.14), injunctive norm (AOR 1.9; 95% CI 1.13–3.18), and perceived ability (AOR 1.9; 95% CI 1.04–3.79) were associated with latrine utilization.



TABLE 4 Bi-variable and Multivariable logistic regression of factors associated with latrine utilization among rural communities in Lomabosa district, Ethiopia, 2022 (n = 665).
[image: A table displays variables related to latrine utilization, including categories, crude odds ratio (COR) with confidence intervals, and adjusted odds ratio (AOR) with confidence intervals. Variables include sex of household head, educational status, family size, occupational status, wealth index, perceived susceptibility, perceived severity, attitude, descriptive norm, injective norm, perceived ability, social identity, and social dilemma. Key findings reveal significant associations indicated with bold values and asterisks for variables such as educational status, wealth index, perceived susceptibility, injective norm, and perceived ability, with p values less than 0.05.]




Discussion

This community-based cross-sectional study has attempted to identify the psychosocial predictors of latrine utilization in the rural communities of Loma district, Southwest Ethiopia. According to our observation, 67% of the households utilize their latrine properly. This finding was consistent with the study performed in Gurage Zone, Ethiopia (65.8%), and Sebeta district, Oromia, Ethiopia (68%) (20, 21). However, our findings were lower when compared to studies conducted in Hotesa district, Arsi, Ethiopia (81%); Wondo Genet district, South Ethiopia (83%); East Meskan District, Southern Ethiopia (73.3%); and Nepal (94.3%) (19, 22–24). This difference might be in the study period, and our study was conducted in rural areas. In contrast, some were performed in both rural and urban areas, and it is known that the awareness of latrine utilization among urban residents is better than that of rural residents. On the contrary, it might be due to the difference in implementing the health extension package. Our finding showed that latrine utilization remains far below the WHO and Ethiopian WASH plan (8), which needs urgent attention.

In this study, households headed by individuals who had attended formal education were approximately two times more likely to utilize their latrines than the latrines of their counterparts. The finding of this study is supported by other similar studies conducted in Ethiopia concerning HH latrine utilization and its association with the educational status of household heads; it concluded that the utilization level has a significant association with the educational status of household heads (23, 25, 26) in Ethiopia. This might be because education greatly impacts how people behave when engaging in healthy behaviors. Similarly, as educational status increases, knowledge on disposing of human excreta safely to ensure a clean and healthy living environment and prevent communicable diseases caused by excreta increases. As a result, they utilize their latrine properly to keep their health.

The contextual factors indicated that the model explained for about 48% of the overall variability in the results (p < 0.05). Adding the psychosocial factors to the regression model resulted in a significant 76.2% increase in explained variation in latrine utilization.

In this final model, the wealth index was the only significant contextual factor. We found that respondents from wealthier households in the district were 2.3 more likely to use their latrines. This might result because as a household’s wealth rises, they can afford the material needed to construct the latrine facilities, so the option to utilize them increases. This finding is supported by the Ethiopian Demography and Health Survey 2019, which found that latrine owners consistently mentioned cost as a barrier to building and upgrading facilities (9, 10).

Regarding psychosocial factors, this study found that perceived susceptibility, injunctive norm, and perceived ability were predictors of latrine utilization. Participants who perceived susceptibility to diarrheal disease due to contamination from not utilizing the latrine properly were approximately 3.2 times more likely to utilize their latrine. The odds of larine use among participants who perceived latrine use behaviors are typically approved or disapproved by referents (Injunctive norm) were 2 times higher than their counterparts. In addition, participants who had high confidence in their ability to practice latrine utilization (perceived ability) were approximately two times more likely to utilize their latrines. This showed that the social norm influenced people’s decision to use a latrine. This study is consistent with the study performed at Dirashe and Becho districts (12, 13, 15); Ethiopia showed that perceptions of minimal health threat from not utilizing a latrine and perceived ability to maintain their latrine influenced latrine utilization. This study was also supported by the study performed in Northern Ghana (27) and Zambia, which found that individuals practice open defecation due to societal norms (28). Given this finding, we believe that normative and persuasive intervention is appropriate for the current setting.


Limitations of the study

Although this study provided information about contextual and psychosocial variables affecting latrine utilization, the findings should be interpreted with limitations in mind. First, the study was a cross-sectional study, so causality relationships could not be determined. Second, although we acknowledged the strong relationship between water and sanitation, and households’ health, our research did not discuss this relationship because the whole study was conceptualized on latrine utilization. Third, all psychosocial determinants were self-reported which may be biased in reporting their behaviors.




Conclusion and recommendations

Our results are consistent with behavior change theories and health promotion approaches that stress the importance of contextual and psychosocial factors in enabling or deterring the desired behavior (14, 29, 30). Our results suggest that different factors are associated with households’ latrine utilization. An individual’s decision and action to use a latrine facility is affected by the interplay of psychosocial and contextual factors. According to our findings, educational status, wealth index, perceived susceptibility, injunctive norm, and perceived ability were contextual and psychosocial factors associated with latrine utilization. Therefore, health extension workers, health professionals, district health offices, and local administrators should have undertaken information intervention for the low perception of health risk, persuasive and normative interventions for changing norm factors, and infrastructural and other ability support for ability factors. Messages also need to be integrated within the existing community structures to increase latrine utilization among rural communities. We also recommend future research on contextual and psychosocial factors, particularly qualitative studies, to explore in-depth information to promote behavior change.
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Objective: The aim of this study was to investigate the relationship between physical activity, sedentary behavior and stroke in people aged 60 years and older.
Methods: The study included 3,010 participants aged 60 and older from the National Health and Nutrition Examination Survey (NHANES). Data on sedentary behavior, physical activity and stroke were obtained through questionnaires. Statistical analyses were performed using a complex multistage sampling design and weighted multivariate logistic regression. Smoothed curve fitting and threshold effects analyses were used to explore non-linear relationships between physical activity, sedentary behavior and stroke.
Results: There were 244 (7.53%) participants aged 60 years and older who had experienced a stroke. After adjusting for all covariates, physical activity, sedentary behavior and stroke were significantly associated [OR (95% CI) for physical activity: 0.622 (0.443, 0.875), p = 0.009; OR (95% CI) for sedentary behavior: 2.602 (1.557, 4.348), p = 0.003]. C-reactive protein mediated the association between sedentary behavior and stroke among older adults, with a mediation of 3.64%.
Conclusion: In people aged 60 years and older, sedentary behavior was positively associated with stroke, whereas physical activity was negatively associated with stroke, and C-reactive protein mediated the relationship between sedentary behavior and stroke.
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Introduction

Stroke is a clinical syndrome caused by focal or systemic brain damage that lasts more than 24 h or results in death. In highly developed countries, stroke is the third most common cause of adult death, the second most common cause of dementia, and the most common cause of disability (1). Lifestyle, hypertension, hyperlipidemia, blood glucose, obesity, and obstructive sleep apnea are risk factors for stroke (2). Stroke is the leading cause of disability worldwide and the second leading cause of death. The Global Stroke Factsheet released in 2022 reveals that lifetime risk of developing a stroke has increased by 50% over the last 17 years and now 1 in 4 people is estimated to have a stroke in their lifetime. In 2021, stroke was the third most common GBD level 3 cause of death (7.3 million [95% UI 6.6–7.8] deaths; 10.7% [9.8–11.3] of all deaths) after ischemic heart disease and COVID-19, and the fourth most common cause of DALYs (160.5 million [147.8–171.6] DALYs; 5.6% [5.0–6.1] of all DALYs) (3).

There is a large body of evidence that lifestyle factors significantly affect the incidence of stroke and that reducing sedentary time and increasing exercise are necessary changes that can benefit people (4, 5). Studies have pointed to a significantly greater prevalence of physical inactivity among stroke survivors (6). Inflammation is a response triggered by damage to living tissue. Growing evidence for the double-edged role of the immune system in the pathophysiology of stroke (7). A study points to inflammatory cytokines and cells as potential markers for stroke patients in intensive care units (8). It has also been suggested that elevated baseline C-reactive protein levels are associated with an increased risk of ischemic stroke (9). A meta-analysis of individual participant data suggests that blood markers of inflammation are independently associated with vascular recurrence after a stroke (10).

Physical activity is a potential modulator of the inflammatory process, which reduces inflammation and thus reduces the incidence of many diseases, such as multiple sclerosis (11). Other evidence also suggests that increased exercise is associated with reduced inflammation (12, 13). Sedentary behavior is associated with increased inflammation in the body. Sedentary behavior causes significant pro-inflammatory effects (14). Sedentary men with metabolic syndrome have reduced inflammation after an exercise intervention, as evidenced by a reduction in hs-CRP levels (15).

This study examined the relationship between physical activity, sedentary behavior and stroke and assessed whether C-reactive protein could act as a mediator to mediate the relationship between physical activity, sedentary behavior and stroke by surveying a study population aged 60 years and older from the National Health and Nutrition Examination Survey (NHANES) over the past 4 years (2007–2010).



Materials and methods


Study population

The data analyzed in this study comes from the National Health and Nutrition Examination Survey (NHANES), a comprehensive population-based survey designed to collect data on the American civilian population. Since 1999, NHANES has collected data on approximately 10,000 individuals in 2-year cycles and has used a multistage probability sampling design to produce a representative sample of Americans in non-institutionalized households. We used data from two cycles in NHANES (2007–2008, 2009–2010). Participants with missing stroke information and invalid responses were excluded from data merging, while samples with missing basic information and C-reactive protein were excluded, resulting in 3,010 participants being included in our study (Figure 1).

[image: Flowchart depicting participant selection from the NHANES 2007-2010 study, starting with 20,686 participants. Reasons for exclusion include: 16,459 under sixty years old, 47 with missing data for stroke, sedentary, and physical activity, and 1,170 with missing values for C-reactive protein and covariates. Final study participants total 3,010.]

FIGURE 1
 Flowchart of study design and exclusion of participants from the study.




Assessment of stroke outcome

The purpose of this study, we defined stroke outcome as a self-reported positive diagnosis of stroke by a physician. All participants completed a disease-related health status questionnaire before their physical examination. Study participants were asked, “Has a doctor or other health professional ever told you that you had a stroke?” A “yes” answer to this question was coded as stroke-positive, and a “no” answer was coded as stroke-negative (16).



Measurement of C-reactive protein

This method quantifies CRP by a latacy-enhanced turbidimetric method. For CRP quantification, a particle consisting of a polystyrene core and a hydrophilic shell was covalently linked to an anti-CRP antibody. Data reduction of the signal was performed by data reduction of the signal on the calibration curve using a storable logit-log function. Quantitative CRP was measured on a Behring nephelometer. The specific process can be found at https://wwwn.cdc.gov/Nchs/Nhanes/2009-2010/CRP_F.htm.



Assessment of sedentary behavior and physical activity

The Physical Activity Questionnaire (prefix PAQ) is based on the Global Physical Activity Questionnaire (GPAQ) and includes problematic activities related to daily living, leisure time activities and sedentary activities. PA information was collected using a global PA questionnaire based on the one created by the World Health Organization (WHO) (17). Participants were asked to report their PA behaviors in the past 30 days1. Levels of three PA types were examined: strenuous work activity/recreational activity, moderate work activity/recreational activity, and walking/cycling activity. The number of days per week they engaged in each type of PA in a typical week was reported and the amount of time (in minutes) spent on that type of activity during the day. The frequency and duration of these activities were used to calculate weekly metabolic equivalent (MET) estimates. NHANES provides MET corresponding to each activity category to determine activity intensity.

First, Met/week was calculated by multiplying the total number of minutes per week for each activity by the NHANES-recommended MET value, PA (MET-minutes/week) = MET × weekly frequency × duration of each physical activity (18), and the sum of all activities was calculated by summing over all activity categories. Next, respondents were categorized according to the US PA guidelines for adherence (moderate-intensity PA for adults should be performed for 150 min per week [equivalent to 600 min/week]). Participants were categorized as physically inactive individuals (600 < MET minutes/week, less than PA recommendations) and physically active individuals (≥600 MET minutes/week, PA recommendations) (19). The NHANES Sedentary Behavior Assessment is a self-report question. Participants heard questions about how much time in a typical day you usually spend sitting or lying down at work, at home, or at school. This included sitting at a desk, with friends, traveling by car, bus or train, reading, playing cards, watching TV, or using a computer. Self-reported sitting or lying down time is divided into 4 levels (<4 h/d, 4–<6 h/d, 6–8 h/d, and >8 h/d) (20).



Covariates

The following variables were included according to the purpose of the study. Gender (male/female), age (20–39, 40–59, and 60–80), race (Mexican American, other Hispanic, non-Hispanic white, non-Hispanic black, and other race), educational (<high school, high school, and >high school) and marital status (not living alone [Married/Living with Partner]/living alone [Widowed/Divorced/Separated/Never married]). Other confounding variables included smoking (defined as having smoked at least 100 cigarettes in a lifetime) and alcohol consumption (defined as having had at least 12 drinks in a year). Diabetes and hypertension were derived from self-reported physician diagnoses (yes/no). The body mass index is categorized into three categories (<25.0, 25.0-30.0, ≥30.0), and the poverty income ratio is an index of the ratio of household income to poverty.



Statistical analyses

Given the complex multi-stage (stratified and whole group) sampling design of NHANES, appropriate weights were used. Empowerstats2 was used for weighted analyses. Sample weights for the Mobile Examination Centre (MEC) interviews were reweighted to combine the total NHANES survey data for the 4 years from 2007 to 2010. For baseline characterization, weighted means (95% CI) were used for continuous variables, observations and percentages (weighted) were used for categorical variables, p-values were calculated using appropriate weights, weighted linear regression was used for continuous variables, and weighted chi-square tests were used for categorical variables. Multivariate logistic regression analyses of the association between physical activity, sedentary behavior and stroke were performed and 95% confidence interval (CI) and odds ratio (OR) were calculated. Variables in the crude models were unadjusted; model 1 was adjusted for gender, age, and race, and model 2 was adjusted for gender, age, race, education, marital status, smoking status, drinking status, hypertension, diabetes, body mass index, and poverty income ratio. Mediation effects analyses were calculated using EmpowerStats (see Footnote 2) software. Mediated effects analyses allow us to calculate mediating effects and are an ideal strategy for elucidating pathways and providing statistical evidence for mechanistic analyses. In this study, direct effects represent associations between sedentary behavior, physical activity and stroke; indirect effects, i.e., associations between sedentary behavior, physical activity and stroke are mediated by inflammatory markers; and mediation ratios represent the percentage of mediated effects. p < 0.05 indicates a significant difference.




Results


Baseline characteristics of the study population

Table 1 shows the characteristics of the study population by stroke status. The final sample consisted of 3,010 individuals, of whom 244 (7.53%) had experienced a stroke. The mean age of the included study population was 69.80 years, and the mean age of the stroke population was 73.02 years, with 1,513 (45.67%) males and 1,497 (54.33%) females. In the stroke population, 130 (43.54%) were male. Additionally, p-values calculated based on weighting showed statistically significant differences (p < 0.05) between age, education, hypertension, diabetes, physical activity, sedentary behavior, poverty income ratio, C-reactive protein, and stroke. There was no statistically significant association between gender, race, marital status, smoking status, drinking status, body mass index, and stroke (p > 0.05).



TABLE 1 Characterization of the study population by stroke status, weighted.
[image: Table comparing stroke and non-stroke populations with variables such as age, gender, race, education, marital status, smoking, drinking, hypertension, diabetes, poverty, BMI, C-reactive protein, physical activity, and sedentary behavior. The table includes total counts, percentages, and p-values for statistical significance.]



Weighted logistic regression results between sedentary behavior, physical activity and stroke

Table 2 shows the relationship between physical activity and stroke. <600 MET-minutes/week was used as the reference. In the crude model, the OR and 95% CI for stroke in older adults in the ≥600 MET-minutes/week group was 0.486 (0.360, 0.655); after adjusting for gender, age, and ethnicity, the OR and 95% CI for stroke in older adults was 0.548 (0.413, 0.727); when adjusted for all variables included, the results remained statistically significance [0.622 (0.443, 0.875), p = 0.009]. Table 3 shows the relationship between sedentary behavior and 60 years old, using 0 to <4 h/day as a reference. Sedentary behavior was found to be positively associated with the risk of 60-year-olds in the >8 h/day group in the crude model, with an OR and 95% CI of 2.549 (1.517, 4.284); the result was still significant after adjusting for all included variables [2.602 (1.557, 4.348), p = 0.003]. Figure 2 shows the results of smoothed curve fitting for the association of physical activity (A), sedentary behavior (B) and stroke. The smoothing curve shows a decrease in stroke risk as the amount of time spent exercising increases and then enters a plateau period. In contrast, the longer the sedentary time, the higher the risk of stroke, with a continuing upward trend.



TABLE 2 The relationship between physical activity and stroke in older adults, weighted.
[image: Table showing odds ratios (OR) and p-values for physical activity levels across three models: Crude, Model 1, and Model 2. Continuous physical activity has an OR of 1.000 in all models, with p-values of 0.002, 0.002, and 0.006, respectively. Less than 600 MET-minutes/week is the reference. For 600 or more MET-minutes/week, the ORs are 0.486 (p<0.001) in Crude, 0.548 (p<0.001) in Model 1, and 0.622 (p=0.009) in Model 2. Models 1 and 2 adjust for demographic and health factors.]



TABLE 3 Relationship between sedentary behavior and stroke in older adults, weighted.
[image: Table displaying odds ratios (OR) for sedentary behavior categorized by daily hours, across three models: Crude, Model 1 (adjusted for gender, age, race), and Model 2 (further adjusted for education, marital status, health factors). OR and P-values show statistical significance, with higher sedentary behavior correlating to increased OR, particularly beyond eight hours daily.]

[image: Two line graphs depict the relationship between stroke risk and physical activity (A) versus sedentary time (B). Graph A shows stroke risk decreasing with higher physical activity levels. Graph B shows stroke risk increasing with greater sedentary time. Both graphs use red lines for the main trend and dotted lines for confidence intervals.]

FIGURE 2
 Results of a non-linear association between physical activity, sedentary time, and stroke in older adults. (A) Physical activity and stroke; (B) Sedentary time and stroke.




Threshold effect analysis

Table 4 shows the results of the threshold effect analysis of the relationship between physical activity, sedentary behavior and stroke in older adults. The results showed that there was a threshold effect between physical activity, sedentary behavior and stroke, with thresholds of 480 MET minutes/week and 90 min for physical activity and sedentary behavior, respectively, and a significant threshold effect with stroke was found only for physical activity (Log-likelihood ratio < 0.001).



TABLE 4 Threshold effects between physical activity, sedentary behavior and stroke in older adults.
[image: Table displaying results from regression models on physical activity and sedentary behavior. For physical activity: linear regression model yields adjusted odds ratio (OR) of 1.000 with p-value 0.0037; inflection point at 480 with OR less than K at 0.999 and OR greater or equal to K at 1.000. For sedentary behavior: linear model gives OR of 1.002 with p-value less than 0.0001; inflection point at 90 with OR less than K at 0.999 and OR greater or equal to K at 1.002. Adjustments include gender, age, race, education, marital status, and other health factors.]



Mediation analysis

Table 5 shows the weighted mean and 95% CI of C-reactive protein in different physical activity and sedentary behavior in older adults, with higher C-reactive protein levels in low physical activity levels and high sedentary behavior. The mediating role of C-reactive protein in the relationship between physical activity (Figure 3), sedentary behavior (Figure 4) and stroke in people aged 60 years and over was explored (sedentary behavior and physical activity were continuous variables). Adjusted for gender, age, race, education, marital status, smoking status, drinking status, hypertension, diabetes, body mass index, and poverty income ratio. A significant mediating effect (p < 0.05) was found only in sedentary behavior, with a mediation proportion of 3.64%.



TABLE 5 C-reactive protein levels in different physical activities, sedentary behavior.
[image: Table showing C-reactive protein levels based on physical activity and sedentary behavior. For physical activity: less than 600 MET-minutes/week results in 0.50 mg/dL (95% CI: 0.43-0.57), and 600 or more MET-minutes/week results in 0.38 mg/dL (95% CI: 0.32-0.44). For sedentary behavior: 0-4 hours/day is 0.35 mg/dL (95% CI: 0.31-0.39), 4-6 hours/day is 0.40 mg/dL (95% CI: 0.33-0.47), 6-8 hours/day is 0.51 mg/dL (95% CI: 0.41-0.61), and more than 8 hours/day is 0.52 mg/dL (95% CI: 0.44-0.59). ]

[image: A mediation model diagram showing the relationship between physical activity and stroke, with C-reactive protein as a mediator. The direct effect of physical activity on stroke is 0.0116 with p-value less than 0.001. The mediation effect through C-reactive protein is -0.0001 with p-value 0.1160. Proportion mediated is 1.02 percent.]

FIGURE 3
 Mediation analysis of physical activity and stroke in older adults.


[image: Diagram illustrating a mediation model with sedentary behavior leading to stroke directly and indirectly through C-reactive protein. The mediation effect is 0.0013 (p=0.030), and the direct effect is 0.0333 (p<0.001). Proportion mediated is 3.64%.]

FIGURE 4
 Mediation analysis of sedentary behavior and stroke in older adults.





Discussion

We found that the risk of stroke was lower among people aged 60 years and older who met the recommended exercise schedule of the US PA and that sedentary behavior was positively associated with the risk of stroke. C-reactive protein mediated the association between sedentary behavior and stroke in older adults with a mediator ratio of 3.64%.

Most studies have shown that physical activity reduces the risk of stroke. In a standardized case–control study of the global burden of stroke from various risk factors in 22 countries worldwide, the promotion of physical activity was found to significantly reduce the burden of stroke, [odds ratio (OR: 0.69, 0.53–0.90) and population-attributable risk (PAR: 28.5%, 14.5–48.5)]. In a study on stroke, it was noted that acute cerebral ischemia showed a distinct, slight pattern of intra-parenchymal hemorrhage differences in the onset time of weekdays versus weekends/holidays, which may be related to variations in physical activity and stressful times (21). The existing literature tends to suggest that sedentary behavior is associated with an increased risk of stroke. Sedentary behavior is linked to stroke risk. Among people under 60 years of age with low activity levels, recreational sedentary time over 8 h per day is associated with an increased risk of long-term stroke (4). A Sedentary lifestyle increases the risk of stroke (22), prolonged sedentary time is associated with more severe stroke symptoms (23).

Previous studies have found that inflammation appears to play a crucial role in the survival and recovery after ischemic stroke (24). Blood markers of inflammation are independently associated with vascular recurrence after stroke in a meta-analysis of individual participant data (10). In a study of the relationship between pro-inflammatory cytokines and the risk of recurrent stroke, it was demonstrated that inflammatory markers associated with the acute phase response (IL-6, TNF-α, C-reactive protein, and fibrinogen, but not IL-18), were associated with the risk of stroke recurrence (25). C-reactive protein has been shown to be a prognostic marker after lacunar stroke. In patients with recent lacunar stroke, high sensitivity C-reactive protein (hsCRP) levels predict the risk of recurrent stroke and other vascular events (26). Inflammation plays an important role in the pathophysiology of stroke, and it has been suggested that inflammatory risk markers within neutrophils, lymphocytes and C-reactive protein may have a strong independent predictive value for stroke outcome (27). The mediating effect of CRP explained only 3.64% of the relationship between sedentary behavior and stroke, which still suggests that sedentary behavior may affect stroke risk partly through inflammatory pathways. This finding suggests that sedentary behavior, even though a small inflammatory response, can still have a potentially negative impact on health. Therefore, it may serve as a basis for early identification and intervention in clinical settings.

Sedentary behavior is strongly associated with elevated levels of cytokines, which are also involved in many regulatory and inflammatory processes (28, 29). Previous studies have revealed the importance of cytokines in immune regulation, tissue repair and inflammatory diseases. In particular, the overexpression of some cytokines has been implicated in the pathogenesis of stroke (30), which makes exploring the relationship between sedentary behavior and cytokines an important direction in exploring the mechanisms of stroke genesis (31). This implies that sedentary behavior may influence the risk of stroke by affecting the degree of inflammatory response (32). The results of the mediation analyses suggest that C-reactive proteins play a significant regulatory role in the relationship between sedentary behavior and stroke. This finding triggered our interest in more in-depth studies on the role of inflammatory biomarkers in stroke pathogenesis. Further studies could explore the interactions between different inflammatory markers and how they play a role in sedentary behavior affecting stroke risk. This deeper dug information will help to understand the relationship between lifestyle and stroke more comprehensively and provide a more scientific basis for the development of prevention and intervention strategies.

Reducing sedentary behavior and increasing physical activity are effective ways to prevent stroke in older adults. A study of physical activity and stroke risk in middle-aged and older adults found negative associations between intensity, frequency, duration, and volume of physical activity and stroke risk in middle-aged and older adults (33). Physical activity is recognized as an effective intervention to improve psychosocial well-being after stroke (34). Exercise intervention programs improve frailty and cognitive traits, thereby optimizing functional capacity during the aging process, sedentary lifestyles are associated with declining muscle function and cardiorespiratory fitness, leading to impaired ability to perform daily activities and maintain independent functioning, and exercise is an alternative to medication (35).

Our study has several strengths. First, we used a nationally representative NHANES cohort, adjusted for confounders (including socio-demographic and lifestyle factors), and considered the complex sampling of NHANES in the analytical calculations. Secondly, the possible mediating role of inflammatory markers was considered when exploring the relationship between sedentary behavior, leisure physical activity and stroke, and C-reactive protein was found to significantly mediate the relationship between sedentary behavior and stroke in older adults. Finally, we also recognized that reducing sedentary time and increasing physical activity appeared to alter inflammatory status, and therefore, understanding the extent and specificity of the relationship between blood cell-based inflammatory biomarkers and stroke has further health implications.

There are several limitations to the study in this article. First, the data on physical activity and stroke came from a questionnaire, and the quantification of activity time by recall is obviously subjective, and more rigorous measurements, such as wearable physical activity monitor (PAM)-based physical activity measurements (36), should be adopted in subsequent studies; in addition, the physical activity equivalents calculated in this study were based on overall activity levels, and future studies could explore the effects of different types of physical activity levels on stroke (16); and finally, the source of this data is the United States, and caution should be exercised when extrapolating to the total population.



Conclusion

In people aged 60 years and older, sedentary behavior was positively associated with stroke, whereas physical activity was negatively associated with stroke, and C-reactive protein mediated the relationship between sedentary behavior and stroke.
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Objectives: Hypertension can lead to significant health complications if left unmanaged due to unhealthy behaviors. This study investigates hypertension related health behaviors of middle-aged and older Chinese adults, investigating whether a hypertension diagnosis and individuals’ subjective life expectancy (SLE) might prompt positive changes in their health behaviors.
Methods: The participants in this study were Chinese adults aged 45 years and older, selected from the 2013–2020 China Health and Retirement Longitudinal Study. Linear mixed-effects models were employed to investigate the influence of receiving a hypertension diagnosis, as well as SLE, on hypertension related behaviors.
Results: Among the respondents, 27.65% reported doctor-diagnosed hypertension, while 19.91% of those who were undiagnosed with hypertension had measured hypertension at baseline. Of those diagnosed with hypertension, only 46.97% in 2013 had their blood pressure within the normal range in 2013, and this slightly improved to 47.80% in 2015. Both receiving a hypertension diagnosis (β = 0.41, 95% CI: 0.37–0.43) and having a low-SLE (β = 0.06, 95% CI: 0.03–0.09) were associated with healthier behavior. Interestingly, individuals with measured hypertension exhibited the highest SLE but the lowest health behavior scores.
Discussion: Although individuals diagnosed with hypertension are able to recognize the dangers of the condition and take proactive steps to improve their health, high blood pressure remains uncontrolled in almost half of them. Those with measured hypertension often lack awareness of hypertension and unhealthier behaviors. Therefore, there is a critical need to enhance hypertension awareness and promote healthier behaviors among both diagnosed individuals with uncontrolled blood pressure and those unaware of their hypertension.
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 hypertension awareness; health behavior modification; subjective survival expectations; China; subjective life expectancy (SLE)


Introduction

Hypertension has become a prevalent issue for the majority of middle-aged and older adults in China, with the prevalence increasing over the years (1, 2). It is a significant risk factor for disability-adjusted life years (DALYs) worldwide, contributing to 10.4 million deaths and 218 million DALYs (3). Hypertension increases the mortality from cardiovascular diseases such as stroke and ischemic heart disease in older adults (4, 5). It may also lead to psychological problems (6). Studies have confirmed that receiving treatment can reduce the burden of disease in people with hypertension, and there is no significant difference in the mortality between patients with well-controlled blood pressure and those with normotension (7, 8). However, in China, awareness, management, and control of hypertension are still generally insufficient, and only one-quarter of the patients have received treatment (9). Therefore, it is clear that awareness and management of hypertension should be promoted among the Chinese population.

There are several factors contributing to the mismanagement of blood pressure in patients. Firstly, hypertension is often asymptomatic, and if patients are not diagnosed, they may remain unaware of the condition and therefore not engage in treatment or behavioral management. Secondly, even among diagnosed patients, some may struggle to adhere to healthy behaviors, leading to further mismanagement.

The Common Sense Model of Self-Regulation (CSM) proposes that patients’ response to a health threat depends on their awareness of the threat, perceptions of the threat and potential therapeutic behaviors, which then guide their action plans (10, 11). Patients’ motivation to take control measures is often driven by their perception of the disease as a life-threatening condition. Subjective life expectancy (SLE), often used to gauge an individual’s expectation of reaching their life expectancy (12–14, 28). If someone perceives themselves to be at a higher risk of health issues, they may anticipate a decrease in life expectancy, leading them to adopt positive health behaviors in order to improve their chances of survival in the future. While SLE has been useful for health investment planning (15) and care planning (16), there is limited research exploring the impact of SLE on health behaviors. In this study, we hypothesize that individuals diagnosed with hypertension would have a lower SLE, which would, in turn, promote healthier behavior patterns.

To test this hypothesis, our analysis is divided into three parts. First, we describe the distributions of hypertension, SLE, and health behaviors among respondents from 2013 to 2018. Second, we investigate hypertension status of respondents in 2013 and 2015. Additionally, we examined relationship between different hypertension status and SLE and health behaviors. Third, we investigate whether a Low-SLE is associated with an increase in healthier behaviors. We do this by evaluating the relationship between SLE and health behaviors, while adjusting for the diagnosed status of hypertension. Furthermore, we analyzed the relationship between SLE and health behaviors among individuals diagnosed with hypertension. To ensure the robustness of our findings, we conduct additional analyses with alternate specifications that include individual fixed effects.



Materials and methods


Data

Data are from the China Health and Retirement Longitudinal Study (CHARLS), a national longitudinal survey initiated in 2011. This survey is conducted every two to 3 years and involves a sample of approximately 10,000 households from 150 counties. The survey includes 17,000 respondents aged 45 and above. Further information regarding the design of CHARLS can be found in the relevant literature (17).

All participants or their legal representatives provided written informed consent. The Biomedical Ethics Committee of Peking University (IRB00001052-11015) provided ethical approval for the study.

Figure 1 provides an overview of the participant selection process in this investigation. Wave 2 (2013) of the CHARLS survey was designated as the baselines for this study. The inclusion criteria encompassed: (1) participants aged 45 years and above; and (2) individuals who participated in all four waves of the survey (2013, 2015, 2018 and 2020). Exclusion criteria involved participants with missing data on variables used in the analysis. As a result, the final sample contained of 5,223 individuals.

[image: Flowchart detailing participant selection for a longitudinal study. Starts with 10,905 participants in four interviews. 2,637 excluded for missing information: 145 without hypertension data, 460 lacking health behavior data, and 2,032 missing SLE-related information, leaving 8,268 participants. Further, 3,045 excluded for other missing variables, resulting in 5,223 participants included in the study.]

FIGURE 1
 Flowchart of sample recruitment.




Measure


Diagnosed and measured hypertension

All participants were require to indicate if they had been diagnosed with hypertension by doctors. If a participant answered “yes” to this question, they were labeled as diagnosed hypertension.

Blood pressure measurements were taken during the 2013 and 2015 waves. Each subject’s systolic and diastolic blood pressures were measured three times by one investigator using an HEM-7112 electronic monitor (Omron, Kyoto, Japan). The mean blood pressure value was then calculated for each subject. According to the criteria set by the World Health Organization (18), individuals who had a mean systolic blood pressure of 140 mm Hg or higher and/or a mean diastolic blood pressure of 90 mm Hg or higher, but did not report a previous diagnosis of hypertension, were classified as having measured hypertension.



Subjective life expectancy (SLE)

SLE in the CHARLS was determined using the following question “What is the chance that you will live to be [75 (if respondent’s current age is 64 or less)/80 (if age is between 65 and 69)/85 (if age is between 70 and 74)/90 (if age is between 75 and 79)/95 (if age is between 80 and 84)/100 (if age is between 85 and 89)/105 (if age is between 90 and 94)/110 (if age is between 95 and 99)/115 (if age is 100 or more)]?.” Participants provided their response on a 5-point Likert scale, ranging from 1 (almost impossible) to 5 (almost certain). Based on the distribution of SLE scores, they were categorized as follows: scores of 1–2 were classified as Low-SLE, a score of 3 as Middle-SLE, and scores of 4–5 as High-SLE (Supplementary Figure S1).



Health behaviors


Tobacco avoidance

To determine smoking status, two questions were utilized: “Have you ever chewed tobacco, smoked a pipe, smoked self-rolled cigarettes, or smoked cigarettes/cigars?” and “Do you still have the habit, or have you totally quit?.” Respondents who indicated that they had never smoked or had quit were classified as non-smokers, assigned a score of 1; while those who reported they were still smoking were classified as smokers, assigned a score of 0.



Alcohol avoidance

To determine drinking status, participants were asked the question, “Did you consume any alcoholic beverages, such as beer, wine, or liquor in the past year? “. Those who reported drinking in the last year were classified as drinkers and scored as 0. Conversely, those who reported never drinking in the past year were classified as non-drinkers and scored as 1.



Physical activity

Physical activity levels are categorized into three intensities: (1) Vigorous Physical Activity (VPA): This category includes activities that significantly increase breathing difficulty, such as heavy lifting, digging, ploughing, aerobics, fast bicycling, and cycling with a heavy load, as classified in CHARLS. (2) Moderate Physical Activity (MPA): This category includes activities that moderately increase breathing difficulty, such as carrying light objects, bicycling at a regular pace, or mopping the floor, as classified in CHARLS. (3) Low Physical Activity (LPA): This category includes walking activities that individuals engage in for recreation, sport, exercise, or leisure, as classified in CHARLS.

In our study, physical activity was defined as engaging in VPA for at least 30 min, more than once a week with; engaging in MPA for at least 30 min, more than three times a week; or engaging in LPA for at least 30 min, more than five times a week. Respondents who met this standard were assigned a score of 1, while those who did not meet the standard received a score of 0.



Medication use

To assess medication use for hypertension control among individuals diagnosed with hypertension, they were asked the question, “Are you currently taking any medications, including both traditional Chinese medicine and Western modern medicine to treat or control your hypertension? “Based on their response, respondents were assign a score of 1 if they reported taking any type of medication for hypertension control, and a score of 0 if they reported not taking any medication.




Blood pressure monitoring

For determining the frequency of respondents’ self-monitoring blood pressure check, we asked the question, “During the last 12 months, how many times have you had your blood pressure examined? “Responses were categorized into four groups: 0 for no checks, 1 for one to six checks, 2 for seven to twelve checks, and 3 for more than 12 checks. The total score for this behavior ranged from 0 to 3.

In our study, we examined general health behaviors in all respondents. For individuals with hypertension, we further investigated their general health behaviors as well as their hypertension-control related health behaviors, collectively referred to as hypertension health behavior. General health behavior included tobacco avoidance, alcohol avoidance and regular engagement in physical activity. The total score for general health behavior was calculated by summing the scores for the three mentioned behaviors, ranging from 0 to 3. Hypertension-control related health behaviors encompassed consistent medication use for hypertension and regular monitoring of blood pressure. The score for hypertension-control related health behaviors was calculated by summing the scores for consistent medication use and regular monitoring of blood pressure, ranging from 0 to 4. Among individuals with diagnosed hypertension, we further calculated the hypertension health behavior score. This score was defined as the sum of general health behaviors and hypertension-control related health behaviors, ranging from 0 to 7.



Covariates

We included several covariates in our study that may confound association between SLE and health behaviors. These covariates encompassed demographic, socio-economic and health-related characteristics.

The demographic variables included age, gender, and marital status. Age was treated as a continuous variable, while gender was coded as a binary variable (0 for female, 1 for male). Marital status was also coded as a binary variable (1 for married, 2 for unmarried).

The socioeconomic variables comprised the location of the current residence, education, and pension. The location of the current residence was coded as a binary variable (0 for urban, 1 for rural). Education was categorized into three levels: 1 for illiterate, 2 for elementary school and below, and 3 for middle school and above. Pension was coded as a binary variable, with 1 indicating the receipt of any pension income in the past year and 0 indicating no pension income received.

Additionally, we included health-related variables in our analysis. The degree of disability was assessed based on three activities in which individuals may require assistance: bathing, dressing, and eating. We assigned a value of 0 to indicate no assistance needed and a value of 1 to indicate assistance needed for each activity. The degree of disability was then calculated as the sum of assistance needs, ranging from 0 to 3.




Statistical analysis

Descriptive analyses were performed to investigate the distribution of hypertension, self-reported life expectancy, health behavior scores, and other participant characteristics from 2013 to 2020. Furthermore, we described the proportion of respondents with measured hypertension in Table 1.



TABLE 1 Distribution of characteristics of participants across 2013 to 2018 (N = 5223).
[image: Table displaying demographic and health data from 2013 to 2020, divided into categories: gender, age, education, marital status, residence, pension status, SLE (subjective life expectancy), and diagnosed hypertension. Data includes means and percentages for each year. For instance, in 2013, 51.20% were male, and the mean age was 58.11 years. The education section shows percentages of illiterate individuals and those with varying education levels. Marital status shows a decline in married individuals from 91.00% in 2013 to 75.24% in 2020. Data provides insights into health behaviors and socioeconomic factors.]

Participants were categorized into different blood pressure statuses, including those with no hypertension, measured hypertension, diagnosed hypertension with normal blood pressure, and diagnosed hypertension with abnormal blood pressure. To compare the differences in SLE and general health behaviors scores among the four groups, we used the Kruskal-Wallis rank-sum test. Subsequently, pairwise comparisons between each pair of groups were conducted using Dunn’s test. To examine the difference in hypertension health behaviors between individuals with diagnosed hypertension with normal and abnormal blood pressure, we employed the Wilcoxon rank-sum test.

To explore the impact of SLE on both general health behaviors and hypertension health behavior, linear mixed effects models were employed. These models incorporated survey time as the first level and individuals as the second level. These models adjusted several covariates, including demographic variables, socio-economic variables and health-related variables.

To ensure the robustness of the models, fixed-effects models were also conducted to account for potential changes in variables that could influence the model outcomes. All statistical analyses in this study were performed using R 4.2.2. A p-value of less than 0.05 was considered statistically significant.




Results


Descriptive statistics

Table 1 displays the distribution of characteristics of the respondents for the four waves of surveys conducted in 2013, 2015, 2018 and 2020. It is notable that the number of individuals with hypertension has exhibited an upward trend over time. In 2013, 27.65% of the respondents were diagnosed with hypertension, whereas in 2020, this percentage had increased to 48.36%. Simultaneously, there has been a gradual rise in the adoption of healthier behaviors. The SLE of the respondents has shown a decline. The proportion of respondents with high SLE at baseline was 37.38%. However, by 2020, this percentage had decreased to 27.28%.

Using data from the 2013 and 2015 waves, we analyzed respondents’ hypertension status during those years. It is important to note that data from 2018 and 2020 were not included in this specific analysis as the surveys conducted in that year did not include the blood pressure measurement program. In 2013, we observed that 19.91% (658 out of 3305) of respondents who reported being undiagnosed with hypertension had measured hypertension. Similarly, in 2015, this percentage remained high at 16.94% (514 out of 3034). Furthermore, less than half of individuals diagnosed with hypertension had their hypertension under control, with only 46.97% in 2013 and 47.80% in 2015 having their blood pressure within the normal range (Figure 2).

[image: Bar chart comparing hypertension status between 2013 and 2015. Categories: No hypertension, undiagnosed hypertension, diagnosed hypertension with normal BP, diagnosed hypertension with abnormal BP. No hypertension category shows highest values with a slight decrease from 2013 to 2015, while other categories remain relatively consistent between the two years.]

FIGURE 2
 Descriptive statistics of respondents’ blood pressure status.




Distributions of health behaviors and SLE among older adults with different blood pressure status

We conducted a comparison of health behavior scores and SLE among respondents with different blood pressure statuses, including those with no hypertension, measured hypertension, diagnosed hypertension with normal blood pressure, and diagnosed hypertension with abnormal blood pressure. As shown in Table 2, significant differences were observed in both health behavior scores and SLE across the four groups.



TABLE 2 The difference of health behavior and SLE between four group respondents in 2013 and 2015 (N = 4559).
[image: A table displaying mean scores for hypertension health behavior, general health behavior, and subjective life expectancy (SLE) across groups: no hypertension, measured hypertension, diagnosed hypertension with normal BP, and diagnosed hypertension with abnormal BP. Each metric shows significant differences with p-values less than 0.001. The SLE is divided into low, middle, and high categories with respective scores for each hypertension group.]

Supplementary Table 1 provides further details on these differences between the groups. Specifically, respondents with measured hypertension exhibited the largest proportion of High-SLE (44.84%), indicating a higher expectancy, and the lowest score of general health behaviors.



Contributions of SLE to general health behavior

After adjusting for covariates, the results of the linear mixed-effects model in Table 3 examining the impact of being diagnosed with hypertension on general health behaviors reveal a significant positive correlation with the score of general health behaviors (β = 0.41, 95% CI: 0.37–0.43). Furthermore, controlling for covairates and hypertension status, low-SLE was found to be negatively correlated with the score of general health behaviors (β = 0.06, 95% CI: 0.03–0.09). It serves as a motivating factor for individuals to adopt healthier behaviors. These findings highlight the importance of considering both SLE and hypertension diagnosis when promoting and encouraging healthy behaviors among middle-aged and older adults.



TABLE 3 Linear mixed-effects model of SLE on general health behavior.
[image: Regression table comparing two models for hypertension diagnosis and related factors. Key variables include hypertension diagnosis, SLE levels, age, gender, marital status, education, residence, ADLWA, and pension. The results are presented as coefficients with 95% confidence intervals. Significant findings are noted, such as the association with hypertension diagnosis and rural residence. Models have similar R-squared values around 0.44.]



Impact of SLE on hypertension health behavior in participants with diagnosed hypertension

Table 4 demonstrates the factors that contribute to improvements in health behaviors among people with hypertension. After controlling for covariant variables, the analysis revealed a significant negative correlation between SLE and the score of health behaviors compared to those with the highest SLE (β = 0.06, 95% CI: 0.01–0.10; β = 0.07, 95% CI: 0.02–0.11).



TABLE 4 Linear mixed-effects model of SLE on hypertension health behavior among individuals diagnosed with hypertension.
[image: Regression table showing Model 3 results with coefficients and confidence intervals for various predictors. For SLE: Middle-SLE (0.06, p<0.05), Low-SLE (0.07, p<0.01). Age (0.01, p<0.001). Gender: Female (0.93, p<0.001). Marital status: Unmarried (−0.06, p<0.05). Residence: Rural (−0.15, p<0.001). Constant is 1.22 (p<0.001). Additional stats: 2,496 observations, R-squared 0.169, AIC 28575.97, BIC 28659.02. ADLWA and pension show no significant effect.]



Robustness analysis

To address potential instability in the observations due to changes in SLE values and health behavior scores at different time points, we conducted a robustness analysis. A total of 1,051 respondents experienced changes in their SLE values, while 3,152 respondents had changes in their health behavior scores. To control for differences in individual characteristics, fixed-effects models were fitted to Models 1 and 2 as well as model 3. The results of the robustness analysis, presented in supplementary Tables 2–4, indicate that changes in the observations did not have a significant impact on the results. The fixed-effects models confirm that diagnosed hypertension motivates respondents to adopt healthy behaviors, and that lower SLE is associated with a higher health behavior score, both in the general population and among people with hypertension. These findings provide additional support for the robustness of our main results.




Discussion

In this study, we observed that middle-aged and older adults diagnosed with hypertension had lower SLE compared to those who were not diagnosed with hypertension, including those with no hypertension and those with measured hypertension. This finding aligns with previous research indicating that being diagnosed with hypertension affects patients’ perceptions of their future survival probability (19). Additionally, we found that individuals with diagnosed hypertension exhibited better health behaviors than those with undiagnosed hypertension, including individuals without hypertension and those with measured hypertension. This finding is consistent with previous studies that have emphasized the importance of accurate diagnosis and awareness of hypertension (20).

Moreover, we observed a significant association between Low-SLE and better health behaviors. This suggests that concerns about future life expectancy motivate individuals to undertake proactive health actions. This phenomenon may be attributed to individuals with hypertension recognizing the importance of controlling their blood pressure through specific behaviors like medication adherence. These findings are consistent with CSM model, which suggests that patients take coping measures due to the perceived life-threatening effects of their disease condition and strive to change their health status (11).

Notably, individuals whose hypertension was under control had a higher proportion of individuals indicating low SLE compared to those with no hypertension. Despite their hypertension being under control, they self-perceived themselves as less healthy compared to those with no hypertension (19, 21), and even lower than those with measured hypertension. It can be assumed that the reason for their pessimism about their future lives was not the high blood pressure itself, but rather the fact that they were diagnosed as hypertension. On one hand, SLE can serve as a motivator for adopting healthier behavior, as individuals may take proactive measures to counteract the potentially life-threatening effects of hypertension. However, it is important to consider that studies have also shown that a better SLE correlates with better overall health outcomes (22) since it could promote mental health (23). Given that controlled hypertension is not life-threatening, it is important to address and potentially change older adults’ perception of their health status. This suggests that assisting individuals diagnosed with hypertension in developing an accurate perception of their health condition can facilitate the promotion of improved health outcomes.

Furthermore, one group of older adults that requires our attention is those who had measured high blood pressure but did not have diagnosed hypertension. We found that 14.5 and 11.3% older adults in 2013 and 2015, respectively, fell into this category. These individuals had the highest subjective life expectancy but exhibited the worst health behaviors. These findings suggest that individuals with measured hypertension may have a sense of well-being and may be less motivated to change unhealthy behaviors. Their unawareness or refusal to acknowledge their hypertension status puts them at high risk for uncontrolled hypertension (24) and hypertension related diseases, such as cardiovascular (25) and cerebrovascular disease (26), and potentially generates significant health burden in the future (27). Therefore, it is important to address this issue and provide support and education to encourage healthier behaviors among individuals with measured hypertension, as maintaining healthy habits is crucial for long-term health outcomes.


Limitations and future directions

It is important to acknowledge several limitations of this study. Firstly, despite utilizing a longitudinal dataset, it is crucial to recognize that as an observational study, definitive causal relationships cannot be established. Therefore, the possible of reverse causality cannot be completely eliminated. Second, our understanding of participants’ blood pressure is constrained by the reliance on average values obtained from three measurements taken during a single interview, potentially introducing measurement bias. Third, there is a lack of information regarding why individuals may fail to recognize their hypertension status. Considering the positive impact of raising awareness about hypertension and its associated risks on fostering healthier behaviors, future research should explore barriers hindering individuals from acknowledge their disease status. Additionally, our understanding of patients’ medication usage relies on their response to a single survey question, which only asks whether they are taking medication without specifying the names of the medications. This may not accurately reflect whether patients are taking the correct antihypertensive medications. Future research should assess medication usage in more detail to obtain more accurate results.

Furthermore, considering that a significant proportion of individuals diagnosed with hypertension fail achieve blood pressure control, despite the availability of evidence-based interventions, a shift toward implementation science is warranted. Through rigorous implementation science methodologies, future research is expected to bridge the gap between knowledge and action, ultimately improving hypertension management and reducing associated health risks.




Conclusion

This study reveals the potential impact of a hypertension diagnosis on life expectancy (SLE), suggesting a link between hypertension diagnosis and lower SLE, as well as their role in promoting healthier behaviors. Individuals diagnosed with hypertension tend to have lower SLE, even with controlled blood pressure. Providing health education to ease anxiety about hypertension is crucial, as individuals can manage the condition effectively. Our research also highlights proactive behavior among those diagnosed with hypertension, emphasizing the need to enhance their understanding of health risks. Moreover, individuals with measured hypertension often lack awareness and engage in unhealthy behaviors, similar to those diagnosed but with abnormal blood pressure. Enhancing awareness and promoting healthier behaviors are critical for comprehensive health promotion strategies to combat hypertension and its risks.
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Objective: This study aimed to update baseline data on monkeypox (mpox)-related knowledge and vaccination willingness among human immunodeficiency virus (HIV) diagnosed and suspected males.
Methods: The cross-sectional survey was conducted in Changsha, a provincial capital in China, during 5 JULY to 5 SEPTEMBER 2023. Among the three study groups, the participants in the “previously diagnosed” group were recruited from a cohort of HIV-infected patients. The “newly diagnosed” and the “suspected” groups were recruited from the outpatients and grouped according to their confirmatory test results. The the exploratory factor analysis was firstly applied to capture the latent structure of participants’ response to the questionnaire about monkeypox. The component and factor scores were compared between groups using the Kruskal-Wallis H tests. The chi-square test was then used to assess the difference of mpox vaccination willingness between MSM and non-MSM in each group. Finally, multivariate logistic regression analysis was performed to identify the determinants of vaccination willingness.
Results: A total of 481 males were included in the final analysis. The results revealed that there was a gap in knowledge about monkeypox between the three participant groups. The vaccination willingness rate of HIV-infected participants was above 90%, while the rate in the HIV-suspected group was 72.60%. Multivariate logistic regression analysis revealed that the previously diagnosed group (adjusted odds ratio [aOR] = 0.314, 95% confidence interval [CI]: 0.105–0.940) and the suspected group (aOR = 0.111, 95% CI: 0.034–0.363) had a lower level of vaccination willingness and they were referred to the newly diagnosed group. Participants in the age groups ranging 25–34 (aOR = 0.287, 95% CI: 0.086–0.959) and 35–44 (aOR = 0.136, 95% CI: 0.039–0.478) years showed a lower level of vaccination willingness, referred to the 15–24 year age group. A better knowledge about monkeypox was associated with a higher level of vaccination willingness (aOR = 1.701, 95% CI: 1.165–2.483). Additionally, a considerable percentage of heterosexual individuals in each group indicated their acceptance of monkeypox vaccines.
Conclusion: An overall high level of vaccination willingness was observed among HIV-infected and-suspected male individuals with disparities noted among those with different HIV infection status, knowledge levels of monkeypox, and age. Addressing the existing knowledge gap and engaging people with persistent risks—regardless of their sexual orientation—for a timely HIV diagnosis may facilitate vaccine-based mitigation measures against monkeypox.
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1 Introduction

Monkeypox (mpox) is caused by an orthopoxvirus which is similar to smallpox. The virus is symptomatic in the majority of the cases and is characterized by a vesicular rash (1, 2). Prior to 2022, the documented mpox cases outside of Africa had a history of either traveling to the endemic region or having contact with infected animals (2, 3), with no or very limited subsequent human-to-human transmission. However, an unexpected mpox pandemic occurred in 2022 and then spread worldwide rapidly within a year. During the 2022–2023 mpox pandemic, men under the category ‘men who have sex with men’ (MSM) were disproportionately affected, whereas male-to-male sexual contacts were not seen as a dominant transmission route of mpox prior to 2022 (2).

Worldwide, MSM are also at high risk for human immunodeficiency virus (HIV) infection, with acquisition risk 26 times higher than the general population (4). Literature from multiple countries revealed that approximately 40% of mpox cases tested positive for HIV in the recent wave of mpox pandemic (5), and the proportion that HIV-positive males considered in the reported mpox cases was higher than the prevalence of HIV in MSM, implying that people living with HIV (PLHIV) were overrepresented among mpox cases (6–8). Apart from the overlapping at-risk population and a high prevalence of HIV co-infection, mpox also intersected with HIV in clinic treatment (5). For individuals with uncontrolled HIV viral loads, mpox could present a more severe or chronic illness (5, 9). Furthermore, PLHIV coinfected with mpox are more likely subject to dual stigma and higher levels of stress, which may worsen their mental health and clinical outcomes, and impede them from accessing mpox testing, treatment, and vaccination (10–13).

Unfortunately, the current public reporting on mpox has reinforced the stereotypes of “homosexual infection” and exacerbated information barriers (10, 11, 14). Lessons should be learned from HIV/AIDS which is also labeled as a “gay infection” in the early stages. More recently, the epidemiology of HIV infection has changed, and sexual transmission through heterosexuality has begun to predominate in some parts of China. The latest reports on the 2024 outbreak of mpox have shown a similar sign: a broader demographic was affected via heterosexual intimate or sexual contact (15). Therefore, it is to be emphasized that the risk of contracting mpox is not limited to MSM, and any person with multiple or new sexual partners is also at risk (16). Without efficient prevention and control measures, there is a possibility of a sustained spillover of the mpox epidemic to the general population, affecting vulnerable groups, such as untreated PLHIV, older adults, immunocompromised individuals, young children, and pregnant women (17, 18).

Considering the aforementioned information, PLHIV and key populations at increased risk of HIV/sexually transmitted infections (STIs) should be valued in preventing mpox virus spillovers, and opportunities should be identified to mitigate the unfavorable impacts of the mpox epidemic on their health (19). First and foremost, promoting an unbiased understanding of mpox infection among the stakeholders can reduce panic and motivate them to adopt preventive behaviors during the epidemic (20). More importantly, pre-exposure prophylactic vaccination should be encouraged for eligible populations to curtail the further spread of mpox (21). Although, currently, there is no mpox-specific vaccine, various generations of smallpox vaccines have been used to protect individuals against mpox due to their cross-immunity to mpox (22). With two doses on a 4-week schedule, the third generation of Modified Vaccinia Ankara live-attenuated vaccine, Bavarian Nordic A/S, Denmark is predicted to provide 71.8% protection against mpox after 2 years (22). MVA-BN shows promising safety and efficacy for PLHIV and is recommended for mpox prevention in many countries, including the UK, Europe, and the USA (18, 23, 56–58). Currently, mpox vaccines are not available in China. Still, it is worth studying vaccination willingness and its determinants among potential target populations to better prepare for the vaccine roll-out in the future. In China, the majority of the existing studies have focused on the vaccination willingness of MSM (with and/or without HIV) on a self-reported basis (24–28); information is limited about people infected with and/or suspected of HIV regardless of gender or sexual orientation. In the context of highly interconnected sexual networks shared by the transmission of HIV/STIs and mpox, louder voices are evident that mpox vaccination should be accessible for anyone who can benefit from it, with a diversity of gender and sexual identity, to achieve a substantial vaccination coverage for cost-effectively decreasing the spread of mpox (18, 19, 29–31). This primary study extended the scope of discussion to HIV-diagnosed and-suspected males without restrictions on self-reported sexual orientation, which brings out two significant tasks: investigating the knowledge gap of mpox and exploring the potential influencing factors of vaccination willingness against mpox among the populations of interest. We foresee this study can update the baseline for addressing the potential disparities in mpox-related health education and the upcoming roll-out of mpox vaccines in China.



2 Methods


2.1 Design

This study was conducted in Changsha, a provincial city in China with a population of 1,042 million. It started on 5 July 2023 (briefly after the official announcement of the first mpox case in Changsha) and ended on 5 September 2023. As shown in Figure 1A, we adopted the convenience sampling method combining online and field recruitment. Any confirmed and probable cases of mpox were excluded from the recruitment. The first source was obtained through online interviews from a cohort of PLHIV who had received the HIV case management jointly initiated by the local Centers for Disease Control and Prevention (CDC) and antiretroviral therapy (ART) clinics. The CDC interviewers ensured the eligibility criteria by checking digital health records in the recent follow-up visits, including males of age 15 years and above, CD4 cell counts greater than 350/μl, and not inpatients. Finally, 294 people submitted the survey and were labelled a previously diagnosed group. The remainder of the participants were recruited from the outpatient clinic in the municipal centre of the CDC (where a designated HIV confirmatory laboratory is located, offering free confirmatory antibody tests to people with possible HIV exposure). During the data collection period, all male visitors (of age 15 years and above) who consulted about an HIV antibody test were invited to participate. A total of 187 males consented to fill out the survey before taking a test. According to Chinese Guidelines for the Diagnosis and Treatment of HIV/AIDS, the reactive samples in screen tests (test 1 [T1]) are not reported as positive and should be subjected to the following: retesting (test 2 [T2]) and further supplementary testing (test 3 [T3]) before being diagnosed as HIV positive (32). The test takers were further divided into the newly diagnosed (114 people, HIV positive in T3) and the suspected (73 people, HIV negative in T1/T2/T3 or inconclusive in T3 or declined to test finally) groups according to their test results.

[image: Flowchart and box plots analyzing HIV diagnosis data.   (A) The flowchart shows three groups: previously diagnosed males (294 before 05/07/2023), newly diagnosed males (114 confirmed HIV positive from 187 recruited), and suspected group (73 with negative/inconclusive results or declined testing).   (B) Box plots for Factor 1 to Factor 4 with p-values indicating significance in data comparisons among groups. Previously diagnosed, newly diagnosed, and suspected groups are represented in different colors.  (C) Component Score box plot with significance levels among groups.]

FIGURE 1
 (A) The workflow of the participant recruitment; (B,C) The comparisons of the component score and the factor scores between participant groups. The p-values were acquired by the Kruskal–Wallis H tests.




2.2 Ethical consideration

The study protocol was approved by the Ethics Committee of the Municipal Changsha Center for Disease Control and Prevention (CSCDC). Before the survey, the interviewers explained to the participants about the study’s aims, contents, the potential benefits and dangers of participating in the study, and the participants’ rights. This information was prompted at the beginning of the digitalised questionnaire to ensure that potential participants were sufficiently informed, and the survey submission was regarded as implied consent to participate. The submitted questionnaires, which could be exclusively accessed by the data analyst, were anonymised and saved in the digital storage device secured by a password.



2.3 Statistical analysis

The participants used smartphones to access the digitalised survey comprised of three parts: sociodemographics; mpox awareness and related knowledge; sexualities; and mpox vaccination willingness. The instrument for evaluating mpox-related knowledge is a 15-item questionnaire (for details, see Table 1). For each item, the response of “yes” was scored as 1, and the reactions of “no” and “I do not know” were scored as 0. The item scores were added to give a sum ranging from 0 to 15. A training dataset on 100 respondents indicated the feasibility of the factor analysis and an overall Cronbach’s α of 0.845 (33). In the formal survey, the exploratory factor analysis (EFA) helped us gather valuable information about the interrelationships of the instrument items (34). Kaiser’s criterion and scree plot were examined to determine the number of factors to be extracted. The varimax orthogonal factor rotation was used to minimize the number of variables with high loadings on each factor. The Kruskal–Wallis H tests were applied to compare the component and factor scores between different participant groups. The chi-square test was used to assess the difference in mpox vaccination willingness between MSM and non-MSM in each group. The variance inflation factor (VIF) was introduced as a multicollinearity diagnosis for the variables to be studied, and we adopted a cutoff value of VIF < 2.5 for selecting variables to enter the logistic regression analysis (35). Finally, multivariate logistic regression was performed to identify determinants of vaccination willingness. All p-values were set at <0.05 for statistical significance. SPSS Version 29.0, IBM Corporation, USA. GraphPad Prism Version 9.5.1, GraphPad Software, LLC, USA.



TABLE 1 The matrix of factor loadings, proportion variance and cumulative variance after orthogonal rotation1.
[image: Table displaying 15 items related to mpox, each rated for four factors. Bold values indicate significant factor loading above 0.4. Factor 1 is most significant for weakened immune systems and HIV risk, Factor 2 for genital rashes, and Factors 3 and 4 for mouth sores and recovery without treatment. Cumulative variance percentages for each factor are provided at the bottom, with explanations in footnotes.]




3 Results

Sociodemographic information is listed in Table 2. The majority of participants in each group were those aged below 35 years, held a college degree or higher, were employed full-time, and were not married. The answers to five sexuality questions are listed in Table 2. MSM (those whose sexual orientation was reported as gay and bisexual) were responsible for a larger part either in the previously diagnosed (84.70%) or newly diagnosed (73.68%) groups, contrary to the suspected group where heterosexual men predominated (69.86%). Males who had ever used condoms inconsistently in the preceding year made up 78.07% of the newly diagnosed group, much higher than the percentages of the previously diagnosed (44.90%) and the suspected (34.25%) groups. Over one-third of the previously diagnosed and newly diagnosed groups had experienced chemsex (including both legal and illegal use of sexual stimulants, such as Viagra, Cialis, rush poppers, and amyl nitrite) in the past year, and more than 20% of them had same-sex behavior in the past 1 month. Meanwhile, recent casual sex (including commercial sex and group sex) saw the highest level among the suspected ones (21.92%).



TABLE 2 Sociodemographic and mpox-related characteristics.
[image: Table displaying demographic and behavioral variables across three groups: previously diagnosed, newly diagnosed, and suspected. It includes categories such as age, education, marital status, employment, sexual orientation, condom use, awareness of the mpox epidemic, and willingness to vaccinate, with numbers and percentages for each category.]

People with awareness of the mpox epidemic in China had the largest share in the previously diagnosed group, at 84.01%, followed by the newly diagnosed group, at 67.54%, and the suspected group, at 38.36%. People who considered their risk of contracting mpox to be moderate and higher accounted for 46.59 and 42.11% of the previously diagnosed and newly diagnosed HIV-infected persons, respectively. Meanwhile, 23.19% of the participants of the suspected group assessed their infection risk as moderate or higher. Over 90% of HIV-infected persons expressed their vaccination willingness, displaying a higher level than the suspected people, 72.60% of whom opted “yes” to this question. MSM had a stronger vaccination willingness than non-MSM in the newly diagnosed group (98.82% vs. 86.67%, p = 0.005). In comparison, no statistical difference was in the previously diagnosed group (91.97% vs. 88.89%, p = 0.496) and the suspected group (77.27% vs. 70.60%, p-value: 0.557).

Table 1 demonstrates that four main factors were recommended by the scree plot for EFA and explained 63.277% of the variance on instrument items. Factor 1 was responsible for 24.70% of the total variance, containing 6 items, namely, a rash on the face, chest, and palms; the mode of sexual transmission; and the at-risk populations (MSM, PLHIV, sex workers, and immunocompromised people) had higher loadings. Three items on other common symptoms had higher loadings on Factor 2, which explained 16.14% of the total variance. Four items investigating the general susceptibility and the rest of the documented transmission modes contributed to 13.170% of the total variance on Factor 3. Finally, 8.74% of the total variance was seen in Factor 4 where 2 items about the prognosis had the higher loadings.

The component score and the factor scores between participant groups are compared as shown in Figures 1B,C. Statistical significance of the Kruskal–Wallis H tests was found in the scores of the component, Factor 1, and Factor 3 (p < 0.001). The median of the component score was highest in the previously diagnosed group, followed by the newly diagnosed and the suspected groups. The three groups had the same ranks in comparing the median of Factor 1 score. In terms of the Factor 3 score, the median of the previously diagnosed group was higher than that of the newly diagnosed and the suspected groups. At the same time, there was no statistical significance between the newly diagnosed and the suspected groups’ participants.

A total of 15 variables, including infected group, age group, education level, marital status, employment status, sexual orientation, condom use, chemsex, recent same-sex behavior, casual sex, self-assessed risk, and Factors 1–4 scores, were examined using the VIF, with the results ranging from 1.041 to 2.298, indicating a tolerant multicollinearity consideration. As such, they all entered multivariate logistic regression. As listed in Table 3, three variables had statistical significance (p < 0.05) in the final model: participant group, age category, and mpox knowledge. Referring to the newly diagnosed group, the previously diagnosed group (aOR = 0.314, 95% CI: 0.105–0.940) and the suspected group (aOR = 0.111, 95% CI: 0.034–0.363) had lower odds of vaccination willingness. The participants aged between 25 and 34 (aOR = 0.287, 95% CI: 0.086–0.959) and 35–44 (aOR = 0.136, 95% CI: 0.039–0.478) years had lower odds of vaccination willingness in comparison with the participants in 15–24 age category. A higher score in Factor 1 predicted higher odds of vaccination willingness (aOR = 1.701, 95% CI: 1.165–2.483).



TABLE 3 Multivariate logistic stepwise regression of vaccination willingness1.
[image: A statistical table presents variables, coefficients (B), standard error (SE), Wald Chi-square, p-values, odds ratio (OR), and 95% confidence intervals (CI) for various participant characteristics. Participant group, age category, education level, marital status, employment status, sexual orientation, and behaviors are analyzed. Significant values are bolded, indicating certain factors significantly impact the outcome. This data assesses relationships between participant demographics and behaviors with a particular focus on medical or social research implications.]



4 Discussion

This study provided preliminary insights into the knowledge gap of mpox and the possible determinates of vaccine willingness among males living with or at increased risk of HIV during the 2022–2023 mpox pandemic in Changsha. Significant findings are as follows: (1) over 90% of HIV-infected participants were willing to vaccinate for mpox, with a higher level in the newly diagnosed cases; (2) the vaccination willingness level in the HIV-suspected males was above 70%, lower than that in the newly diagnosed patients; (3) a better grasp of key points concerning mpox knowledge (Factor 1) predicted a higher level of vaccination willingness; (4) participants aged between 25 and 44 years were less likely to accept mpox vaccines than the youngest ones; (5) a considerate percentage of heterosexual persons in each group also expressed their acceptance for mpox vaccines; (6) a disparity of mpox knowledge level existed between the three participant groups.

We found a very high level of willingness to vaccinate against mpox in HIV-infected males regardless of sexual orientation. Our findings are on the upper end of homogeneous studies where the levels of mpox vaccine uptake or vaccination willingness were reported in a range of 56.8 to 91.7% among at-risk populations in China (24–27, 36). In a publication issued by China CDC Weekly, 78.9% of the under-treated HIV-infected persons with diverse gender and sexual identity were willing to vaccinate in Beijing (36). In our study, the higher level of willingness rates can be partly ascribed to the male-focused design with recruitment of newly confirmed HIV cases who had not been referred to ART treatment and healthcare. These new cases displayed a stronger vaccination willingness than the previously diagnosed patients in our study. A similar finding from a survey of PLHIV in Washington, DC, USA showed that respondents with a recent HIV diagnosis were more likely to be vaccinated for mpox (29).

We also found that newly diagnosed cases were more likely to be vaccinated for mpox than the suspected group’s participants. A possible reason is that these new HIV-infected persons, compared to the suspected ones, had a higher level of previous engagement in high-risk sexuality (e.g., same-sex behavior, inconsistent condom use, and chemsex), and had been more likely to perceive their seroconversion, making them more worried about their vulnerabilities in the mpox epidemic (12, 29). Similarly, Yuwei Li et al. found that MSM with self-reported HIV infection were more prone to vaccine uptake (27). It was noteworthy that, in China, approximately 30% of HIV-infected people were not knowing their status in China (37). For the HIV-suspected people, some were not entirely excluded from HIV infection considering the antibody-negative “window period” or the depletion of antibodies caused by severe immunosuppression (HIV nucleic acid amplification testing can be recommended in these cases) (38, 39). More crucially, frequent HIV tests may indicate a persistent risk for HIV/STIs as well as mpox infection (30, 40). Moreover, STIs and mpox can afflict users of postexposure prophylaxis (PEP) and pre-exposure prophylaxis (PrEP) despite HIV negativity (41). Healthcare providers should engage at-risk populations to adopt risk reduction behaviors and adhere to HIV and STIs (including mpox) testing for a timely medical care. They should also provide quality information about mpox and vaccination to encourage vaccine acceptance in the future vaccination promotion campaigns.

In addition, our results demonstrated that an increased knowledge of mpox predicted a raised level of vaccination willingness in participants, consistent with previous studies (24, 26, 42, 43). However, the statistical significance was only seen with an increase in Factor 1. The first subdomain had the highest correlations with the updated features of epidemiology in the 2022–2023 mpox pandemic. Since mpox has intersected with HIV, according to multiple scientific research reports; public health guidance and messaging; and social media (5, 6, 8, 10, 14, 40), MSM, PLHIV, sex workers, and immunocompromised people are recommended to vaccinate against mpox in multiple regions (13). It is not surprising that an improved knowledge of the intersection between HIV and mpox can make people living with or at risk of HIV better understand the importance of vaccinating for mpox.

Furthermore, we found that willingness to get vaccinated was related to age category, which aligns with several publications (26, 29, 42). However, our analysis did not support a statistical significance in terms of educational levels, sexual orientation/identities, high-risk sexual practices, and perceived risks of mpox infection, which had been reported as the determinants of mpox vaccine uptake or vaccination willingness among at-risk populations in other homogenous studies (25, 29–31, 44). Nevertheless, these studies mainly targeted MSM with a self-reported nature and the results varied across regions and survey periods. We surveyed HIV-infected and-suspected males without restrictions on self-reported sexual orientations and found that a considerable number of heterosexual men in each participant group also expressed their willingness to get inoculated. There was a possibility that the intersection of mpox and HIV raised a health concern among heterosexual persons who had multiple sex partners, making them feel a need to receive mpox vaccines. Meanwhile, we should also consider the high occurrence of MSM’s concealing same-sex behaviors to healthcare providers in China (45, 46). Existing evidence suggested that concealers were more likely to be MSM who were less experienced in HIV testing, had lower self-perceived risk of HIV infection, and had not received HIV-related medical care (46–48). Notably, closeting about sexual orientation can undermine healthcare service utilization, such as STI screening, vaccine uptake, and preventive information seeking (11, 45). Therefore, we believe that the expanded vaccine eligibility for both HIV-infected and-suspected persons inclusive of diverse sexual orientation should be considered and carefully assessed in the development of the vaccination and immunization guidelines for fostering high efficacy of mitigation measures against mpox (29).

The previously diagnosed HIV-infected persons had a better understanding of mpox, including the highest awareness rate of the domestic mpox pandemic and a similar result was reported in an MSM-targeted study (49). It may be primarily contributed to HIV-related healthcare which offered regular health education on coinfection prevention to the diagnosed patients (49). Moreover, a previous HIV diagnosis may have raised their awareness of HIV-related illness (50, 51) and motivated them to use patient peer networks and search engines to gain mpox knowledge (49). A Baidu-index-based study in mainland China indicated that provinces with higher HIV/AIDS incidence had more online search activity related to mpox (52).

Interestingly, in the EFA of mpox knowledge, a skin rash on the face, chest, and palms was most correlated to the items about the updated epidemiological intersection of HIV and mpox. The correlation may reflect a lag in updating public health guidance and messaging on the changes in clinical manifestations. The most prominent symptom of mpox is the typical vesicular rash, based on which a test for mpox virus is recommended (2). In the records before 2022, mpox rash usually started in the face, hands, or feet before spreading to other parts of the body (1), whereas, in the 2022–2023 mpox pandemic, skin lesions predominantly appear on the genital or perianal area (suggesting direct inoculation in sexual contacts), sometimes without preceding prodrome symptoms, and less typical at the beginning, behaving like an STI (2, 18). Failure to understand that mpox can mimic a common STI (e.g., herpes and syphilis) can pose challenges to timely diagnosis because of the diminished suspicion in self-monitoring (53). Moreover, worries over the visibility of symptoms may increase as skin eruptions are mistakenly believed to appear more often in the exposed parts of the body (11, 12). We believe that filling the gap in clinical presentation in public health guidance and messaging has significant implications for guiding at-risk populations in self-monitoring and reducing worries.

There were several limitations to this study. Firstly, our design used a convenient sampling and failed to survey the previously diagnosed HIV-infected persons who had dropped out from the follow-up visits and individuals who refused to participate. Also, the survey was based on self-reports, so there may be recall bias and underpotted involvement in unsafe sexual practices. In addition, the high-risk behaviors were not assessed by frequency, degree, and subcategory, so we were unable to grade the risk of exposure further. Another limitation involves that the newly diagnosed and the suspected group’s participants were recruited from a single center, which may raise a concern about the generalizability of the results. Nevertheless, the municipal centre of the CDC was one of two health institutions authorised to conduct HIV confirmatory antibody tests in Changsha (the only test which was available free of charge for the participants). Additionally, this survey is observational in nature, so there was no causality established. The survey time was carried out when mpox pandemic hit China; these results may change as the pandemic is controlled. Finally, the self-reported data on other STIs were not included in the design. We made this choice mainly due to two reasons. First, HIV/AIDS is distinct from other STIs in terms of etiology, treatments and management, and long-term effects. In this study, we prioritized the intersection of HIV/AIDS and mpox. Second, HIV/AIDS is a chronic infection without a cure and can be confirmed by laboratory tests; in contrast, the diagnosis of an ongoing STI should consider the clinical manifestations. The municipal centre of the CDC is not qualified to make the diagnosis of other STIs, and we were concerned about the incomparability of the self-reported data on STIs with the laboratory-confirmed HIV infection status.



5 Conclusion

This study is an attempt to identify the knowledge gap of mpox and determine the potential factors influencing vaccination willingness against mpox among males living with or at increased risk of HIV amid the 2022–23 mpox pandemic in Changsha. We found an overall high degree of vaccination willingness among HIV-infected and-suspected males. Notwithstanding, the willingness levels varied with respect to their HIV infection status, understanding of the intersection of HIV and mpox, and age. Healthcare providers should engage the people who have unsafe sex for a timely HIV and STI (including mpox) diagnosis and treatment, raise their awareness of behavioral modification, and encourage mpox vaccination acceptance of those with persistent exposure, regardless of sexual orientation. Our findings also highlighted the importance of eliminating the potential knowledge gap of mpox for better guiding the at-risk populations in self-monitoring and reducing worries in the mpox epidemic.
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Background: The relationship between leisure sedentary behaviors and mental health remains inconclusive. This study aims to provide evidence on leisure sedentary behaviors on mental health using longitudinal data, along with its moderating and mediating roles.
Methods: We utilized data from four waves (2006–2015) of the China Health and Nutrition Survey (CHNS), focusing on adults who completed their education, with a total sample of 23,693 observations. Leisure sedentary time, the independent variable, was measured based on self-reported data, while mental health issues were the dependent variables based on the Simplified Symptom Self-Rating Scale (SCL) and the Perceived Stress Scale (PSS-14). The primary analysis employed ordinary least squares (OLS) regression. Potential endogeneity was addressed by instrumental variable (IV) method via two-stage least squares (2SLS) regression and a continuous difference-in-differences (DID) design.
Results: Our findings indicate that high levels of sedentary time are associated adversely with mental health issues. Moderating roles show that improving health literacy and reducing sedentary time were effective in alleviating this adverse impact. Among older adults, social engagement and support from female caregivers showed greater potential to reduce the detrimental mental health impact of leisure sedentary time. Furthermore, obesity serve as its mediating role.
Conclusion: This study highlights the potential adverse impact of increased leisure sedentary time on mental health among Chinese population. These results provide a foundation for public health initiatives aimed at addressing the rising prevalence of sedentary behavior and its association with mental health issues.
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Introduction

The rapid development of urbanization and technological advancements has led to a significant increase in sedentary behavior. Current estimates suggest that a large proportion of the adult population spends excessive amounts of time being sedentary (1). For example, a European survey reported that over 18% of adults sit for more than 7.5 h per day, with the figure ranging from 9% in Spain to 32% in the Netherlands (2). Similarly, Chinese adults spend an average of 8.5 h per day engaged in sedentary activities (3). As a result, the phrase “sitting is the new smoking” has been popularized in the media to highlight the growing epidemic across many nations (4). The relationship between sedentary behavior and physical health is well-established as the lack of utilization of body systems during sedentary time arguably leads to metabolic, hormonal, and muscular imbalances, which may attenuate the anti-inflammatory effects triggered by human musculature and promote systemic dysfunction (5). However, studies examining the relationship between sedentary behavior and mental health have produced inconsistent findings, despite extensive research on the topic (6, 7).

In addition to the prevalence of sedentary behaviors, there are several reasons to conduct a comprehensive investigation of how sedentary behavior affects mental health. First, inconsistent findings across studies hinder a clear understanding of this relationship. As noted by Higgins et al. (8) research on sedentary behavior is still in its early stages and requires broad inclusion criteria, especially longitudinal study (9). Second, according to the Report on the Development of Chinese National Mental Health (2019–2020), 12–20% of Chinese residents experience poor mental health (10). Unfortunately, a significant proportion of those with mental health issues do not receive the treatment they need (11), especially the impact of lifestyle habits on mental health is becoming increasingly important (12). Third, mental health strongly predicts self-rated health, surpassing physical health in its influence (13). Understanding mental health is, therefore, essential for improving overall wellbeing. Forth, leisure sedentary time is more random than occupational sedentary time, making it easier to detect statistically significant and reliable results.

Previous studies have revealed the relationship between lifestyle habits and mental health. A growing body of research highlights the influence of behaviors such as smoking, and alcohol consumption impact mental health (14). For example, studies point to the fact that smoking is a likely causal risk factor in the development of mental health issues (15). In addition, alcohol consumption is closely associated with the prevalence of depression (16). In particular, long-term heavy drinking can have serious emotional impacts and adverse consequences, including intentional self-harm and even suicide (17). Other factors, such as insufficient sleep, physical activity, and nutrition, also affect mental health (18). Insufficient sleep not only exacerbates mental health issues but may also interact with sedentary behavior, amplifying negative effects on inflammatory markers and psychophysiological health (19, 20). Additionally, research also suggests that physical activity and nutrition have a combined impact on mental health (21).

Regarding sedentary behavior, most studies suggest a correlation between prolonged sedentary time, particularly leisure-time screen use, and poorer mental health outcomes (22). For example, a large-scale study found that sedentary behavior increases the long-term risk of mental health disorders (23). Evidence links higher sedentary time with issues like depression and sadness, particularly when screen use is involved (24). Additionally, two Chinese studies using the CHNS data in 2015 and find increasing the time spent on leisure-time sedentary behavior is linked to lower perceived stress levels (25, 26). However, many of these studies are cross-sectional, limiting causal inferences (9). A longitudinal study following participants for seven years found that increased TV viewing heightened the odds of developing depressive symptoms, particularly among young men (27).

Contrary to this majority, some studies report no association between sedentary behavior and mental health, especially when accelerometer-based measurements are used (28, 29). Additionally, certain studies have found that TV viewing may have a positive role in mental wellbeing by fulfilling social, emotional, and informational needs, particularly during crises such as the COVID-19 pandemic (30). Despite these inconsistencies, the majority of evidence suggests that prolonged sedentary time is associated with an increased risk of mental health issues. Therefore, we propose the following hypothesis:

	Hypothesis 1: Prolonged sedentary time is associated with a higher risk of mental health issues.

The relationship between sedentary behavior and mental health may be moderated by health literacy and efforts to reduce sedentary time. Health literacy, defined as the ability to obtain, process, and understand basic health information, significantly influences health outcomes. Higher health literacy can reduce psychological and social dysfunction and promote healthier lifestyles, including less sedentary behavior (31, 32). In addition, reducing or interrupting prolonged sitting is also a practical strategy for mitigating its negative effects. The World Health Organization (WHO) recommends minimizing sedentary time and incorporating regular interruptions (33), such as standing breaks during TV viewing or workplace strategies like walking meetings (34, 35). Based on the previous discussions, we propose the following hypothesis to examine moderating role:

	Hypothesis 2a: Health literacy could diminish the negative effect of prolonged leisure sedentary time on mental health.
	Hypothesis 2b: Reducing sedentary time could diminish the negative effect of prolonged leisure sedentary time on mental health.

The aging process brings physical and mental changes that profoundly affect quality of life. Older adults, who spend more time sitting and experience higher rates of mental health disorders, are particularly vulnerable (36, 37). In Chinese culture, where family is central (38), family caring and interactions may help mitigate the adverse effects of sedentary behavior on mental health (39). First, caring for elderly family members has been an essential function of families for centuries and is a moral requirement for adult children in some societies where family-oriented norms and values prevail (40). Beyond spouses, children—typically daughters—are the most common informal caregivers (41) as societal expectations and gender norms (42, 43). For instance, Zhao et al. (44) found that families with daughters tend to provide higher-quality informal care than those with sons, particularly for older adults with greater care needs. Second, older adults with stronger social interactions have an increased likelihood of better health and higher increase in mental wellbeing than the socially disengaged (45). Social interactions might encourage people to adopt healthy behaviors, such as various physical activities, that benefit their mental health (46, 47), and social interactions might enhance the diffusion of health-related information by encouraging social interaction among neighbors (46, 48). Based on the previous discussions and analyses, we propose the following hypothesis to examine moderating role:

Hypothesis 3a: Female caregivers are more likely to diminish the negative effect of prolonged leisure sedentary time on mental health.

	Hypothesis 3b: Social interaction could diminish the negative effect of prolonged leisure sedentary time on mental health.

After discussing the moderating roles between sedentary time and mental health, we turn our focus on mediating role. Sedentary behavior may indirectly affect mental health through obesity as sedentary activities are low-energy activity (49). Additionally, obesity, biologically, is associated with chronic low-grade inflammation in peripheral tissues (50), thereby leading to depression (51). Based on the previous discussions and analyses, we propose the following hypotheses:

	Hypothesis 4: Obesity mediates the relationship between sedentary behavior and mental health.

In summary, this paper examines the relationship between leisure sedentary time and mental health using representative longitudinal data. In addition, to further understand this relationship, we also explore both moderating and mediating effects.



Data and empirical strategy


Data

The China Health and Nutrition Survey (CHNS) is an ongoing large-scale study aimed at determining how China's social and economic development affects the health and nutritional status of the country's population. It is conducted by the Carolina Population Center at the University of North Carolina in Chapel Hill and the National Institute for Nutrition and Health (formerly the National Institute of Nutrition and Food Safety) at the Chinese Center for Disease Control and Prevention. A multistage, random cluster process was used to draw a sample of ~7,200 households comprising more than 30,000 individuals across 15 provinces and municipal cities. The CHNS data-collection rounds were completed in 1989, 1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011, and 2015. Our analysis draws on four waves-2006, 2009, 2011, and 2015—during which data on mental health issues and sedentary behavior were available. We focus on adults who have completed their formal education, resulting in a total of 23,693 observations.



Variables
 
Mental health issues

The CHNS collected two mental health scales across different years: the Simplified Symptom Self-Rating Scale (SCL) in 2006, 2009, 2011, and 2015 for individuals aged 45 and older, and the Perceived Stress Scale (PSS-14) in 2015 for all adults. To create comprehensive mental health measures, we combined scores from both the SCL and PSS-14 and then standardized them to a mean of zero and a standard deviation of one. Those two metrics were used as dependent variables in our main regressions.

Psychological wellbeing (PWB) is an essential and integral component of health, which is related to cognitive function, social relationships and health status and is a combination of feeling good and effective functioning (52). The PWB was measured by asking participants to answer three questions: “I have as much energy as I had in last year”; “I am as happy now as when I was younger”; “As I get older, things are better than I thought they would be.” Responses were scored on a five-point scale (1–5). To align with the trend of PSS-14, reverse scoring was applied, where higher scores indicate more frequent depressive symptoms and poorer mental health.

Can this newly constructed indicator reflect an individual's mental health relatively accurately? From the content point of view, the first question reflects the individual's health status and is a simplified index of somatization in SCL-90 (mainly reflecting subjective physical discomfort). The second question reflects the individual's psychological state and is a simplified measure of depression, anxiety, hostility, and terror in SCL-90. The third question is the individual's perceptions and attitudes toward the world around them, which is a broader indicator. Therefore, these questions are a great simplification of SCL-90 (53). The SCL has been widely used in previous studies [e.g., (53–55)].

Perceived stress is another important mental health indicator, manifesting as tension and discomfort in response to stressful situations or unfavorable life conditions (56). Prior studies have pointed out that perceived stress is positively associated with depression (57) and anxiety (58). In the 2015 wave, the PSS-14 was incorporated into the project for the first time (26). The PSS-14 is a validated questionnaire developed by Cohen et al. (59), and its Chinese version has been validated (60). It aims to measure the degree to which situations in one's life are appraised as stressful, and the items are designed to measure the extent to which one's life is perceived as unpredictable, uncontrollable, and overloading (59). Responses were scored on a 5-point Likert scale from 1 (“never”) to 5 (“very often”). Scores were calculated by reverse-scoring the positively stated items (4, 5, 6, 7, 9, 10, and 13) and summing the 14 items for a total score. Higher scores indicate greater perceived stress.



Leisure sedentary time

Sedentary behavior can be measured using subjective or objective methods. In this study, we use self-reported leisure sedentary time as the independent variable due to data constraints. Over recent decades, the ownership of color televisions and access to cable networks among Chinese households have grown significantly (61). During the survey period, more than 90% of Chinese families owned a television (62), making TV-based leisure sedentary time a valid measure.

The CHNS collects data on leisure sedentary time using a single question. Adult participants were asked, “Do you participate in these sedentary activities?” The listed activities included watching TV, watching videos, and playing video games. Participants then provided details on the time spent on these activities, answering two follow-up questions: “How much time do you spend during Monday to Friday?” and “How much time do you spend during Saturday to Sunday?” From these responses, we calculated the total leisure sedentary time. Studies commonly use non-exercise sitting behaviors, especially screen-based activities, to measure sedentary behavior (63). These measures typically show acceptable reliability and validity (64) and have been widely used in previous studies [e.g., (62, 65)].

In our analysis, we computed the independent variable using Equation 1 and applied winsorization at the 1st and 99th percentiles of the sample distributions. The equation is as follows:

[image: Equation displaying \( x_{\text{fit}} = x(\text{weekday}) \cdot \frac{5}{7} + x(\text{weekend}) \cdot \frac{2}{7} \).]
 

Control variables

Referring to prior population-based studies (66, 67), we control for a comprehensive set of individual-, household-, and macro-level characteristics. First, we include individual and household factors such as marital status, sleep duration, physical activity, smoking status, drinking status, body mass index (BMI), self-reported health status, chronic status, and log-transformed annual household income. Additionally, we account for occupational sedentary time, which significantly affects mental health (68). To address multicollinearity issues, we standardize occupational sedentary time to a mean of zero and a standard deviation of one, given its inverse relationship with leisure sedentary time. Dietary factors are also included, as evidence suggests certain dietary patterns positively impact mental health. A balanced diet, rich in vegetables, fruits, whole grains, seafood, nuts, and moderate amounts of low-fat dairy, red meat, and healthy fats, is associated with better mental health outcomes (69). Moreover, dietary quality has been linked to the presence or progression of depressive symptoms (70). To capture dietary influences, we include variables for dietary preferences, a dietary knowledge index, and key nutritional elements. Dietary preferences are measured using four variables: preference for fast food, salty food, vegetables, and sugary foods, each scored from 1 to 5. Higher scores indicate a stronger preference. The dietary knowledge index, constructed from a rich set of dietary knowledge variables, reflects better dietary understanding, with higher scores indicating greater knowledge1. We also control for average daily intake of dietary fat and protein (in grams), where healthier dietary preferences and a higher dietary knowledge index suggest better dietary patterns and quality. Furthermore, to mitigate omitted variable bias related to genetic predisposition, we control for individual disease diagnoses, including mental health and genetic disorders. At the macro level, we include Urbanization, Economic, Health, and Housing Scores, where higher scores represent better development in these domains. Additionally, longitudinal studies are better to disentangle a temporal relationship between sedentary time and mental health issues (71). Thus, we control for year fixed effect. To address the existence of spatial heterogeneity in mental health issues, we also control for fixed effect at individual-level, household-level, and community-level. Age effects are absorbed by these fixed effects.

Table 1 summarizes the descriptive statistics for the sample. The average aggregated mental health score is 22, with a range from 1 to 78. Participants spend an average of 143 min per day in leisure sedentary activities. The average sleep duration is 7.81 h per day, and the mean BMI is 24, ranging from 13 to 32. Additionally, the proportions of individuals who exercise, smoke, drink alcohol, have chronic diseases, or are diagnosed with mental health or genetic disorders are relatively low, averaging 0.12, 0.31, 0.31, 0.30, and 0.01, respectively. Most participants are married, and the average annual household income is 51,660 yuan. Regarding self-reported health status, the average self-reported health score is 2, suggesting that most individuals perceive their health as good. Regarding dietary patterns and quality, most participants report disliking fast food, salty foods, and desserts, while most favor vegetables. The average dietary knowledge index is 22. Average daily intake of dietary fat and protein is 70 g and 64 g, respectively. For macro-level variables, the average Urbanization, Economic, Health, and Housing Scores are 71, 8, 9, and 6, respectively.


TABLE 1 Summary statistics of key variables.

[image: A table displaying definitions and mean values with standard deviations for various health and lifestyle variables. Outcomes include aggregated and standardized mental health scores. Independent variables and covariates include leisure sedentary time, marital status, sleep time, physical activity, smoking and alcohol status, BMI, self-reported health, chronic diseases, dietary preferences, average dietary intakes, and socioeconomic factors like family income and urbanization index. Each row lists the variable, definition, and the mean with standard deviation in parentheses.]




Baseline model

We choose the ordinary least squares (OLS) method to test the relationship between leisure sedentary time and mental health issue in Hypothesis 1. The equation for the method is as follows (see Equation 2):

[image: Mathematical equation depicting a regression model: Y subscript it equals beta zero plus beta one times S T superscript T thetas subscript it plus beta two times X subscript it plus delta subscript i plus delta subscript t plus delta subscript commid plus tau subscript t plus epsilon subscript it, labeled as equation 2.]

Where Yit is dependent variable for individual i at wave t, and STit represents individual i's leisure sedentary time at wave t. Xit is a set of control variables. δi, δf, and δcommid, represent the fixed effects at individual-level, household-level, and community-level, respectively. τt represents year-fixed effect. β1 is the main coefficient of interest, β1>0 indicates that heightened leisure sedentary time negatively affects mental health issues.



Discussion of endogeneity

Prior studies suggest that inconsistent findings regarding the relationship between sedentary time and mental health may stem from confounding factors, causality issues, and measurement errors (72). This necessitates a comprehensive review of endogeneity concerns.

One potential source of endogeneity, in the context of our study, is omitted variable bias. There are several unobservable factors that are likely to be correlated with both leisure sedentary time and mental health issues and, thus, in a multivariate regression framework, it is difficult to rule out more than one omitted variable, making it impossible to clearly predict the direction of bias. For example, adverse childhood experiences are associated with both higher sedentary behaviors, particularly greater screen time, and worse health conditions (73, 74).

While the fixed effect model is generally known to be effective in addressing omitted variable bias, endogeneity may also emerge from potential measurement error and simultaneity bias. Regarding measurement error bias, previous literature has found that leisure sedentary time was collected through questionnaires, inherently resulting in an underestimation of leisure sedentary time (75). Therefore, [image: Lowercase letter "a" with a circumflex accent above it.] will underestimate β1 if β1 is positive. Concurrently, emerging evidence suggests bidirectional associations between sedentary behaviors and mental health issues (76). Individuals with mental health issues are generally less active, and sedentary behavior increases the risk of mental health issues. Thus, simultaneity bias should be considered.

Good instrumental variables must satisfy two assumptions. The first assumption is that they should be strongly correlated with the variable being instrumented. The second assumption is that the instrumental variables are orthogonal to the outcomes. To meet the above assumptions, this paper employs three instrumental variables.

First, building on Munasib and Bhattacharya (77), we adopt Lewbel's higher-moment approach (78). This method, initially designed for measurement error models, is widely applicable in contexts with general correlated-regressor error and multilevel structures (79). It constructs instrument using the third-order centered moment of leisure sedentary time. By design, this variable is strongly correlated with leisure sedentary time but unlikely to be correlated with mental health issues unless a non-linear relationship exists. This approach has been extensively validated in prior studies [e.g., (80, 81)].

Second, Duflo and Saez suggest using the average exogenous characteristics of group-level variables as instruments for endogenous independent variables (82). Therefore, inspired by the peer group effect theory (83), we employ the average leisure sedentary time in the household of individual i as second instrumental variable (group-level IV). The average leisure sedentary time in the household of individual i is strongly influence individual i's leisure sedentary time under the family norms. However, this variable is unlikely to correlate with individual time-varying unobservable characteristics once fixed effects are accounted for (84).

The third instrument is the number of TV channels available to a household. This variable is exogenous, as the availability of television signals in China is determined by national and local broadcasting authorities. At the same time, it is associated with the amount of time spent watching television, making it a valid instrument for leisure sedentary time.

These IVs collectively address the potential endogeneity issues in the relationship between sedentary time and mental health outcomes.



DID method

Despite we employ instrumental variable method to address endogenous concerns, the results are still affected by unobserved factors. Therefore, we draw from National Digital TV Development Plan as an exogenous variation to examine the effect of leisure sedentary time on mental health issues under the continuous difference-in-differences (DID) method. The logic of DID method is that the prevalence of high-definition digital television after policy greatly affects the screen time, thereby affecting mental health.

To meet the demand for high-definition television broadcasts of the 2008 Beijing Olympics, the State Administration of Radio, Film, and Television (SARFT) accelerated the promotion of high-definition digital television. High-definition TV programming and event broadcasts required compatible digital TV and set-top boxes, which significantly boosted demand for set-top boxes. As early as 2003, SARFT released the Digital TV Development Plan and accelerated its implementation in 2008. The plan mandated that by 2010, the digitalization of cable television networks should be largely completed. This target pushed local television stations to speed up the rollout of digital TV. Meanwhile, SARFT reinforced the requirement for the gradual shutdown of analog television signals in 2008, promoting the replacement of analog TV with digital TV. This policy further drove demand for set-top boxes since consumers needed them to receive digital signals. Financially, to accelerate the adoption of digital TV, some local governments introduced subsidy policies for set-top boxes in 2009. Consumers could receive price discounts when purchasing set-top boxes, which further boosted sales. Considering the timing of the plan, we choose 2009 as the cutoff. The regression framework of the continuous DID design is typical written as Equation 3 as follows.

[image: Equation representing a statistical model: \( Y_{it} = \beta_0 + \beta_1 ST_{i,t} * D_{it} + \beta_2 X_{it} + \delta_i + \delta_t + \delta_{commid} + \tau_t + \epsilon_{it} \).]

Where the dummy variable Dit is equal to 0 for years from 2009 onwards and 1 otherwise, and other specifications are similar to Equation 2.




Results


Baseline results

To examine the relationship between leisure sedentary time and mental health issues, we estimate Equation 2, with results presented in Table 2. Column (1) uses aggregated mental health scores as the dependent variable, while column (2) uses standardized mental health scores. Both coefficients are positive and statistically significant. Specifically, we find that, on average, one additional minute of leisure sedentary time increases aggregated mental health scores by 0.0010 and standardized mental health scores by 0.0001. A back-of-the-envelope calculation indicates that one day of sedentary behavior increases aggregated mental health scores by 0.1430 and standardized scores by 0.0143. These findings suggest a consistent conclusion: increased leisure sedentary time is associated with mental health issues, supporting Hypothesis 1. However, these results should be interpreted cautiously, as the baseline estimation may be affected by endogeneity issues.


TABLE 2 Results of baseline regressions about the impact of leisure sedentary time on mental health issues (OLS).

[image: Table displaying regression coefficients for two mental health models across various characteristics. Categories include individual, life habits, physical index, occupational, dietary, household, and regional characteristics. Significant predictors are marked with asterisks denoting significance levels at ten percent, five percent, and one percent. Fixed-effects, constant values, number of observations, and R-squared values are noted. Coefficients vary, with several significant findings, such as marital status, smoke status, self-reported health, and family income.]

Our analysis also shows that marriage is strongly associated with better mental health. This aligns with existing evidence that marriage improves health through mechanisms such as social support, health behavior regulation, and access to resources that protect health (85). Similarly, physical health, higher family income, and better health scores are positively associated with improved mental health. In contrast, higher housing scores are negatively associated with mental health. One possible explanation is that rapidly rising housing prices in China during the survey period increased stress and mental health risks. Furthermore, individuals diagnosed with mental health issues or genetic disorders tend to report poorer mental health outcomes. Interestingly, we find that smoking is positively associated with mental health. While most studies highlight the adverse impact of smoking on mental health, while some smokers report that smoking helps improve mood, reduce stress, or act as a form of coping (86). We also observe that occupational sedentary time is positively linked to mental health. This may be explained by a shift in sedentary behavior patterns during the survey waves, where leisure sedentary time increased while occupational sedentary time decreased (87). Lastly, dietary characteristics are significantly associated with mental health. For instance, individuals who prefer vegetables tend to have better mental health, while those with a preference for sweets report poorer mental health outcomes.



Instrumental variable results

To alleviate endogenous concerns, Table 3 shows the instrumental variable regression results. Column (3) shows the first-stage IV estimates, indicating a significant positive relationship between the instruments and the endogenous independent variable. The first-stage F-test yields an F-statistic of 1,541, which exceeds the threshold for weak instruments. Additionally, the p-value of the Kleibergen-Paap rk LM statistic is 0.000, indicating that the null hypothesis is rejected, and the instrumental variable passes the unrecognizable test. Concurrently, Sargan test p-values exceed 0.1, confirming the exogeneity of the instrumental variables. Hence, our instrumental variable selection is reasonable. Moving to column (1) and column (2), the result show that the regression coefficients are 0.0017 and 0.0001, respectively, and are significant at the 1% level, which are consistent with the baseline regression. Specially, the coefficients in column (1) and column (2) are larger than those in Table 2, suggesting a potential downward bias in the estimates when endogeneity is not addressed. To examine the valid of Lewbel's IV, Table 4 further reports the results of non-linear relationship between leisure sedentary time and mental health issues. The results show this non-linear relationship is unlikely to be hold, confirming the validity of Lewbel's IV.


TABLE 3 Endogenous test of the effect of leisure sedentary time on mental health issues (IV).

[image: A table presents statistical results for two mental health models and a first-stage analysis. Key variables include sedentary behavior and instrumental variables like Lewbel’s IV and Group-level IV. Significance indicators are asterisks: *** for 1%, ** for 5%, and * for 10%. The models include covariates and fixed effects, with constants and standard errors provided. Observations are 23,693 for both models, with R² values of 0.960. The first-stage F-statistic is 1,541, and various P-values are noted.]


TABLE 4 The non-linear relationship between leisure sedentary time and mental health issues to examine the validity of Lewbel's IV.

[image: Statistical table showing regression results for two mental health models. For "Mental health 1": Sedentary coefficient is -0.0016 (standard error 0.0017), sedentary-squared is 0.0000* (0.0000), constant is 25.7981*** (1.4305), with 23,693 observations and R-squared of 0.960. For "Mental health 2": Sedentary coefficient is -0.0001 (0.0001), sedentary-squared is 0.0000* (0.0000), constant is 0.2369*** (0.0852), with 23,693 observations and R-squared of 0.960. Significance levels are indicated by asterisks. All models include fixed effects and covariates.]



DID method results

Table 5 further presents the results of DID method. The result of the first two columns show that heightened leisure sedentary time is linked with worse mental health issues. Similarity, the coefficients of the first two columns are larger than those in Table 2, suggesting a potential downward bias in the estimates when endogeneity is not addressed. A back-of-the-envelope calculation suggests that one-day sedentary behavior significantly increases in aggregated mental health scores by 0.315 on average, and standardized mental health scores by 0.0143. A basic premise for using the DID model to evaluate policy effects is that the development trends of the explained variables for the treatment and control groups should be consistent before policy implementation in the pilot. In other words, there should be no statistically significant difference between the treatment and control groups before policy implementation. Therefore, it is necessary to conduct a parallel trend test for the DID model. In this study, we use the period prior to policy implementation, specifically 2009, as the reference group. As shown in Column (3), the coefficients of the parallel trend are insignificant before the policy. In 2011, the first period after policy implementation, the coefficients of the parallel trend are insignificant, which may be attributed to policy lag. However, in the second period after policy implementation, namely in 2015, the coefficients of the parallel trend become statistically significant. It indicates that the DID model in this study passes the parallel trend test, thereby validating the regression results presented in Table 5 to some extent.


TABLE 5 Results of DID regressions about the impact of leisure sedentary time on mental health issues.

[image: Table showing regression analysis results for mental health factors. Columns include Mental Health 1, Mental Health 2, and Parallel Trends. Sedentary coefficients are 0.0022 and 0.0001 with standard errors in parentheses. Years listed are 2006, 2009, 2011, and 2015. Covariates and fixed effects are present in all models. Constants are 25.5424 and 0.2217 with standard errors. Observations total 23,693, with an R-squared value of 0.960. Significance levels are indicated by asterisks for 1%, 5%, and 10%.]



Moderating effect

The empirical results show that increased leisure sedentary time negatively impacts mental health. Therefore, mitigating this adverse effect is a critical goal for policy interventions and health-promoting behaviors. In this section, we examine moderating factors that may reduce the negative impact of leisure sedentary time on mental health.

First, we examine the moderating role of health literacy. In doing so, we use two measures: whether individuals are familiar with the Chinese Dietary Guidelines (CDG) and whether they have family members who are medical professionals. Familiarity with the CDG reflects a tendency to seek health-related information, while having medical professionals in the family indicates greater health literacy within the household. Based on that, we divide the sample into two groups: those unfamiliar with the CDG vs. those familiar, and households without medical professionals vs. those with medical professionals. Table 6 presents the results. For individuals unfamiliar with the CDG, the coefficient for leisure sedentary time is significantly positive at the 10% level. In contrast, for those familiar with the CDG, the coefficient is positive but not statistically significant at the 10% level. Similarly, households without medical professionals show a significantly positive coefficient at the 5% level, while households with medical professionals exhibit an insignificant coefficient, despite its larger magnitude. These findings indicate that health literacy moderates the relationship between leisure sedentary time and mental health issues, supporting Hypothesis 2a.


TABLE 6 Moderating effect—health literacy.

[image: Table comparing the dependent variable "Mental health 1" across four scenarios: not knowing CDG, knowing CDG, without medical workers, and having medical workers. Sedentary coefficients are 0.0014*, 0.0013, 0.0016**, and 0.0033, with significance levels indicated. All models include covariates and fixed-effects. Constants are 25.0142***, 31.1075***, 25.7426***, and 34.9139***. Observations range from 1,056 to 22,637. R-squared values are 0.963, 0.982, 0.959, and 0.986. Significance levels: *, **, *** denote 10%, 5%, and 1%, respectively.]

Next, we examine whether reducing prolonged sedentary time improves mental health. We first divide the sample based on the number of accessible TV channels, assuming a correlation between leisure sedentary behavior and television availability. Using the National Digital TV Development Plan as a benchmark, we categorize samples into two groups based on the average number of TV channels before and after 2009 (23 vs. 31 channels). Second, leveraging the longitudinal nature of the CHNS data, we group individuals based on changes in sedentary time over survey years, distinguishing between increased and reduced sedentary time. Table 7 presents the regression results. In the first two columns, households with more TV channels show a stronger negative impact of sedentary time on mental health, reflected by larger coefficients and greater statistical significance. In the last two columns, reduced sedentary time is associated with larger coefficients, though not statistically significant, while increased sedentary time has significant negative effects with a greater magnitude than the baseline regression. These results support Hypothesis 2c.


TABLE 7 Moderating effect—changes in leisure sedentary time.

[image: A table presents statistical results for four scenarios: fewer TV channels, more TV channels, sedentary time decrease, and sedentary time increase. Each column lists values for sedentary, covariates, fixed-effects, constant, observations, and R-squared. The values for sedentary range from 0.0021 to 0.0032, with significance noted. Covariates and fixed-effects are marked as "Yes" for all models. Constants range from 16.6528 to 29.9125. Observations vary from 6,387 to 17,306, and R-squared values span 0.962 to 0.984. Significance levels are indicated with asterisks. The dependent variable is Mental Health 1.]

Finally, we focus on older adults and examine the moderating roles of caregiver gender and social interaction. To investigate Hypothesis 3b, we use the gender composition of caregivers. Older adults are assumed to interact more with female caregivers when daughters constitute the majority of caregivers, as the CHNS does not explicitly ask about the primary caregiver's gender. We also examine the role of urban parks as facilitators of social interaction. Parks provide spaces for physical activity, relaxation, and community engagement, which enhance mental health and wellbeing (88). While beneficial for all age groups, parks hold particular significance for older adults (89). Using the question “Does your house have a park nearby?”, we classify older adults into two groups: those with nearby parks and those without. We hypothesize that proximity to parks promotes social activities, reduces sedentary time, and improves mental health. Table 8 reports the results. In households with predominantly female caregivers, older adults experience fewer mental health issues, as evidenced by smaller coefficients in the first two columns. Regarding social interaction, older adults living near parks exhibit insignificant coefficients, suggesting that social activities mitigate the adverse mental health effects of sedentary behavior. In contrast, individuals without park access show significant and larger coefficients, indicating that limited social interaction exacerbates mental health problems. In summary, these findings support Hypotheses 3a and 3b.


TABLE 8 Moderating effect—older adults' population.

[image: A table compares mental health outcomes based on caregiver type and park proximity. Columns include "Male-dominated caregivers," "Female-dominated caregivers," "Parks are nearby," and "No parks are nearby." It shows coefficients and standard errors for sedentary behavior, covariates, fixed effects, constants, observations, and R-squared values. Significance is indicated at 10%, 5%, and 1% levels. The dependent variable is mental health.]



Mediating effect

The literature suggests that obesity is a potential channel underlying our results. However, it remains necessary to test whether this channel is valid in our context. To address this, we use BMI, overweight status, and waist circumference as mediating factors. In the CHNS, weight is measured to the nearest 0.1 kg using a calibrated beam scale with participants wearing lightweight clothing, while height is measured to the nearest 0.1 cm using a portable stadiometer with participants barefoot (90). BMI (kg/m2) is calculated as a mediating factor, and overweight status is defined as a BMI > 25 based on Chinese criteria (91). Waist circumference is measured at the midpoint between the bottom of the rib cage and the top of the iliac crest at the end of exhalation. Table 9 presents the empirical results. The findings show that increased leisure sedentary time is associated with higher BMI, a greater likelihood of being overweight, and higher waist circumference. These results support Hypothesis 4.


TABLE 9 Mediating effect—BMI and obesity.

[image: Table displaying regression results for BMI, overweight, and waist circumference with their respective coefficients, standard errors, and significance levels. All models include covariates and fixed effects. Observations total 23,693 for each category with R-squared values of 0.918, 0.848, and 0.826, respectively. Significance levels are denoted by asterisks, with the dependent variable being Mental health 1.]



Heterogeneity analyses

In our analysis, we control for occupational sedentary time to address concerns about omitted variable bias in the relationship between occupational sedentary time and mental health. To further examine the role of occupational sedentary time, we conduct a heterogeneous analysis by occupational type. The sample is divided into three categories: light physical work, medium physical work, and heavy physical work. Table 10 presents the results. Individuals engaged in light and medium physical work show a higher risk of mental health issues compared to those in heavy physical work. Moreover, the coefficients in the first two columns are larger than the baseline results, suggesting that individuals with high levels of both leisure and occupational sedentary time face worse mental health outcomes.


TABLE 10 Heterogeneity—occupational types.

[image: Table displaying regression results comparing sedentary activity across different physical work levels: light, medium, and heavy. Sedentary coefficients are 0.0022*, 0.0023*, and 0.0018, respectively. Covariates and fixed-effects are included. Constant values are 26.6443***, 26.9899***, and 27.2055***, with observations of 10,324, 10,160, and 10,450, and R² values of 0.972, 0.972, and 0.971. Significance is marked at 10%, 5%, and 1% levels. The dependent variable is Mental health 1.]



Robustness analyses

Our analysis focuses on adults who have completed formal education as the main sample. To test whether this sample restriction affects the generalizability of the findings, we perform several subsample analyses to ensure robustness. First, we exclude groups that may bias the results, including the oldest-old population (aged ≥80 years), individuals reporting poor health status, those diagnosed with genetic diseases, recently retired individuals, and individuals diagnosed with muscle diseases. The first three groups are more likely to experience mental health issues, while the last two are more likely to engage in sedentary behavior. Additionally, we randomly select 80% of the sample to further test the model's robustness. Tables 11, 12 present the robustness checks. The results across all subsamples remain consistent with the baseline findings, confirming the reliability of the empirical results.


TABLE 11 Robustness checks 1.

[image: Table comparing statistical data across three groups: "Excluding the oldest-old population," "Individuals in good physical health," and "Individuals without genetic diseases." Each group shows values for sedentary lifestyle impact, covariates, fixed-effects, constant, number of observations, and R-squared values. Significance denoted by asterisks at different levels. The dependent variable is mental health, with all models including fixed effects and covariates.]


TABLE 12 Robustness checks 2.

[image: Table comparing three scenarios: 80% samples, excluding recently retired individuals, and individuals without muscular diseases. Each scenario includes results for sedentary impact, covariates, fixed-effects, constant, observations, and R squared value. The dependent variable is Mental Health 1. Significance levels are indicated by asterisks where one denotes ten percent, two denote five percent, and three denote one percent significance. All models include fixed effects and covariates.]




Discussion

In recent decades, technological advancements have transformed daily life, offering convenience and comfort while increasing sedentary time. Prolonged sedentary time has become a defining feature of modern life and a pressing public health concern. Simultaneously, the fast-paced nature of contemporary life has heightened stress levels from work and personal responsibilities, leading many individuals to experience psychological sub-health (92). Thus, understanding the relationship between sedentary time and mental health is therefore crucial.

This article investigates the relationship between leisure sedentary time and mental health issues using a representative longitudinal sample of the Chinese population. By employing Ordinary Least Squares (OLS) regression, instrumental variable methods, and the Difference-in-Differences framework, we find that prolonged leisure sedentary time negatively affects mental health, primarily through its impact on obesity. Our findings align with existing literature on the adverse effects of sedentary behavior on mental health, which has primarily relied on cross-sectional data.

We also identify several moderating factors unique to the Chinese context that may mitigate the negative effects of sedentary time. These include promoting health literacy and reducing sedentary time across the population, as well as fostering caregiving by women and enhancing social interactions for older adults. First, in January 2008, the Chinese Ministry of Health issued the “Chinese Resident Health Literacy—Basic Knowledge and Skills (Trial),” the first government document defining health literacy. This initiative marked a critical step in promoting health education in China. However, subsequent surveys revealed that health literacy rates were only 8.8% in 2012 and 11.58% in 2016 (93, 94). By 2023, the rate had improved to 29.7% (95), but it remains low compared to other countries. Improving health literacy is therefore essential to preventing health issues and promoting wellbeing. Second, the eldercare system in China predominantly follows the “9073” structure: 90% of older adults are cared for by family members, 7% by community services, and 3% in nursing homes. Filial piety, a cultural virtue emphasizing respect and care for one's parents, underpins this model. Traditionally, sons bore the primary responsibility for eldercare. However, with the One-Child Policy and rising female workforce participation, daughters now provide both practical and emotional support (96). Intergenerational support, particularly emotional support, has been shown to reduce the stress of aging and positively influence health outcomes. Third, social interactions, which include personal and environmental interactions, are vital for mental health and psychological wellbeing. Older adults who actively engage in social activities report lower levels of loneliness (97). Accessible destinations such as parks, squares, and cultural facilities foster social connections. Parks, in particular, have been shown to encourage physical activity and social ties, contributing to better mental health and reduced sedentary behaviors (98, 99).

Regarding mechanisms, we identify obesity as a primary mediating factor. Additionally, prior research suggests other pathways: screen-based activities may overstimulate the central nervous system, increasing anxiety (100), while disrupted sleep patterns linked to screen use can exacerbate anxiety (101). Prolonged sedentary behavior is also associated with increased inflammatory markers, which may impact mental health (102).

Our findings yield three policy implications. First, prolonged sedentary time worsens mental health, underscoring the need for government campaigns to raise awareness about its risks. Efforts should focus on improving health literacy, as health literacy interventions have been shown to foster behavior change (103). For example, the Healthy China 2030 Plan identifies health literacy as a key strategy for improving public health. Additionally, local governments should also provide accessible fitness equipment and promote physical activity through initiatives like urban greenways, which have been shown to reduce sedentary behavior (104). Second, governments should support female caregivers, especially daughters, who play a crucial role in eldercare. Policies could include financial incentives or tax benefits for caregiving daughters and encourage employers to offer flexible work arrangements for women engaged in eldercare, such as remote work or part-time schedules. Third, creating accessible and engaging spaces for older adults can reduce sedentary behavior. Governments could subsidize social activities, such as senior tour groups, while communities could promote participation in local events to foster social interaction.

This study also has limitations. First, the findings are rooted in China's cultural and institutional context. Factors such as Confucian traditions and the health system shape health behaviors and outcomes, so caution is needed when generalizing these results to other countries. Replication studies in diverse settings could enhance external validity. Second, sedentary time was self-reported, which may lead to underestimation. Combining self-reports with accelerometer data in future research could improve accuracy. Third, while the fixed-effects method, IV method and DID method mitigate endogeneity, residual bias or confounding variables may persist. Experimental designs could further validate these findings. Finally, data limitations prevented an in-depth exploration of biological pathways, which future studies could address.



Conclusion

In conclusion, our research finds that prolonged leisure sedentary time negatively affects mental health. Additionally, our study reveals moderating roles of promoting health literacy and reducing sedentary time across the population, as well as fostering caregiving by women and enhancing social interactions for older adults. Finally, we identify obesity as a primary mediating factor. The above findings are significant given the global rise in both sedentary behaviors and mental health challenges.
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Footnotes

	1 The dietary knowledge index includes 1) Eating vegetables and fruits is beneficial to health; 2) Eating less sugar is beneficial to health; 3) Eating a variety of foods is beneficial to health; 4) Eating less high-fat food is beneficial to health; 5) Eating dairy products is beneficial to health; 6) Eating soy products is beneficial to health.



References
	 1. Bauman A, Ainsworth BE, Sallis JF, Hagstromer M, Craig CL, Bull FC, et al. The descriptive epidemiology of sitting. A 20-country comparison using the international physical activity questionnaire (IPAQ). Am J Prev Med. (2011) 41:228–35. doi: 10.1016/j.amepre.2011.05.003
	 2. Loyen A, van der Ploeg HP, Bauman A, Brug J, Lakerveld J. European sitting championship: prevalence and correlates of self-reported sitting time in the 28 European Union member states. PLoS ONE. (2016) 11:e0149320. doi: 10.1371/journal.pone.0149320
	 3. Peters TM, Moore SC, Xiang YB, Yang G, Shu XO, Ekelund U, et al. Accelerometer-measured physical activity in Chinese adults. Am J Prev Med. (2010) 38:583–91. doi: 10.1016/j.amepre.2010.02.012
	 4. Diaz KM, Howard VJ, Hutto B, Colabianchi N, Vena JE, Safford MM, et al. Patterns of sedentary behavior and mortality in us middle-aged and older adults: a national cohort study. Ann Intern Med. (2017) 167:465–75. doi: 10.7326/M17-0212
	 5. Pedersen BK. IL-6 signalling in exercise and disease. Biochem Soc Trans. (2007) 35:1295–7. doi: 10.1042/BST0351295
	 6. Teychenne M, Ball K, Salmon J. Sedentary behavior and depression among adults: a review. Int J Behav Med. (2010) 17:246–54. doi: 10.1007/s12529-010-9075-z
	 7. Huang Y, Li L, Gan Y, Wang C, Jiang H, Cao S, et al. Sedentary behaviors and risk of depression: a meta-analysis of prospective studies. Transl Psychiatry. (2020) 10:26. doi: 10.1038/s41398-020-0715-z
	 8. Higgins S, Pomeroy A, Bates LC, Paterson C, Barone Gibbs B, Pontzer H, et al. Sedentary behavior and cardiovascular disease risk: An evolutionary perspective. Front Physiol. (2022) 13:962791. doi: 10.3389/fphys.2022.962791
	 9. Hoare E, Milton K, Foster C, Allender S. The associations between sedentary behaviour and mental health among adolescents: a systematic review. Int J Behav Nutr Phys Act. (2016) 13:108. doi: 10.1186/s12966-016-0432-4
	 10. Fu X, Zhang K, Chen X. The Report on the Development of China's National Mental Health (2019-2020). Beijing: Social Sciences Academic Press.
	 11. Phillips MR, Zhang J, Shi Q, Song Z, Ding Z, Pang S, et al. Prevalence, treatment, and associated disability of mental disorders in four provinces in China during 2001–05: an epidemiological survey. Lancet. (2009) 373:2041–53. doi: 10.1016/S0140-6736(09)60660-7
	 12. Tsai AC, Chi SH, Wang JY. Cross-sectional and longitudinal associations of lifestyle factors with depressive symptoms in >/= 53-year old Taiwanese—results of an 8-year cohort study. Prev Med. (2013) 57:92–7. doi: 10.1016/j.ypmed.2013.04.021
	 13. Levinson D, Kaplan G. What does self rated mental health represent. J Public Health Res. (2014) 3:287. doi: 10.4081/jphr.2014.287
	 14. Nagasu M, Kogi K, Yamamoto I. Association of socioeconomic and lifestyle-related risk factors with mental health conditions: a cross-sectional study. BMC Public Health. (2019) 19:1759. doi: 10.1186/s12889-019-8022-4
	 15. Taylor GMJ, Itani T, Thomas KH, Rai D, Jones T, Windmeijer F, et al. Prescribing prevalence, effectiveness, and mental health safety of smoking cessation medicines in patients with mental disorders. Nicotine Tob Res. (2020) 22:48–57. doi: 10.1093/ntr/ntz072
	 16. Awaworyi Churchill S, Farrell L. Alcohol and depression: evidence from the 2014 health survey for England. Drug Alcohol Depend. (2017) 180:86–92. doi: 10.1016/j.drugalcdep.2017.08.006
	 17. Haw C, Hawton K, Casey D, Bale E, Shepherd A. Alcohol dependence, excessive drinking and deliberate self-harm. Soc Psychiat Epidemiol. (2005) 40:964–71. doi: 10.1007/s00127-005-0981-3
	 18. You Y, Chen Y, Wei M, Tang M, Lu Y, Zhang Q, et al. Mediation role of recreational physical activity in the relationship between the dietary intake of live microbes and the systemic immune-inflammation index: a real-world cross-sectional study. Nutrients. (2024) 16:777. doi: 10.3390/nu16060777
	 19. You Y. Accelerometer-measured physical activity and sedentary behaviour are associated with C-reactive protein in US adults who get insufficient sleep: A threshold and isotemporal substitution effect analysis. J Sports Sci. (2024) 42:527–36. doi: 10.1080/02640414.2024.2348906
	 20. You Y, Chen Y, Zhang Y, Zhang Q, Yu Y, Cao Q. Mitigation role of physical exercise participation in the relationship between blood cadmium and sleep disturbance: a cross-sectional study. BMC Public Health. (2023) 23:1465. doi: 10.1186/s12889-023-16358-4
	 21. You Y, Wang R, Li J, Cao F, Zhang Y, Ma X. The role of dietary intake of live microbes in the association between leisure-time physical activity and depressive symptoms: a population-based study. Appl Physiol Nutr Metab. (2024) 49:1014–24. doi: 10.1139/apnm-2023-0550
	 22. Zhai I, Zhang Y, Zhang D. Sedentary behaviour and the risk of depression. A meta-analysis Br J Sports Med. (2015) 49:705–9. doi: 10.1136/bjsports-2014-093613
	 23. Vancampfort D, Stubbs B, Mugisha J, Firth J, Schuch FB, Koyanagi A. Correlates of sedentary behavior in 2,375 people with depression from 6 low- and middle-income countries. J Affect Disord. (2018) 234:97–104. doi: 10.1016/j.jad.2018.02.088
	 24. Hamer M, Stamatakis E, Mishra GD. Television- and screen-based activity and mental well-being in adults. Am J Prev Med. (2010) 38:375–80. doi: 10.1016/j.amepre.2009.12.030
	 25. Peng J, Ren H. The association of physical activity and leisure-time sedentary behavior with perceived stress among Chinese adults: a cross-sectional study based on the Chinese health and nutrition survey data. Prev Med Rep. (2024) 45:102829. doi: 10.1016/j.pmedr.2024.102829
	 26. Cao B, Zhao Y, Ren Z, McIntyre RS, Teopiz KM, Gao X, et al. Are physical activities associated with perceived stress? the evidence from the China health and nutrition survey, Front Public Health. (2021) 9:697484. doi: 10.3389/fpubh.2021.697484
	 27. Primack BA, Swanier B, Georgiopoulos AM, Land SR, Fine MJ. Association between media use in adolescence and depression in young adulthood: a longitudinal study. Arch Gen Psychiatry. (2009) 66:181–8. doi: 10.1001/archgenpsychiatry.2008.532
	 28. Konopka M, Köhler S, Stehouwer C, Schaper N, Henry R, Van der Kallem C, et al. Accelerometer-derived sedentary time and physical activity and the incidence of depressive symptoms – the Maastricht study. Psychol Med. (2020) 52:1–8. doi: 10.1017/S0033291720004924
	 29. Appelqvist-Schmidlechner K, Raitanen J, Vasankari T, Kyröläinen H, Häkkinen A, Honkanen T, et al. Relationship between accelerometer-based physical activity, sedentary behavior, and mental health in young finnish men. Front Public Health. (2022) 10:820852. doi: 10.3389/fpubh.2022.820852
	 30. Yu H, Alizadeh F. Ameliorative effects of television watching behavior and motivation on the fear of COVID-19 in Older Chinese adults during the pandemic. Psychol Res Behav Manag. (2024) 17:2631–40. doi: 10.2147/PRBM.S462085
	 31. Haeri-Mehrizi A, Mohammadi S, Rafifar S, Sadighi J, Kermani RM, Rostami R, et al. Health literacy and mental health: a national cross-sectional inquiry. Sci Rep. (2024) 14:13639. doi: 10.1038/s41598-024-64656-7
	 32. Saunders TJ, MacDonald DJ, Copeland JL, Longmuir PE, Barnes JD, Belanger K, et al. The relationship between sedentary behaviour and physical literacy in Canadian children: a cross-sectional analysis from the RBC-CAPL Learn to Play study. BMC Public Health. (2018) 18:1037. doi: 10.1186/s12889-018-5892-9
	 33. Bull FC, al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World Health Organization 2020 guidelines on physical activity and sedentary behavior. Br J Sports Med. (2020) 54:1451–62. doi: 10.1136/bjsports-2020-102955
	 34. Greenwood-Hickman MA, Renz A, Rosenberg DE. Motivators and barriers to reducing sedentary behavior among overweight and obese older adults. Gerontologist. (2016) 56:660–8. doi: 10.1093/geront/gnu163
	 35. Parry S, Straker L, Gilson ND, Smith AJ. Participatory workplace interventions can reduce sedentary time for office workers–a randomised controlled trial. PLoS ONE. (2013) 8:e78957. doi: 10.1371/journal.pone.0078957
	 36. De Mendonça Lima CA, Ivbijaro G. Mental health and wellbeing of older people: opportunities and challenges. Ment Health Fam Med. (2013) 10:125.
	 37. Leask CF, Harvey JA, Skelton DA. Exploring the context of sedentary behaviour in older adults (what, where, why, when and with whom). Eur Rev Aging Phys Activity. (2015) 12:1–8. doi: 10.1186/s11556-015-0146-7
	 38. Zhou LY. Theory of confucian culture of the negative effects on the development of China's commercial law. J Law Soc. (2014) 10:3–4. doi: 10.19387/j.carolcarrollnki
	 39. Shi Z. Does the number of children matter to the happiness of their parents? J Chin Sociol. (2016) 3:1–24. doi: 10.1186/s40711-016-0031-4
	 40. Ng HY, Griva K, Lim HA, Tan JY. The burden of filial piety: A qualitative study on caregiving motivations amongst family caregivers of patients with cancer in Singapore. Psychol Health. (2016) 31:1293–310. doi: 10.1080/08870446.2016.1204450
	 41. Norton E. Chapter 17 long-term care. Handb Health Econ. (2000) 1:955–94. doi: 10.1016/S1574-0064(00)80030-X
	 42. Aronson, J. Women's sense of responsibility for the care of old people: “But who else is going to do it?”. Gender Soc. (1992) 6: 8–29. doi: 10.1177/089124392006001002
	 43. Fleming PJ. Current trends in the study of gender norms and health behaviors. Curr Opini Psychol. (2015) 5:72–7. doi: 10.1016/j.copsyc.2015.05.001
	 44. Zhao P, Zhang Y, Harper S, Zeng W, Li S. Functional transitions among older adults in rural China: examining the differential roles of care from daughters' and sons' families. J Gerontol: Series B. (2024) 79:gbae133. doi: 10.1093/geronb/gbae133
	 45. Park S, Smith J, Dunkle RE. Social network types and well-being among South Korean older adults. Aging Men Health. (2014) 18:72–80. doi: 10.1080/13607863.2013.801064
	 46. Kawachi I, Kennedy BP, Glass R. Social capital and self-rated health: a contextual analysis. Am J Public Health. (1999) 89:1187–93. doi: 10.2105/AJPH.89.8.1187
	 47. McNeill LH, Kreuter MW, Subramanian S. Social environment and physical activity: a review of concepts and evidence. Soc Sci Med. (2006) 63:1011–22. doi: 10.1016/j.socscimed.2006.03.012
	 48. Forrest R, Kearns A. Social cohesion, social capital and the neighbourhood. Urban Stud. (2001) 38:2125–43. doi: 10.1080/00420980120087081
	 49. Bullock VE, Griffiths P, Sherar LB, Clemes SA. Sitting time and obesity in a sample of adults from Europe and the USA. Ann Hum Biol. (2017) 44:230–6. doi: 10.1080/03014460.2016.1232749
	 50. Gregor MF, Hotamisligil GS. Inflammatory mechanisms in obesity. Annu Rev Immunol. (2011) 29:415–45 doi: 10.1146/annurev-immunol-031210-101322
	 51. Miller AH, Raison CL. The role of inflammation in depression: from evolutionary imperative to modern treatment target. Nat Rev Immunol. (2016) 16:22–34. doi: 10.1038/nri.2015.5
	 52. Huppert FA. Psychological well-being: evidence regarding its causes and consequences. Appl Psychol. (2009) 1:137–64. doi: 10.1111/j.1758-0854.2009.01008.x
	 53. Chen F, Zhang X, Chen Z. Air pollution and mental health: evidence from China Health and Nutrition Survey. J Asian Econ. (2023) 86:101611. doi: 10.1016/j.asieco.2023.101611
	 54. Lee Y-H, Shelley M, Liu C-T, Chang Y-C. Assessing the association of food preferences and self-reported psychological well-being among middle-aged and older adults in contemporary China-results from the China Health and Nutrition Survey. Int J Environ Res Public Health. (2018) 15:463. doi: 10.3390/ijerph15030463
	 55. Wu T, Hou X, Zhang F, Sharma M, Zhao Y, Shi Z. Association between self-reported food preferences and psychological well-being during perimenopausal period among chinese women. Front Psychol. (2020) 11:1196. doi: 10.3389/fpsyg.2020.01196
	 56. Yang TZ, Huang HT. An epidemiological study on stress among urban residents in social transition period. Chin J Epidemiol. (2003) 9:11–5. doi: 10.3760/j.issn:0254-6450.2003.09.004
	 57. Cristóbal-Narváez P, Haro JM. Perceived stress and depression in 45 low- and middle-income countries. J Affect Disord. (2020) 274:799–805. doi: 10.1016/j.jad.2020.04.020
	 58. Mundy EA, Weber M, Rauch SL, Killgore WDS, Simon NM, Pollack MH, et al. Adult anxiety disorders in relation to trait anxiety and perceived stress in childhood. Psychol Rep. (2015) 117:473–89. doi: 10.2466/02.10.PR0.117c17z6
	 59. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav. (1983) 24:385–96. doi: 10.2307/2136404
	 60. Huang F, Wang H, Wang Z, Zhang J, Du W, Su C, et al. Psychometric properties of the perceived stress scale in a community sample of Chinese. BMC Psychiatry. (2020) 20:130. doi: 10.1186/s12888-020-02520-4
	 61. Du SF, Wang HJ, Zhang B, Zhai FY, Popkin BM. China in the period of transition from scarcity and extensive undernutrition to emerging nutrition-related non-communicable diseases, 1949-1992. Obes Rev. (2014) 1:8–15. doi: 10.1111/obr.12122
	 62. Wei X, Zang Y, Jia X, He X, Zou S, Wang H, et al. Age, period and cohort effects and the predictors of physical activity and sedentary behaviour among Chinese children, from 2004 to 2011. BMC Public Health. (2017) 17:353. doi: 10.1186/s12889-017-4215-x
	 63. Sedentary Behaviour Research Network. Letter to the editor: standardized use of the terms “sedentary” and “sedentary behaviours”. Appl Physiol Nutr Metab. (2012) 37:540–2. doi: 10.1139/h2012-024
	 64. Lubans DR, Hesketh K, Cliff DP, Barnett LM, Salmon J, Dollman J, et al. A systematic review of the validity and reliability of sedentary behaviour measures used with children and adolescents. Obes Rev. (2011) 12:781–99. doi: 10.1111/j.1467-789X.2011.00896.x
	 65. Yan Z, Xiang N, Meng J, Liang H, Yue Z. Understanding the effect of retirement on health behaviors in China: Causality, heterogeneity and time-varying effect. Front Public Health. (2022) 10:952072. doi: 10.3389/fpubh.2022.952072
	 66. You Y, Chen Y, Liu R, Zhang Y, Wang M, Yang Z, et al. Inverted U-shaped relationship between sleep duration and phenotypic age in US adults: a population-based study. Sci Rep. (2024) 14:6247. doi: 10.1038/s41598-024-56316-7
	 67. Li H, Zeng W. Leisure sedentary time and elevated blood pressure: evidence from the statutory retirement policy. Front Public Health. (2024) 12:1468221. doi: 10.3389/fpubh.2024.1468221
	 68. Sakakibara K, Miyanaka D, Tokita M, Kawada M, Mori N, Hamsyah F, et al. Association of work-related sedentary behavior with mental health and work engagement among Japanese White- and Blue-Collar workers. J Occup Environ Med. (2023) 65:e695–702. doi: 10.1097/JOM.0000000000002952
	 69. Hosker DK, Elkins RM, Potter MP. Promoting mental health and wellness in youth through physical activity, nutrition, andsleep. Child Adolesc Psychiatr Clin N Am. (2019) 28:171–93. doi: 10.1016/j.chc.2018.11.010
	 70. Ramin S, Mysz MA, Meyer K, Capistrant B, Lazovich D, Prizment A. A prospective analysis of dietary fiber intake and mental health quality of life in the Iowa Women's Health Study. Maturitas. (2020) 131:1–7. doi: 10.1016/j.maturitas.2019.10.007
	 71. Zhang J, Yang SX, Wang L, Han LH, Wu XY. The influence of sedentary behaviour on mental health among children and adolescents: a systematic review and meta-analysis of longitudinal studies. J Affect Disord. (2022) 306:90–114. doi: 10.1016/j.jad.2022.03.018
	 72. van der Ploeg HP, Hillsdon M. Is sedentary behaviour just physical inactivity by another name? Int J Behav Nutr Phys Act. (2017) 14:142. doi: 10.1186/s12966-017-0601-0
	 73. Raney JH, Testa A, Jackson DB, Ganson KT, Nagata JM. Associations between adverse childhood experiences, adolescent screen time and physical activity during the COVID-19 pandemic. Acad Pediatr. (2022) 22:1294–9. doi: 10.1016/j.acap.2022.07.007
	 74. Swedo EA, D'Angelo DV, Fasula AM, Clayton HB, Ports KA. Associations of adverse childhood experiences with pregnancy and infant health. Am J Prev Med. (2023) 64:512–24. doi: 10.1016/j.amepre.2022.10.017
	 75. Copeland JL, Ashe MC, Biddle SJH, Brown WJ, Buman MP, Chastin S, et al. Sedentary time in older adults: a critical review of measurement, associations with health, and interventions. Br J Sports Med. (2017) 51:1539. doi: 10.1136/bjsports-2016-097210
	 76. Clayborne ZM, Colman I. Associations between depression and health behaviour change: findings from 8 cycles of the Canadian Community Health Survey. Can J Psychiatry. (2019) 64:30–8. doi: 10.1177/0706743718772523
	 77. Munasib A, Bhattacharya S. Is the ‘Idiot's Box' raising idiocy? Early and middle childhood television watching and child cognitive outcome. Econ Educ Rev. (2010) 29:873–83. doi: 10.1016/j.econedurev.2010.03.005
	 78. Lewbel A. Constructing instruments for regressions with measurement error when no additional data are available, with an application to patents and R&D. Econometrica. (1997) 65:1201–13. doi: 10.2307/2171884
	 79. Ebbes P, Bockenholt U, Wedel, M. Regressor and random-effects dependencies in multilevel models. Statistica Neerlandica. (2004) 58:161–78. doi: 10.1046/j.0039-0402.2003.00254.x
	 80. Mingyi W, Zhongyi Z, Xiaoyu L, Siwei X. Labor price distortion and export product markups: Evidence from China labor market. China Econ Rev. (2023) 77:101901. doi: 10.1016/j.chieco.2022.101901
	 81. Calcagnini G, Farabullini F. The impact of guarantees on bank loan interest rates. Appl Financ Econ. (2014) 24:397–412. doi: 10.1080/09603107.2014.881967
	 82. Duflo E, Saez E. Participation and investment decisions in a retirement plan: the influence of colleagues' choices. J Public Econ. (2000) 85:121–48. doi: 10.1016/S0047-2727(01)00098-6
	 83. Evans WN, Oates W, Schwab RM. Measuring peer group effects: a study of teenage behavior. J Polit Econ. (1992) 100:966–91. doi: 10.1086/261848
	 84. Krueger AA. Estimates of the economic return to schooling from a new sample of twins. Am Econ Rev. (1994) 84:5. Available at: https://www.jstor.org/stable/2117766
	 85. Williams K. Marital status, marital transitions, and health: a gendered life course perspective. J Health Soc Behav. (2004) 45:81–98. doi: 10.1177/002214650404500106
	 86. Taylor GMJ, Sawyer K, Kessler D, Munafò MR, Aveyard P, Shaw A. Views about integrating smoking cessation treatment within psychological services for patients with common mental illness: a multi-perspective qualitative study. Health Expect. (2021) 24:411–20. doi: 10.1111/hex.13182
	 87. Ding C, Feng G, Yuan F, Gong W, Yao Y, Ma Y, et al. Temporal trends and recent correlates in sedentary behaviors among Chinese adults from 2002 to 2010–2012. Int J Environ Res Public Health. (2020) 17:158. doi: 10.3390/ijerph17010158
	 88. Tinsley HEA, Tinsley DJ, Croskeys CE. Park usage, social milieu, and psychosocial benefits of park use reported by older urban park users from four ethnic groups. Leis Sci. (2002) 24:199–218. doi: 10.1080/01490400252900158
	 89. Clarke P, Nieuwenhuijsen ER. Environments for healthy ageing: a critical review. Maturitas. (2009) 64:14–9. doi: 10.1016/j.maturitas.2009.07.011
	 90. Xi B, Liang Y, He T, Reilly KH, Hu Y, Wang Q, et al. Secular trends in the prevalence of general and abdominal obesity among Chinese adults, 1993-2009. Obes Rev. (2012) 13:287–96. doi: 10.1111/j.1467-789X.2011.00944.x
	 91. Luo H, Li J, Zhang Q, Cao P, Ren X, Fang A, et al. Obesity and the onset of depressive symptoms among middle-aged and older adults in China: evidence from the CHARLS. BMC Public Health. (2018) 18:909. doi: 10.1186/s12889-018-5834-6
	 92. Galderisi S, Heinz A, Kastrup M, Beezhold J, Sartorius N. Toward a new definition of mental health. World Psychiatry. (2015) 14:231–3. doi: 10.1002/wps.20231
	 93. Li L, Li YH, Nie XQ, Huang XG, Shi MF, et al. Influence factors of health literacy monitoring of Chinese residents on 2012. Chinese J Health Educ. (2015) 2:104–7. doi: 10.16168/j.cnki.issn.1002-9982.2015.02.002
	 94. National Health and Family Planning Commission. Results of Chinese Residents Health Literacy in 2016 was Released. (2017). Available at: http://www.gov.cn/xinwen/2017-11/22/content_5241572.htm (accessed November 22, 2017).
	 95. Health Literacy Level of Chinese. Residents to Increase to 29.70 Per cent by 2023. (2023). Available at: http://www.nhc.gov.cn/xcs/s3582/202404/287e15ca9fd148b5ab9debce59f58c6d.shtml (accessed April 24, 2024).
	 96. Zhang Y, Harper S. Son or daughter care in relation to self-reported health outcomes for older adults in China. Front Public Health. (2022) 9:793873. doi: 10.3389/fpubh.2021.793873
	 97. Wang J, Zhou Y, Zhang Q, Li J, Zhai D, Li J, et al. Loneliness among older Chinese individuals: the status quo and relationships with activity-related factors. BMC Geriatr. (2024) 24:42. doi: 10.1186/s12877-023-04611-9
	 98. Twohig-Bennett C, Jones A. The health benefits of the great outdoors: a systematic review and meta-analysis of greenspace exposure and health outcomes. Environ Res. (2018) 166:628–37. doi: 10.1016/j.envres.2018.06.030
	 99. Edwards N, Hooper P. The park physical activity questionnaire (Park-PAQ): a reliable measurement tool for park-based and total physical activity. Health Place. (2023) 83:103085. doi: 10.1016/j.healthplace.2023.103085
	 100. Wang X, Perry AC. Metabolic and physiologic responses to video game play in 7- to 10-year-old boys. Arch Pediatr Adolesc Med. (2006) 160:411–5. doi: 10.1001/archpedi.160.4.411
	 101. Dworak M, Schierl T, Bruns T, Struder HK. Impact of singular excessive computer game and television exposure on sleep patterns and memory performance of school-aged children. Pediatrics. (2007) 120:978–85. doi: 10.1542/peds.2007-0476
	 102. McMahon EM, Corcoran P, O'Regan G, Keeley H, Cannon M, Carli V, et al. Physical activity in European adolescents and associations with anxiety, depression and well-being. Eur Child Adolesc Psychiatry. (2017) 26:111–22. doi: 10.1007/s00787-016-0875-9
	 103. Walters R, Leslie SJ, Polson R, Cusack T, Gorely T, et al. Establishing the efficacy of interventions to improve health literacy and health behaviours: a systematic review. BMC Public Health. (2020) 20:1040. doi: 10.1186/s12889-020-08991-0
	 104. Li Z, Lu Y, Xie B, Wu Y. Large-scale greenway exposure reduces sedentary behavior: a natural experiment in China. Health Place. (2024) 89:103283. doi: 10.1016/j.healthplace.2024.103283
	Copyright
 © 2025 Li and Zeng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.









 


	
	
ORIGINAL RESEARCH
published: 24 March 2025
doi: 10.3389/fpubh.2025.1545295








[image: image2]

Changes in health behaviour of medical students during and after the COVID-19 pandemic—focus on physical activity, screen time, sleep duration, unhealthy foods, alcohol, and tobacco

Lukas Liebig1*, Willy Gräfe1, Hendrik Berth2, Béla Birkás3, Nora Faubl3, Erika Zelko4, Erika Balogh5 and Henna Riemenschneider1


1Department of General Practice, Faculty of Medicine Carl Gustav Carus, TUD Dresden University of Technology, Dresden, Germany

2Research Group Applied Medical Psychology and Medical Sociology, Division of Psychosocial Medicine and Developmental Neurosciences, Faculty of Medicine Carl Gustav Carus, TUD Dresden University of Technology, Dresden, Germany

3Department of Behavioral Sciences, University of Pécs Medical School, Pécs, Hungary

4Institute of General Practice, Johannes Kepler University Linz, Linz, Austria

5Department of Public Health Medicine, University of Pécs Medical School, Pécs, Hungary

Edited by
 Yi-lang Tang, Emory University, United States

Reviewed by
 Oksana Zayachkivska, Danylo Halytsky Lviv National Medical University, Ukraine
 Declan Gaynor, Royal College of Surgeons in Ireland (Bahrain), Bahrain

*Correspondence
 Lukas Liebig, lukas.liebig@u-dresden.de 

Received 07 January 2025
 Accepted 04 March 2025
 Published 24 March 2025

Citation
 Liebig L, Gräfe W, Berth H, Birkás B, Faubl N, Zelko E, Balogh E and Riemenschneider H (2025) Changes in health behaviour of medical students during and after the COVID-19 pandemic—focus on physical activity, screen time, sleep duration, unhealthy foods, alcohol, and tobacco. Front. Public Health 13:1545295. doi: 10.3389/fpubh.2025.1545295
 




Introduction: The COVID-19 pandemic and the preventive measures led to a change in the health behaviour among the population. Medical students were particularly affected by this. Previous studies primarily focused on few health behaviours, were mostly conducted in 2020–2021, and did not assess the persistence of these behaviours post-pandemic.
Methods: A combined cross-sectional and longitudinal approach were applied to examine changes in physical activity, screen time, sleep duration and consumption of unhealthy foods, alcohol and of tobacco. Data from Medical Students at the Technical University of Dresden were collected online as part of the multicenter study “Medical Student Health Survey” in 2020 and 2022. Descriptive and inferential statistical methods were applied.
Results: Medical students (N = 575) reported reduced physical activity and increased screen time due to the COVID-19 pandemic, citing lockdown and changed habits as main reasons. Longitudinal analysis of medical students (N = 66) between 2020 and 2022 revealed increased physical activity (p = 0.018) and decreased unhealthy food consumption (p = 0.009) after the end of the pandemic. Screen time, sleep duration and consumption of alcohol and of tobacco products remained unchanged. Changes in health behaviours were not intercorrelated.
Discussion: The COVID-19 pandemic led to change in health behaviour of medical students. However, intra-pandemic changes differing from pre-post pandemic changes and interindividual variations in health behaviour change were found. The rise in physical activity, the decreased consumption of unhealthy foods, and the low tobacco use reflect a health-aware cohort. The findings should inform the development of future preventive measures and further research is needed to understand the sustainability and broader impact of these health behaviour changes.
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Background

During the COVID-19 pandemic, the measures adopted to contain the COVID-19 virus led to a change in the lifestyles of various population groups. Harmful health behaviour in particular (1, 2) and psychosocial phenomena such as stress (3) increased as a result of measures such as the closure of public buildings and educational institutions, as well as contact bans. In addition to the older population groups, young people in particular reportedly suffered from the consequences of the COVID-19 pandemic (4, 5).

Medical students were also affected by the impact of the COVID-19 pandemic. The sudden switch to online teaching and examinations posed a challenge for medical students, as their studies are include practical experience and laboratory and clinical work (6, 7). In addition, many medical students were directly involved in managing the pandemic, whether through supporting activities in hospitals or working in testing centres. The associated concerns about their own health and that of their patients were a source of additional stress (7).

There is already empirical evidence, which indicates that the COVID-19 pandemic has significantly influenced health behaviour of students (8–10) and especially medical students (11–13). However, these studies focused on individual aspects of health behaviour (such as nutritional behaviour or mental health) and were conducted in a cross-sectional design. In addition, previous studies are mostly from the years 2020–2021 and cannot provide any insight into the extent to which certain behaviours remain prevalent after the end of the pandemic.

This study aims to close this research gap and provide an overview of the changes in the health behaviour of medical students in Germany from the beginning to the end of the COVID-19 pandemic. In order to provide an overview of various health-relevant behaviours, the following aspects are examined: physical activity, screen time, sleep duration, as well as consumption of unhealthy foods, alcohol and of tobacco products. In addition, this study combines a cross-sectional analysis (2022), subsequent Sub-study A, with a longitudinal analysis (2020–2022), subsequent Sub-study B.

The study will reveal trends in medical students’ health behaviour, highlighting the impact of COVID-19 measures on medical students’ health behaviour and informing the development of new prevention strategies.



Methods


Study protocol

The Department of General Practice at the Carl Gustav Carus Faculty of Medicine, Technical University Dresden (TUD), Germany conducted cross-sectional multi-center study “Medical Student Health Survey” (MSHS) in 2020 and 2022, as a collaboration with the Research Group for Applied Medical Psychology and Medical Sociology at the Carl Gustav Carus University Hospital, TUD; the Departments of Public Health Medicine and Behavioral Sciences at the University of Pécs, Hungary; and, in 2022, the Institute of General Medicine at the Johannes Kepler University Linz, Austria. This study focused on the data from medical students in Dresden (Germany), as the preventive measures implemented during the pandemic varied significantly in timing and content across study locations.

The medical students at the TUD were invited to participate voluntarily and anonymously. Written information was provided in advance and informed consent to data processing was obtained. Invitations to participate in the online survey were sent via various channels such as email invitations from the Medical Student Council and the Teaching Department at the TUD Faculty of Medicine, digital advertising on social media and active recruitment during lectures and seminars. The survey period ran from January to July 2020 in 2020 and from June to October 2022 in 2022. In 2020, the first preventive measures (lockdown, online teaching) were imposed in mid-March and lasted until the beginning of May, during which time the survey was paused to minimise the potential impact of these measures. In 2022, the only measures still in place at the start of the survey were the obligation to wear masks on local public transport and in hospitals and doctors’ surgeries. Measures such as lockdowns or a ban on face-to-face teaching no longer applied at this time and have not been enacted since. As a result, the 2020 survey represents the beginning of the pandemic and the survey in 2022 represents the end of the pandemic in the context of this work (see Figure 1).

[image: Timeline diagram showing two sub-studies during a pandemic period. Sub-study A (N = 575) is a cross-sectional analysis in green, starting at pandemic end in 2022. Sub-study B (N = 66) is a longitudinal analysis in blue, spanning from 2020 to 2022.]

FIGURE 1
 Study structure: Sub-study A and Sub-study B.




Measurements

The online questionnaire (applied via LimeSurvey version 2.50+) was compiled from standardised and specially developed questions and covered 9 topics. In addition to socio-demographic questions, the health status (general and mental health), health behaviour such as sleeping, eating and exercise habits and media consumption were recorded. In 2022, health behaviour change due to the COVID-19 pandemic was also surveyed. Each questionnaire included the voluntary provision of an individual pseudonymisation code, which makes it possible to compare a person’s data over several years.

The subject of Sub-study A was the analysis of the self-assessment recorded in MSHS 2022 on changes in health behaviour due to the COVID-19 pandemic. Information was provided for (1) physical activity, (2) screen time, (3) sleep duration, as well as (4) consumption of unhealthy foods, (5) alcohol and (6) tobacco products. For the following analysis, the responses were summarised in “decrease,” “no change,” “increase” to ensure clarity and distinct differentiation between change and no change. If the students indicated a change, they were given the opportunity to state the reasons why their health behaviour had changed. The answer options (multiple answers possible) were: changed habits, Lockdown/regulations, fear/worries, financial reasons, time reasons, motivational reasons, health-related reasons, other. All items including answer options of Sub-study A are shown in Supplementary material 1.

The subject of Sub-study B was the longitudinal analysis of the information on the health behaviour of those students who took part in the Medical Student Health Survey 2020 and 2022 and were identifiable via a pseudonymisation code. The items of the respective years (2020–2022) for recording health behaviour (1–6) and the scoring system are shown in Supplementary material 2.

In order to ensure comparability between study population A and B, socio-demographic data (age, gender) and socio-economic factors such as the study period, the existence of a relationship or children, the housing situation and existence of financial problems were also recorded. The questions on the existence of a relationship and own children could be answered with yes or no. The other information was also dichotomised: study period into preclinical (1st–4th semester) and clinical (≥5th semester), housing situation into living alone vs. not living alone, and financial problems (Likert Scale from 1 to 5) into no financial problems (1-2) vs. existing problems (3-5).



Statistical analysis

The statistical analyses were carried out using IBM SPSS 28.0. For Sub-study A, the information provided by the students was analysed descriptively. For Sub-study B, sum scores were calculated in accordance with Supplementary material 1. The data were tested for normal distribution using the Shapiro–Wilk test. Medians of non-normally distributed variables were tested for significance using the Wilcoxon sign test for paired samples if symmetry was given. If there was no symmetry in the data, the sign test for paired samples was used. Differences in the longitudinal section in dichotomous data were tested for significance using the exact Mc Nemar test. A significance level of p ≤ 0.05 was used. No prior performance analysis was conducted due to the hypothesis-generating nature of the study.



Post hoc analysis

Based on the results of Sub-study B, it was decided to carry out a post hoc analysis. The aim was to explore whether a change in one health behaviour (for example: increased physical activity) was associated with a change in another health behaviour (for example: less alcohol consumption). For this purpose, the respective individual changes in the sum scores (2022–2020) were checked analysed for correlation using a non-parametric test (Kendal’s tau-B).



Ethical vote

This study was conducted in accordance with the principles of the Declaration of Helsinki. Approval was granted by the Ethics Committee of the Technical University of Dresden (No. EK 15012014).




Results


Study population


Sub-study A

With N = 720 completed questionnaires from N = 1986 enrolled medical students at the TUD, the response rate in 2022 was approx. 36%. Of the N = 720 questionnaires, only those students were included (N = 575), who provided information on changes in health behaviour due to the COVID-19 pandemic. The study population was M = 24.06 years old (SD = 3.9) and 71.5% were female (see Table 1).



TABLE 1 Study populations of Sub-study A and Sub-study B.
[image: Table comparing demographic and study characteristics of participants in Sub-study A (2022) and Sub-study B (2020–2022). For Sub-study A, 575 participants with an average age of 24.06 years; 27.1% male, 71.5% female. For Sub-study B, 66 participants with an average age of 24.61 years; 27.3% male, 72.7% female. In Sub-study A, 39.2% in preclinical and 60.8% in clinical periods; all participants in Sub-study B in the clinical period. Relationship status, children, housing, and financial problems are also detailed.]



Sub-study B

With N = 476 completed questionnaires from N = 1,418 enrolled medical students at the TUD, the response rate in 2020 was approx. 34%. N = 66 students who (1) participated in both study years (2020–2022) (2) provided complete information on all health behaviours and (3) provided a pseudonymisation code for identification, could be included in Sub-study B. In 2022, the study population was M = 24.61 years old (SD = 3.7) and 72.7% were female. The participants in Sub-study B are socio-demographically comparable to those in Sub-study A, except for differences in semester distribution (see Table 1).



Sub-study A—self-assessment of changes in health behaviour due to the COVID-19 pandemic | cross-sectional study

The self-assessment of the 6 different forms of health behaviour (physical activity, screen time, sleep duration, consumption of unhealthy foods, alcohol and of tobacco products) and their changes (decrease, no change, increase; single choice) are shown in Table 2. The respective reasons (changed habits, lockdown/regulations, fear/worries, financial reasons, time reasons, motivational reasons, health-related reasons, Other) are shown in Figure 2 (values see Supplementary material 3).



TABLE 2 Self-assessment of changes in health behaviour due to the COVID-19 pandemic (Single Choice).
[image: Table detailing changes in health behavior with counts and percentages for decrease, no change, and increase. Categories include physical activity, screen time, sleep duration, consumption of unhealthy foods, alcohol, and tobacco products. Most notable changes are in screen time with an increase of 397 (69%), consumption of unhealthy foods with an increase of 139 (24.2%), and a significant no change for consumption of tobacco products at 500 (87.4%). Total participants vary per category.]

[image: Bar chart showing reasons for changes in habits during a lockdown across various activities. Categories include physical activity, screen time, sleep duration, unhealthy food consumption, alcohol, and tobacco use. Reasons are segmented by changed habits, lockdown regulations, fear/worry, financial, time, motivational, health-related, and other reasons, each represented by different colors. Physical activity and consumption of alcohol have the highest percentage attributed to lockdown/regulations. Screen time shows a significant increase due to changed habits. Other categories vary in reasons for change, with detailed percentages listed next to each segment.]

FIGURE 2
 Reasons for changed health behaviour in % (multiple choice).




Sub-study B—longitudinal analysis of health behaviour 2020–2022


Physical activity

In 2020, students exercised for an average of M = 124.5 min (SD = 92.7) per week at moderate intensity according to the definition of the WHO (see Supplementary material 2.1). In 2022, students exercised M = 191.0 min (SD = 154.0) at moderate intensity. The paired sample sign test showed a significant increase in the median from 120.0 min in 2020 to 130.0 min in 2022 (z = 2.375, p = 0.018).

In 2022, significantly (p < 0.001) more students (N = 33, 50%) exercised at least 150 min per week at moderate intensity than in 2020 (N = 17; 25.75%).

Among the students who showed a decrease in physical activity, the average decrease was M = −99.27 min, while for those who showed an increase, the average increase was M = +156.5 min (see Table 3).



TABLE 3 Longitudinal analysis of health behaviour change.
[image: Table summarizing changes in health behaviors over time. For physical activity, 63.6% increased, 2% had no change, and 33.3% decreased. Screen time increased in 51.5%, while 10.6% had no change, and 37.9% decreased. Sleep duration increased for 37.9%, with 24.2% unchanged and 37.9% decreased. Unhealthy food consumption increased in 31.8%, 2% unchanged, and 65.2% decreased. Alcohol consumption increased for 40%, with 13.8% unchanged and 46.2% decreased. Tobacco use increased for 4.5%, with 89.4% unchanged and 6.1% decreased. Data includes average changes and standard deviation.]



Screen time

In 2020, students spent an average of M = 4.9 h (SD = 2.2) in front of a screen for study/work reasons and M = 2.4 h (SD = 1.4) for leisure reasons. The total screen time (TST) in 2020 totalled M = 7.3 h (SD = 2.2).

In 2022, students spent M = 5.2 h (SD = 2.3) in front of a screen for study/work reasons and M = 2.6 h (SD = 1.5) for leisure reasons. The TST in 2022 was M = 7.71 h (SD = 2.4).

The Wilcoxon signed-rank test revealed no significant difference in screen time in 2020 vs. 2022 for both study/work (median: 4.5 h vs. 5.0 h, z = 1.026, p = 0.305) and leisure (median: 2.0 h vs. 2.0 h, z = 0.370, p = 0.711). The sign test for paired samples showed that the median difference in TST between 2020 (median: 7.0 h) and 2022 (median: 8.0 h) was not significant (z = 1.042, p = 0.298).

Among the students who showed a decrease in screen time (TST), the average decrease was M = −2.5 h, while for those who showed an increase, the average increase was M = +2.6 h (see Table 3).



Sleep duration

The students slept on average in 2020 M = 7.25 h per night (SD = 1.0) and in 2022 M = 7.37 h per night (SD = 1.1). The Wilcoxon signed-rank test showed that there was no significant difference (z = 0.000, p = 1.00) in the median (7.0 vs. 7.5 h) in sleep duration in 2020 vs. 2022.

In 2020, roughly as many students slept less than 7 h (N = 15, approx. 23%) as in 2022 (N = 14 students, approx. 24%, p = 1.00).

Among the students who showed a decrease in sleep duration, the average decrease was M = −1.04 h, while for those who showed an increase, the average increase was M = +1.36 h of sleep per night (see Table 3).



Consumption of unhealthy foods

On a scale of 0 to 100, the students achieved an average total score of M = 9.79 (SD = 7.7, range: 1.3–31.8) for the consumption of unhealthy foods in 2020 and a total score of M = 8.35 (SD = 7.6, range: 0.7–42.1) in 2022 [Reference: a value of 10 means that 1 group of unhealthy foods (e.g., fast food) was consumed twice a day in the last 3 months – scoring and food groups see Supplementary material 2.4].

The Wilcoxon signed-rank test showed that significantly more unhealthy foods were consumed in 2020 than in 2022 (median: 6.75 vs. 6.22, z = 2.625, p = 0.009).

Total scores for each food group [(A) fast food; (B) sweets, chocolate, cakes; (C) lemonade, juices, sugary drinks; (D) energy drinks] were calculated across all students (see Supplementary material 3). The score ranged from 0 to 1,650 where the maximum (1650) corresponds to the consumption of a food group by all students (N = 66) ≥5x/day (=25). The most frequently consumed food group across all students in 2020 and 2022 was (B) sweets, chocolate, cakes (373.3 and 349.4 points). While the consumption of all unhealthy food groups declined from 2020 to 2022, the biggest decrease was found for (D) energy drinks (37.8 vs. 6 points).

Among the students who showed a decrease in the consumption of unhealthy foods, the average decrease was M = −4.7 points, while for those who showed an increase, the average increase was M = 5.1 points (see Table 3).



Alcohol consumption

On average, students drank M = 103 alcoholic drinks in the last 12 months in 2020 (range: 0–455). In 2022, the average number of alcoholic drinks consumed in the last 12 months was M = 114 (range: 0–780). The Wilcoxon signed-rank test showed no significant difference in the median between alcohol consumption in 2020 and 2022 (median: 54.0 vs. 72.0; z = 0.401, p = 0.688).

The number of people who did not consume an alcoholic drink in 2020 was N = 11 people (16.7%), in 2022 N = 12 people (18.7%).

Among the students who showed a decrease in the consumption of alcohol, the average decrease was M = −67.2 drinks per year, while for those who showed an increase, the average increase was M = 110 drinks per year (see Table 3).



Consumption of tobacco products

Among all students, the average sum score (0–100) was M = 0.82 in 2020 and M = 0.62 in 2022. The median difference (0.0 vs. 0.0) was not significant (z = 0.0, p = 1.0) [Reference: a value of 7.6 means that 1 tobacco product (e.g., cigarettes) was consumed daily in the last 30 days – scoring see Supplementary material 2.6]. Among those who consumed tobacco products, the average sum score (0–100) was M = 10.9 in 2020 and M = 5.9 in 2022.

The number of those who consumed tobacco products in 2020 (N = 5 students, 7.5%) was not significantly different from the number who consumed tobacco products in 2022 (N = 7 students, 10%), p = 0.625.

Among the students who showed a decrease in the consumption of tobacco products, the average decrease was M = −7.4 points, while for those who showed an increase, the average increase was M = 5.4 points (see Table 3).



Post hoc analysis

As part of a post hoc analysis, the extent to which the individual changes in all health behaviours are related to each other was examined. The changes in the different health behaviours were widely independent of each other. Only the increase in physical activity showed a non-significant negative association with a decrease in the consumption of unhealthy foods (r = −0.150, p = 0.079) (see Supplementary material 4).






Discussion


Physical activity

In Sub-study B, physical activity among medical students increased significantly from 2020 to 2022, with 50% meeting the WHO guideline (14) of at least 150 min of moderat-intensity activity per week. Nearly two-thirds of students reported an increase, averaging about additional150 minutes weekly, while one-third recorded a decrease, averaging about 100 min. Few students reported no change. Although, high standard deviations (of up to 160 min overall) indicate high interindividual differences in the change of physical activity between 2020 to 2022. In Sub-study A, around 50% reported a reduction in their physical activity due to the pandemic – mainly due to lockdown and changed habits. This heterogeneous result, both in relation to the pandemic and in the longitudinal comparison between 2020 and 2022, is consistent with the existing literature to date. Whereas a systematic review reports a decrease in physical activity among students at the beginning of the pandemic (15) although later studies (16) cannot confirm a decrease. One of the reasons for this is that different forms of exercise (everyday activities, sport) have changed differently during the pandemic, depending on the respective daily routine. In contrast to reviews (2, 17) which show no differences in pandemic-related changes in physical activity based on sociodemographic factors such as age and gender, psychological, social and environmental factors seem to have an impact. Although these factors were not examined in this study, the findings provide the first description of the development of physical activity in a European student cohort from the start to the end of the pandemic.



Screen time

Screen time for study/work, screen time for leisure reasons and conclusively total screen time increased slightly but non-significant from 2020 to 2022 among medical students. There were high interindividual variations ranging from a sharp decrease (−2.5 h) to a sharp increase (+2.6 h). In Sub-study A, around 70% of students stated that their screen time increased due to the pandemic and the measures, which is consistent with the current literature (18, 19). The increase can be primarily explained by the implemented online teaching and remote working during the pandemic. All students from Sub-study B were already in clinical semesters in 2022 where less online teaching took place and more attendance time in the clinic was required than in the pre-clinical semesters. This circumstance is likely to have contributed to the non-significant difference in screen time between 2020 and 2022. Moreover, although screen time increased during the pandemic (as shown in Sub-study A), the transition of online teaching and remote work back to in-person formats by the end of the pandemic may decreased screen time for medical students back to pre-pandemic levels. Up to date, there is little evidence on post-pandemic screen time, but existing findings (20) suggest a decrease compared to pandemic levels, which is in accordance with the present data.



Sleep duration

Medical Students reported sleeping roughly the same amount in 2020 as in 2022 (4-week Ø 2020 M = 7.25 h per night; 2022 M = 7.37 h per night). In Sub-study A, approximately 70% of students reported that their sleep duration remained unchanged as a result of the COVID-19 pandemic. These results are congruent with the overall results of Sub-study B and an international meta-analysis (21) which concluded that the COVID-19 pandemic had no impact on the sleep duration of medical students. However, if we look at the study cohort from Sub-study B according to the categorical change (decrease, no change and increase), an increase or decrease can be seen in about 75% of students between 2020 and 2022. However, it is in the nature of the analysis that even small changes in the information provided by the students (for example, sleep duration 7.00 h in 2020 and 7.25 h in 2022) result in a change according to the categorisation. Furthermore, it seems plausible that the differing data from sub-studies A and B are not contradictory but instead reflect different time periods (e.g., the lockdown phase vs. typical behaviour in 2022). According to the AASM guideline, individuals should have at least 7 h of sleep per night (22). The fact that still every fifth medical students sleeps less than 7 h in 2022, highlights the before mentioned need (23) for interventions to promote healthy sleep habits.



Consumption of unhealthy foods

The median consumption of unhealthy foods among medical students decreased slightly but significantly from 2020 to 2022. While the overall change has no pronounced clinical relevance, the average decrease (4.7 points) equates to about one fewer unhealthy food item per day, affecting approximately two-thirds of students. Although the exact consumption cannot be determined from the available data, all categories of unhealthy foods showed a decline, particularly energy drinks. The overall decrease from 2020 to 2022 contrasts with Sub-study A (almost 70% report no pandemic-related change in the consumption of unhealthy foods) and international systematic reviews (24, 25) which report an increase in unhealthy eating habits due to the pandemic. While the consumption of all unhealthy foods decreased in the present study, another systematic review (26) show heterogeneous results regarding the consumption of unhealthy foods (increase in sweets, decrease in fast food) due to the pandemic. Whether medical students eat more healthily than students of other disciplines is the subject of a contradictory debate (27, 28). Further studies are needed to provide a clearer picture of the dietary habits of medical students in Germany and to reconcile these contrasting findings.



Alcohol consumption

Alcohol consumption among medical students did not differ significantly between 2020 and 2022, averaging about 1 drink per week in 2020 and 1.4 in 2022. The proportion of students abstaining from alcohol remained nearly unchanged (2020: 16.7%, 2022: 18.7%). However, some students reported a notable increase in consumption (Ø +110 drinks annually, ~2 per week), while others reduced their intake by an average of 67 drinks (~1.3 per week). As this is a 12-month prevalence, the recorded rate provides a good reflection of alcohol consumption during the latter half of the pandemic. Similar to other health behaviours such as physical activity, a heterogeneous trend of change (either increase or decrease) is visible between 2020 and 2022. These findings are consistent with international studies, according to which the change in alcohol consumption due to the pandemic varied greatly (29, 30). In contrast, the proportion of students (~20%) abstaining from alcohol remained relatively stable, adhering to the WHO’s statement, that any level of alcohol consumption poses risks (31).



Consumption of tobacco products

The prevalence of the consumption of tobacco products among medical students was not significantly different between 2020 (7.5%) and 2022 (10%). While a score of 7.6 reflects frequent use, medical students scored an average of 0.82 (2020) and 0.62 (2022), with cigarettes being the most commonly consumed product in 2022. Medical students in this cohort differ in this respect from a representative sample of the population aged 18–24, most of whom consume various tobacco products. The prevalence of cigarette smoking among medical students in 2022 (10%) is comparable to that of the general population in the same age group (approximately 10–13% in 2021) (32). In Sub-study A, almost 90% of students stated that their smoking behaviour had not changed as a result of the pandemic, which is comparable to medical students in other European countries (33, 34). Given that the 30-day prevalence of tobacco use among medical students can vary greatly depending on the survey period (e.g., exam period vs. non-exam period), it is important that future studies analyse longer time periods.



Synopsis

While certain health behaviours, such as physical activity and consumption of unhealthy foods improved between 2020 and 2022, others like screen time and sleep duration as well as alcohol and tobacco consumption remained largely unchanged on average. Thereby, notable interindividual variations in health behaviour change among medical students were found. This is also reflected in the heterogeneous literature about health behaviour changes due to the pandemic. Partly, interindividual variations can be explained by different psychological, social and environmental situations students face. Furthermore, some students who participated in Sub-study A might not have been enrolled in medical school in 2020, suggesting a different living situation (e.g., attending school), which could inevitably be associated with different health behaviours. It cannot be conclusively determined whether differences between Sub-study A and Sub-study B are due to differences in content (reference to different time frames) and/or methodological differences (e.g., recall bias). The observed changes—significant increases in physical activity and reduced consumption of unhealthy foods as well as stable low rates of tobacco consumption point to an overall resilient and health-conscious cohort.



Limitations

The data analysed in this study, was collected from a single German medical faculty, and the participation rate for Sub-study A was only 36%. In addition, only limited pseudonymised, matchable data was available for the longitudinal analysis in Sub-study B, which limits the generalisability of the results.

The study populations of Sub-study A and the pseudonymised sub-group of Sub-study B were easily comparable due to the given socio-demographic characteristics. The only unavoidable difference was that the students who had already been surveyed in 2020 were no longer represented in preclinical semesters 2 years later. Moreover, a change in semester phase might influence health behaviour, which is not directly accounted for in the present data.

There is data indicating that health literacy is higher among medical students than among non-medical students (13, 35). In case that increased health literacy cloud go along with more socially desirable responses regarding health behaviour, data could be distorted. Future studies should investigate whether socially desirable response behaviour to health questions is more common among medical students than students of other disciplines.




Conclusion and outlook

To asses health behaviour change, this study employed a combined cross-sectional and longitudinal approach, which has been relatively less common in previous research. In particular, students stated that they were less physically active and spent more time in front of the screen due to the COVID-19 pandemic and the associated restrictions. The reasons given for this are in particular the lockdown and changed habits. The findings should inform the development of future preventive measures. Nevertheless, the longitudinal analysis showed that medical students were more physically active and consumed less unhealthy food after the end of the pandemic. Although a non-significant association between these two behaviours were found in the post-hoc analysis, in order to be able to speak of a trend, future studies must be conducted over a longer period of time with a higher number of cases. Overall, it can be stated that medical students in Dresden, Germany lead a relatively healthy lifestyle.
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Association between sleep duration, sleep trouble and all-cause mortality in individuals with hyperuricemia in the United States
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Objectives: Despite the crucial role of sleep quality in hyperuricemia onset and progression, there is limited evidence on sleep interventions to improve outcomes for hyperuricemic individuals. This study aims to investigate the effects of sleep duration and sleep difficulties on all-cause mortality in this population.
Materials and methods: We conducted a secondary analysis of the National Health and Nutrition Examination Survey (NHANES) data from 2007 to 2018, including 5,837 participants. We employed weighted multivariable Cox proportional hazard models to evaluate the independent predictive value of sleep duration and trouble for all-cause mortality. Restricted cubic splines and segmented Cox proportional hazard models were used to examine threshold effects.
Results: During a mean follow-up of 6.5 years, 906 participants experienced all-cause mortality. After adjusting for confounders, both short (< 7 h; HR = 1.25; 95%CI: 1.04, 1.51; p = 0.018) and long (>9 h; HR = 1.50; 95%CI: 1.10, 2.04; p = 0.011) sleep durations were associated with increased all-cause mortality. The threshold analysis identified an optimal sleep duration of 7.23 h, and when sleep duration was below 7.23 h, it was inversely related to mortality (HR: 0.879; 95% CI: 0.788, 0.981; p = 0.022). Conversely, when sleep duration exceeded 7.23 h, it was positively associated with mortality (HR: 1.187; 95% CI: 1.066, 1.320; p = 0.002).
Conclusion: Sleep duration is U-shapedly associated with all-cause mortality among individuals with hyperuricemia in the United States. However sleep trouble was not associated with all-cause mortality. Maintaining optimal sleep duration helps improve the prognostic survival rates of those with hyperuricemia.
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1 Introduction

Uric acid (UA) is primarily produced by the liver and represents the final product of purine catabolism. When UA is synthesized too much or excreted too little through the kidney and intestine, hyperuricemia may result (1). A broad survey conducted in the U.S. between 2015 and 2016 revealed that 20.1% of adults were affected by hyperuricemia, with a prevalence of 27.2% among those aged 65 and older (2). Studies have demonstrated that hyperuricemia is linked to the development of diseases across various organs and systems in the body. This includes cardiovascular disease (CVD) in the circulatory system, kidney diseases in the urinary system, diabetes mellitus (DM) in the endocrine system, as well as gout in the musculoskeletal system (3, 4). Furthermore, serum UA levels measured upon hospital admission are a strong independent predictor of negative cardiovascular outcomes (5). Importantly, hyperuricemia is not only linked to a higher frequency of related diseases but also has a significant independent association with both cardiovascular and all-cause mortality rates (6).

Research indicates that the sleep health plays a significant role in both the onset and progression of hyperuricemia (7–10). It involves getting enough sleep and a good quality of sleep. Numerous studies have explored the link between sleep and hyperuricemia. According to data from the China Health and Nutrition Survey (CHNS), people who sleep less are at an increased risk for hyperuricemia (11). Additionally, another cross-sectional study from the Chinese population found that individuals with longer sleep durations tend to have a reduced incidence of hyperuricemia when compared to those with shorter sleep durations (12). In the Mediterranean older population, sleep duration was negatively correlated with serum UA levels (13), while in the Korean female population, the association became U-shaped (14), and this difference may be due to race, age, and sex. At present, some known molecular mechanisms also support these findings, when sleep deprivation (15), purine and other protein breakdown products will increase, resulting in increased synthesis of UA, and when lack of sleep, it will increase the body’s insulin resistance (7), which further promotes the occurrence and development of hyperuricemia (8). In addition, insufficient or excessive sleep has been shown to be associated with conditions such as hyperlipidemia, hypertension, DM, CVD, and obesity (16, 17), which increase the risk of all-cause mortality in individuals to some extent. This is also confirmed in the study concerning sleep duration and all-cause mortality, that is, the relationship between the two is U-shaped, and insufficient or too long sleep will increase all-cause mortality (18). Although existing research has investigated the link between hyperuricemia, sleep, and all-cause mortality, the effect of sleep duration and sleep trouble on all-cause mortality in hyperuricemic individuals has not been clarified. Therefore, this study delves into the effect of sleep duration and sleep trouble regarding all-cause mortality in those with hyperuricemia, and gives recommendations for optimal sleep duration for hyperuricemic individuals through threshold effect analysis. This will help to clarify the health benefits of intervening sleep on hyperuricemic individuals, provide a scientific basis for clinical intervention, and improve the health outcomes of hyperuricemic individuals.



2 Materials and methods


2.1 Study design and population

This study analyzed data from the National Health and Nutrition Examination Survey (NHANES) spanning six cycles from 2007 to 2018. NHANES, established in the 1960s, aims to provide a comprehensive understanding of the U.S. population by systematically collecting data on their health and nutrition. Participants are randomly chosen from a range of populations across the United States to provide a representative sample. The basic content of NHANES includes demographic information, health status, nutrition data, and physical examination data. NHANES data are widely utilized for public health research, health guidance, and early disease prevention. From 2007 to 2018, the NHANES included 59,842 participants, where we removed individuals under the age of 20 (N = 25,072), in addition to deaths with ineligible data (N = 71), missing data on UA (N = 3,473), missing sleep duration and sleep trouble (N = 139), and participants who did not suffer from hyperuricemia (N = 25,250) in participants. A total of 5,837 participants were ultimately enrolled in the study, as shown in Figure 1.

[image: Flowchart detailing participant selection from NHANES 2007-2018 study. Starting with 59,842 participants, excluding those under 20 (25,072), reducing to 34,770. Excludes 139 for missing sleep data, 3,473 for missing uric acid data, 71 for ineligible mortality, leaving 31,087. Further excludes 25,250 without hyperuricemia, resulting in 5,837 participants for analysis.]

FIGURE 1
 Flowchart of the participants selection from NHANES 2007–2018. NHANES, National Health and Nutrition Examination Survey.




2.2 Measurement of serum UA and definition of hyperuricemia

Serum samples from participants were stored at low temperatures until transported to a collaborating laboratory for analysis. Serum UA was measured by colorimetry using the Beckman Coulter UniCel® DxC800 Synchronizer from 2007 to 2016 and the Roche Cobas 6,000 chemistry analyzer from 2017 to 2018 (19). Hyperuricemia is identified when serum UA levels surpass 7.0 mg/dL in males and 6.0 mg/dL in females (20).



2.3 Sleep duration and sleep trouble

Both sleep duration and sleep trouble were recorded by self-reporting. Sleep hours were recorded from 2007 to 2016 through the question “How much sleep do you usually get at night on weekdays or workdays?” From 2017 to 2018 through the questions “Number of hours usually sleep on weekdays or workdays.” and “Number of hours usually sleep on weekends or non workdays.” Sleep duration was recorded. Three categories were used to categorize the amount of sleep: normal (between 7 and 9 h), short (less than 7 h), and long (more than 9 h) (21). Assessing whether the participants have trouble sleeping by asking the question, “Have you ever told a doctor or other health professional that you have trouble sleeping.” More detailed details of the issue can be found in Supplementary Tables 1, 2.



2.4 Determination of mortality outcomes

To ascertain the all-cause mortality of participants, we used National Death Index (NDI) records prior to December 31, 2019, which correlated participants’ death certificate records with public mortality files provided by NCHS through a probability matching algorithm.



2.5 Covariates

Previous studies on hyperuricemia and sleep provided a basis for the covariates chosen for this investigation. Demographic characteristics were obtained through standardized household interviews, these include age, gender (male or female), race (Non-Hispanic Black, Non-Hispanic White, Mexican American, and others), education (less than high school, high school and above high school), insurance coverage (yes or no), and poverty-income ratio (PIR; < 1.3, 1.3–3.5 and > 3.5). Part of the participants’ health status was obtained through self-report questionnaires, these include smoking status (never, now and former), alcohol consumption (never, former, mild–moderate and heavy), cancer (yes or no), gout (yes or no), and CVD (yes or no). The measurement of UA levels has been described in detail above. Physical activity was assessed using the Physical Activity Questionnaire (PAQ). This encompasses four categories of physical activity, with each category scored based on NHANES guidelines for the metabolic equivalent of task (MET) (22). Based on the U.S. Physical Activity Guidelines, participants were classified into four levels of physical activity: Extremely highly active, highly active, Low-active, and inactive. The specific criteria for these classifications are detailed in Supplementary Table 3. Body Mass Index (BMI) was measured using a standardized scheme in the mobile examination center. The definitions of hypertension, DM, and chronic kidney disease (CKD) refer to similar previous studies, and the detailed diagnostic criteria are shown in Supplementary Table 4 (23, 24).



2.6 Statistical analyses

All statistical analyses of this study were followed “The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies.” Because NHANES uses a complex multi-stage stratified probability survey design, this study integrates survey design variables and sampling weights to avoid analytical bias and thus provide accurate estimates. Continuous variables were represented by mean and standard deviation (SD) to illustrate their central tendency and variability, whereas categorical variables were depicted through weighted percentages (95% confidence intervals, 95% CI) to reflect their distribution across different groups. One-way analysis of variance (ANOVA) was employed for continuous variables to evaluate variations among groups, while categorical variables were analyzed using the Rao-Scott chi-square test to accurately evaluate relationships between categorical variables. To assess the independent predictive value of sleep duration and sleep trouble for all-cause mortality, we developed a multivariable Cox proportional hazard model. Model 1 adjusting for age, sex and race. Model 2 further adjusted for alcohol consumption, Smoking status, education, PIR, insurance coverage, BMI, physical activity level and UA. Model 3 further adjusts for cancer, gout, DM, hypertension, CVD and CKD on the basis of Model 2.

In order to investigate the dose–response relationship between sleep duration and all-cause mortality, we employed the Cox proportional hazard model fitted by restricted cubic splines (RCS). If RCS indicates a non-linear association between the two, then, a “segmented” package based on likelihood ratio test and bootstrap resampling method is further used to determine the inflection point (25). Specifically, we set three knots at the 10th, 50th, and 90th percentiles of the data, respectively, to capture the non - linear association between sleep duration and all - cause mortality. Furthermore, we employed a segmented Cox proportional - hazards regression model on both sides of the inflection point to explore the impact of sleep duration on either side of the inflection point on all - cause mortality. To explore differences among subgroups, we performed stratified analyses by age, sex, and race in a fully adjusted model, and evaluated interactions between variables by detecting likelihood ratios, with p-values less than 0.05 considered statistically significant.

Statistical analyses for this study were performed using R software (version 4.1.3), and missing values of covariables were processed by using missforest. Supplementary Table 5 shows the missing comprehensive data. Sensitivity analysis was conducted based on the following criteria: (1) only participants with complete covariate data were included; (2) participants with cancer were excluded.




3 Results


3.1 Baseline characteristics

This study analyzed 5,837 participants, with an average baseline age of 51.30 ± 0.34 years and a mean UA level of 7.50 ± 0.02 mg/dL. Of these, 44.30% were female (95% CI 41.22–47.38), and the average BMI was 32.69 ± 0.15 kg/m2. The all-cause mortality for the cohort was 11.36% (95% CI: 10.04–12.67). All-cause mortality was 10.33% (95% CI: 8.96–11.70) for those with normal sleep duration, 12.20% (95% CI: 10.20–14.21) for those with short sleep duration, and 17.53% (95% CI: 13.19–21.86) for those with prolonged sleep duration. The groups’ all-cause mortality varied significantly, with the group with normal sleep duration having the lowest all-cause mortality. Demographically, those with normal sleep duration had a higher likelihood of being older men, as well as those with moderate insurance coverage, higher education levels, and higher economic income than those with short or long sleep duration. In terms of health status, participants with normal sleep duration were more likely to have a moderate BMI, lower UA levels, lower prevalence of gout, lower prevalence of DM, lower prevalence of hypertension, lower smoking levels, and lower prevalence of CVD. Among all participants, 31.19% (95% CI: 28.74–33.65) reported sleep trouble. Among individuals with shorter sleep duration, 38.24% (95% CI: 35.33–41.14) reported sleep trouble, while among those with longer sleep duration, 35.75% (95% CI: 28.79–42.70) reported sleep trouble. Table 1 displays all of the participants’ basic characteristics.



TABLE 1 The variable order is currently disorganized, and I will re-upload a file with the correct variable order without modifying the data.
[image: A detailed table comparing various demographic and health-related characteristics across different sleep duration categories: normal (7–9 hours), short (<7 hours), and long (>9 hours). Variables include age, sex, race, education, poverty-income ratio, insurance status, smoking and alcohol consumption status, physical activity levels, BMI, uric acid levels, and the presence of conditions such as diabetes, hypertension, gout, cancer, cardiovascular, and chronic kidney disease. The table also includes p-values for statistical significance.]



3.2 Sleep duration, sleep trouble, and all-cause mortality in hyperuricemic individuals

Over a follow-up period of 6.5 years on average, a total of 906 participants died. As shown in Table 2, in models 1, 2, and fully adjusted models, participants with shorter and longer sleep durations had higher mortality risk ratios in contrast to those with normal sleep durations. In the fully adjusted model, compared to those with normal sleep duration, participants with shorter sleep duration had a mortality HR of 1.25 (95% CI: 1.04, 1.51; p = 0.018), while those with longer sleep duration had a mortality HR of 1.50 (95% CI: 1.10, 2.04; p = 0.011). In model 1, participants with sleep trouble have a higher mortality HR compared to those without sleep trouble, with a p-value of 0.008, indicating statistical significance. However, in models 2 and 3, after adjusting for confounding factors, this association loses its statistical significance.



TABLE 2 Cox proportional hazard model for sleep duration, sleep trouble and all-cause mortality in hyperuricemic individuals.
[image: Table comparing hazard ratios (HR) and p values for sleep time and trouble across three models. Short sleep (<7h) and long sleep (>9h) show increased HR values compared to normal sleep (7-9h), with the highest in Model 1 for long sleep (1.97). Sleep trouble shows increased HR, with significance only in Model 1. Models adjust for factors such as age, sex, and race, with additional variables in Models 2 and 3.]



3.3 Nonlinear association between sleep duration and all-cause mortality in hyperuricemic individuals

To further examine the nonlinear association, we used RCS analysis in a fully adjusted Cox proportional hazard model, which demonstrated a U-shaped association (nonlinear p < 0.001) between sleep duration and the all-cause mortality risk ratio, as shown in Figure 2. The inflection point for the association between sleep duration and the HR of all-cause mortality is 7.23 h. To further investigate the trends and strength of the association between sleep duration and the HR of all-cause mortality on either side of the inflection point, we used a segmented model for analysis. The findings from the likelihood ratio test indicate that the segmented model fits the data better compared to the overall model. When sleep duration was less than 7.23 h, sleep duration was negatively correlated with the risk ratio of all-cause death, and the risk of all-cause death was decreased by 12.1% for each hour increase in sleep duration (HR:0.879, 95%CI: 0.788, 0.981, p = 0.022). When sleep duration was greater than 7.23 h, the risk of all-cause death increased by 18.7% for each additional hour of sleep duration (HR:1.187, 95%CI: 1.066, 1.320, p = 0.002), as shown in Table 3.

[image: Graph depicting the relationship between sleep duration and multivariate-adjusted hazard ratios (HRs). The red line shows a U-shaped curve, with the lowest HR at approximately 7.5 hours of sleep. Shaded areas represent confidence intervals. P for overall and nonlinearity are both less than 0.001.]

FIGURE 2
 Nonlinear relationship between sleep duration and all-cause mortality by restricted cubic spline fitting. Adjusted for age, sex, race, body mass index, uric acid, insurance, education, smoking status, alcohol consumption status, poverty-income ratio, physical activity, cancer, gout, diabetes mellitus, hypertension, chronic kidney disease and cardiovascular disease.




TABLE 3 Threshold effect analysis of sleep duration on all-cause mortality in participants with hyperuricemia.
[image: Table showing results of a Cox proportional hazards model related to sleep duration and all-cause mortality. Total adjusted hazard ratio (HR) is 0.975 with a p-value of 0.207. An inflection point is noted at 7.23 hours. For sleep duration less than 7.23 hours, HR is 0.879 with a p-value of 0.022. For sleep duration equal to or greater than 7.23 hours, HR is 1.187 with a p-value of 0.002. P for log-likelihood ratio is less than 0.001. Variables include adjustments for factors like age, sex, and various health conditions.]



3.4 Subgroup and sensitivity analyses

The subgroup analyses examining the impact of age, sex, and race on the study results can be found in Supplementary Tables 6, 7. The analysis results indicate a notable interaction between sleep duration and race (P for interaction = 0.044). Specifically, when compared to those with normal sleep duration, the impact of insufficient sleep (HR:1.432; 95% CI: 1.148, 1.786; p = 0.001) and excessive sleep (HR:1.599; 95% CI: 1.095, 2.336; p = 0.015) on all-cause mortality is more pronounced among non-Hispanic White individuals. In the subgroup analyses of sleep duration by age and gender, no significant interactions were detected, nor were any significant interactions found regarding sleep trouble with age, gender, and race (all P for interaction >0.05), indicating that the results remain consistent across these different subgroups. To maintain the robustness of the research findings, we further excluded cases with missing covariates and hyperuricemia individuals with cancer in the sensitivity analysis, and obtained results similar to those before. The specific data and results can be found in Supplementary Tables 8, 9.




4 Discussion

This study uncovers the link between sleep duration and all-cause mortality in hyperuricemic individuals for the first time. The results of the study showed that all-cause mortality rose in hyperuricemic individuals with shorter and longer sleep duration compared with hyperuricemic individuals with normal sleep duration, and the two showed a U-shaped association. The inflection point for the relationship between sleep duration and all-cause mortality was 7.23 h. Our findings emphasize that normal sleep duration is an important prognostic factor for reducing all-cause mortality in hyperuricemic individuals. An intriguing point is that our findings were not what we expected, all-cause mortality in hyperuricemic individuals was not reduced by a sustained increase in sleep duration, but rather was U-shapedly correlated with sleep duration. Although most earlier research indicates a negative relationship between sleep duration and serum UA levels, this study found no notable variation in serum UA levels across participants with different sleep durations in the baseline data. This suggests that the U-shaped relationship between sleep duration and all-cause mortality in hyperuricemic individuals is not significantly affected by changes in serum UA levels, and that this association is more likely to result from the combined effect of all-cause mortality in the body due to a common or related pathophysiologic basis between higher UA levels and unhealthy sleep conditions.

Hyperuricemia and unhealthy sleep conditions are linked to the onset and development of a variety of diseases, including CVD, DM, metabolic syndrome, neurodegenerative diseases and CKD (1, 3, 26–28). The impact of hyperuricemia and unhealthy sleep conditions on disease is multifaceted, with both risk factors leading to common pathophysiological changes, including a pro-inflammatory response, increased oxidative stress and metabolic disturbances. Studies have shown that extracellular UA acts as an antioxidant in vivo, whereas higher levels of UA are transformed into an oxidative stressor, increasing oxidative stress and causing a variety of pathophysiological responses, including the promotion of inflammatory factor production, induction of inflammatory responses, as well as DNA damage, oxidization, and cell apoptosis (29). Both insufficient and excessive sleep promote inflammatory responses in the body, leading to chronic systemic low-grade inflammation, which further induces oxidative stress and reduces cellular antioxidant capacity (30, 31). Hyperuricemia is linked to metabolic syndrome and heightens the risk of its development. In addition, hyperuricemia leads to disorders of lipid metabolism, especially hypertriglyceridemia, and further promotes the accumulation of lipids in the body (32). Similarly, sleep deprivation causes dyslipidemia and increased insulin resistance in the body (33). These same pathophysiologic underpinnings promote the onset and development of diseases linked to unhealthy sleep conditions in hyperuricemic individuals, which leads to higher all-cause mortality in hyperuricemic individuals.

We note that not only is there an effect of sleep duration itself on all-cause mortality in hyperuricemic individuals, but that circadian rhythm disruption associated with insufficient and excessive sleep can likewise exacerbate this risk. Studies have shown that UA, as a compound, has a significant circadian rhythm in the human body (34), and that disrupted circadian rhythms are strongly associated with UA in the progression of various diseases, including CVD, cancer, metabolic syndrome, neurodegenerative diseases, and aging (35). Thus, for hyperuricemic individuals, a normal sleep duration not only improves the pathophysiologic response of the patient per se, but also effectively reduces the damage caused by circadian rhythm disturbances due to both insufficient and excessive sleep, thereby reducing the patient’s all-cause mortality.

Among the baseline characteristics of hyperuricemic individuals, individuals with long sleep duration were more likely to have inactive physical activity levels, while individuals with short sleep duration were more likely to have extremely active physical activity levels. Studies have shown that maintaining appropriate physical activity is effective in reducing all-cause mortality, CVD mortality, and cancer mortality (36). Excessive physical activity, however, can reduce the health benefits of exercise and even increase the risk of associated diseases, including atrial fibrillation, abnormal myocardial remodeling, and coronary artery calcification (37, 38). Additionally, there is evidence that appropriate physical activity improves sleep quality, while high intensity physical activity has no significant effect on sleep quality (39). High-quality sleep has many health benefits, including reduced incidence of CVD, reduced muscle strength impairment, enhanced cognitive and memory performance, and improved mental health (40–42). Thus, compared to the relatively active level of physical activity and good sleep quality of hyperuricemic individuals with normal sleep duration, individuals with too short and too long sleep duration are more likely to have an increased risk of developing related diseases due to inactive or extremely active physical activity and poorer sleep quality, and to further increase all-cause mortality in hyperuricemic individuals. It is worth noting that mental health problems, which is closely related to sleep duration and quality, also has a significant impact on an individual’s all-cause mortality. In a study of the general population in Spain, it was shown that those who slept less than 6 h were at greater risk for mental health problems (43). In a longitudinal study from China, poorer sleep quality, sleep deprivation on weekdays, and longer catch-up sleep on weekends were found to be strongly associated with the emergence of anxiety and depressive symptoms (44). In the college student population, shorter sleep duration as well as poorer sleep quality were associated with more mental health problems (45). Evidence suggests that poorer mental health is associated with increased all-cause mortality and premature death (46), whereas a healthy mental state is associated with lower all-cause mortality (47). Therefore, for hyperuricemic individuals, maintaining a normal sleep schedule has a positive effect on maintaining a healthy state of mental health, thereby reducing all-cause mortality in hyperuricemic individuals.

Our study determined that the optimal sleep duration for hyperuricemic individuals is 7.23 h, and hyperuricemic individuals at this sleep duration have the lowest all-cause mortality rate, making this inflection point clinically significant. Maintaining an optimal sleep duration in hyperuricemic individuals helps to reduce the body’s inflammatory response, oxidative stress, and metabolic disorders, and inhibit the onset and progression of related diseases, thereby achieving a reduction in the patient’s all-cause mortality. The optimal sleep duration identified in this study can guide the management of sleep duration in hyperuricemic individuals in clinical practice. Healthcare professionals ought to be mindful of the sleep duration of hyperuricemic individuals and make recommendations or reasonable interventions for individuals’ sleep duration. In addition, in clinical practice, individualized sleep management programs need to be developed according to the specific conditions of individuals to actively improve the prognosis of survival in hyperuricemic individuals.

Not only does this study provide important clinical insights, it also has several noteworthy strengths. First, this study was based on a nationally representative sample of U.S. adults for further analysis, which made our sample size sufficiently large and representative. In addition, our study controlled for some potential confounders, which made our findings more reliable, and the results of the sensitivity analyses indicated that the relationship between all-cause mortality and sleep duration in hyperuricemic individuals stayed relatively constant. Nevertheless, this study has some limitations. The UA level in this study was measured only once, and UA level is a dynamic variable that is highly influenced by diet, medication, and lifestyle habits; therefore, the UA data in this study do not provide a comprehensive picture of an individual’s UA level. The sleep duration used in this study was obtained by self-report, which may lead to some subjective bias, and our study did not consider the effect of sleep quality on all-cause mortality. Objective sleep measurement tools should be applied in future studies to comprehensively assess the effects of sleep duration and sleep quality on all-cause mortality. In this study, various sleep problems were uniformly classified as “trouble sleeping” for analysis. This may have masked the true relationships between different specific types of trouble sleeping, hyperuricemia, and all - cause mortality. Due to data limitations, we were unable to conduct a detailed sub - analysis of these differences. As a result, when interpreting the findings, we might not accurately capture the complex connections among them. This could make the potentially existing associations ambiguous and even lead to the conclusion of no correlation. In addition, it was not possible to include all confounders in our study due to data availability limitations.



5 Conclusion

The findings of this research suggest that sleep duration is strongly associated with all-cause mortality in hyperuricemic individuals. Among our nationally representative cohort of hyperuricemic individuals, we observed a U-shaped association between sleep duration and all-cause mortality in hyperuricemic individuals. All-cause mortality was lowest when sleep duration was 7.23 h, decreased by 12.1% for each additional hour of sleep when sleep duration was less than 7.23 h, and increased by 18.7% for each additional hour of sleep when sleep duration exceeded 7.23 h. However self-reported sleep trouble was not associated with all-cause mortality. Therefore, the focus should be on sleep duration in hyperuricemic individuals to actively improve their prognostic survival.
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Obesity plays a significant role in the burden of various health conditions, it is not only a global health issue but challenges the national public health system. Some regions of China still face a high prevalence of obesity, and it is broadly recognized that physical activities interact with lifestyle in different pathways would affect obesity. We aim to capture different configurational paths that lead to obesity, using the fuzzy set Qualitative Comparative Analysis. Eight obesity-related variables were involved, and data were collected between January 1, 2021, and January 31, 2022. The study shows six configurational paths result in obesity, in which the necessary condition is “educational status,” and core conditions of “the time of exercise” and “weekly sitting time*sleeping time less than 6 h*second hand smoking exposure on average of 4–6 days per week *keep excising on average of 4 times per week* exercise intensity on the shortness of breath, markedly increased heart rate, heavy sweating” play an important role in the obesity outcome, and the solution exhibits acceptable consistency is 0.50. The six configurational paths solution consistency is 0.76, and the solution coverage is 0.31. Besides the necessary condition and core factors that play(s) an important role in the development of obesity, we have to consider the multiple factors of physical activity and lifestyle have a cross-cutting effect on obesity. This can offer a better understanding of the mechanisms that cause obesity by identifying and characterizing the regional population, which would help develop an effective protective measure for obesity.
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1 Introduction

With the proposal and promotion of the construction of “Healthy China 2030,” which focuses on popularizing healthy living, optimizing health services, building healthy environments and developing health industries, emphasizing personal health responsibilities, emphasizing the importance of prevention and a healthy lifestyle, and effectively controlling lifestyle behavioral factors that affect health. Under this policy, the prevention and control of chronic diseases have made positive progress and obvious results. However, the problem of obesity in China is still serious, and the prevalence of obesity is rapidly rising (1, 2). In a recent national survey, more than half of Chinese adults and one-fifth of children are overweight or obese (3), and another study investigated more than 1.5 million participants (median age 40 years; mean body mass index (BMI) 24.1 kg/m2; 52.8% male) and showed that 34.8% were overweight and 14.1% were obese according to China’s body mass index classification which indicates over 28 kg/m2 is obesity, over 24 kg/m2 regarded as overweight, and less than 18.5 kg/m2 classify underweight (4). Although there are regional and demographic differences, the gap in overall obesity rates between urban and rural areas is narrowing (3), which severely impacts the health status of individuals and increases their financial burden. At the same time, a series of therapeutics has been developed based on the causes and mechanisms of obesity, such as medical nutritional therapy, obesity management, and bariatric surgery (5). These implemented independent preventions and actions are still insufficient to effectively control the occurrence of obesity due to multiple factors (6), which is because the conditions that lead to obesity do not exist independently of each other. The complex interactions among biological, behavioral, social, and environmental factors impact the regulation of energy balance and fat storage (7).

The three-layered framework for studying obesity in China indicates that the growth of obesity in China is driven by unhealthy diets and physical inactivity, which can be magnified or modified at the individual level by genetic susceptibility, psychosocial factors, obesogens, and adverse early life exposures, among other concurrent potential risk factors (3). In addition, the WHO argues that insufficient physical activity is the 4th leading risk factor for mortality, having a 20–30% increased risk of all-cause mortality (8). Therefore, we explored the effects of interactions among risk factors on obesity at the individual level through physical activity and lifestyle habits to provide evidence for preventing, identifying, and managing obesity.

The results of previous studies suggest that physical activity and lifestyle have a significant influence on an individual’s obesity, regardless of diet. When living a bad lifestyle like poor sleeping which can lead to insufficient sleep, the secretion of adipokines such as leptin, lipocalin and endolysin, the secretion rhythm and the dynamic balance between them is disturbed (9). The metabolic changes of adipokines are also affected by PAHs derived from the combustion of cigarettes in the environment of secondhand smoke (10), as well as impacted by an accumulation of sedentary behaviors, which is accompanied by an increase in the duration of sedentary time leading to an accumulation in energy intake increases, further contributing to energy imbalance (11). Whereas increased physical activity improves energy expenditure and adjusts energy balance, at sufficient exercise intensity, exercise duration and exercise frequency have an impact on metabolism, which is positively correlated with a decrease in BMI (12). But there are differences in energy metabolism (13) and lipid metabolism levels (14) between exercise behaviors chosen to be performed at different times of the day. Moreover, education, as an upstream factor in health, sets the stage for an individual’s later health outcomes (15), that higher educational status has a lower correlation with obesity (16), and individuals with higher levels of education are better able to understand health knowledge (17).

Overall, there is an independent correlation between obesity, sleep duration, second-hand smoking exposure, weekday sedentary time, exercise duration, exercise frequency, time of day of exercise, exercise intensity, and educational status (18). In addition, based on the three-layered framework, with the physical activity and lifestyle of the individual risk factors as a base and BMI as the criteria for obesity to investigate whether the synergy effect between the eight independent factors that influence obesity can work on the BMI (Figure 1). In this context, we analyze conditions to find which combinations as the potential configurational path to influence the prevalence of obesity. And raises the question: Will obesity occur when the risk factors (insufficient sleep, second-hand smoke exposure, longer weekday sedentary time) and protective factors (exercise intensity, exercise duration, exercise frequency, exercise duration, educational status) are both present?

[image: A flowchart illustrating a three-tier hierarchical framework affecting obesity. It starts with unhealthy diet and physical inactivity, pushing forward systemic dynamics, environmental determinants, and individual-level risk factors. These factors connect to antecedents like exercise frequency, duration, intensity, time of exercise, weekday sitting time, sleep duration, educational status, and second-hand smoke exposure. The outcome is categorized as obesity or normal weight.]

FIGURE 1
 Logistic diagram of antecedent conditions.




2 Method and data


2.1 Research methods

The configuration of physical activity and lifestyle that influence obesity is a complex and multiple concurrency process are influenced by multiple factors. Statistical analysis including correlational analysis and regression analysis is a variables-oriented method, it can quantify the net effects of individual variables and causal relationships. However, their capacity to deal with more complex theoretical issues is limited (19). So, based on the statistical analysis result combining the fsQCA to refine the potential causal relationships between explanatory variables and outcome variables.

The fuzzy-set qualitative comparative analysis (fsQCA) can deal with complex causal problems compared to traditional correlation. As a case-oriented method, fsQCA aims to analyze the data in comparative case studies, which is one type of Qualitative Comparative Analysis (QCA). Compared with other types of QCA, like crisp set QCA and multi-value QCA, fsQCA can analyze variables that are not binary by offering a more realistic approach which results in variables getting all the values within the range of 0–1 and computing degrees in which a case belongs to a set. And this handles causal complexity with fine-grained level data or identifies more solutions. So, it can precisely place cases relative to one another as well as interpret relevant and irrelevant variations (20). In addition, fsQCA identifies different configurations of sufficient and/or necessary conditions to focus on the complex and asymmetric relations between the outcome of interest and its antecedents (21). Also, it is suitable for different types of data such as Likert-scale, clickstreams, and multimodal data, and is available for different sample sizes, ranging from tiny sample sizes (<50 cases) to substantial sample sizes (thousands of cases) (20). Therefore, based on these rules, the fsQCA method can be applied to our study which is large numbers of cases, nearly thousands, including Likert-scale. And following steps will be implemented. (1) Sorting influenced conditions that are selected based on literature review and physical collection of data. (2) Using the correlation analysis to further validate the relationship between variables, and regression analysis to verify the quantitative relationship between variables. (3) Using empirical knowledge and related, and the results from statistical analysis to calibrate variables. (4) Based on the result of calibration to conduct necessity analysis knowing whether the key condition causes obesity. (5) Using configurations analysis to find out the necessary and sufficient conditions.



2.2 Data collection

The sample selected for the study came from the Healthcare Center at the Wuhan First People’s Hospital, located in Wuhan Hubei China. The Center provides various body examinations and health knowledge lectures, personalized recommendations on diet, lifestyle habits, disease prevention and treatment, personalized nutrition advice, and traditional Chinese Medicine Health Preservation services. Because the conditional variable data cannot be collected through instruments or laboratories, a questionnaire survey is used to collect the data. We used survey questionnaires to assess the condition of the respondents. The Physical Activity Readiness Questionnaire (PAR-Q) is a tool for pre-participation screening and risk stratification. The Physical Activity Survey Questionnaire investigates the fitness of respondents, and the Lifestyle and Chronic Disease Survey Questionnaire includes questions about items in your daily life related to health, such as sitting duration, second-hand smoking exposure, physical activities, chronic diseases, etc. We also analyzed the reliability of the questionnaire, and the result shows Cronbach’s alpha of the Lifestyle and Chronic Disease Survey Questionnaire is 0.98. The other two survey questionnaires use the non-Liker scale, which cannot use Cronbach’s alpha to analyze the reliability. To get the data accurate, all questionnaires were delivered face-to-face, and supervisors and healthcare center management told the participants how to fill the questions (understanding the questions) before collaboration. Also, Respondents were assured that there were no right or wrong answers and were encouraged to answer the questions as honestly as possible. Data collection took place between January 1, 2021, and January 31, 2022, after the lifting of the lockdown in Wuhan due to the epidemic.

Our study’s main goal is to find the combinatorial conditional antecedents of obesity in physical activity and lifestyle habits. Therefore, the questionnaire data was selected based on the antecedents in the literature review (Figure 1). There were 8 conditions and an outcome variable was involved (exercise frequency, exercise duration, exercise intensity, the time of day of exercise, weekday sitting time, second-hand smoke exposure, sleep duration, educational status, and body mass index). Table 1 lists the details of the antecedents including the categorical and continuous variables. 945 valid data were obtained by systematically excluding those who did not meet the requirements and those with missing answers. Of the 945 respondents, 52.8% were males and 47.2% were females, the oldest was 62 years old and the youngest was 20 years old, the average is 37.83 years old (Table 2). Figure 2 shows that BMI > 28 kg/m2 individuals is 89 (9.4%), BMI ≥ 24 kg/m2 and < 28 kg/m2 individuals is 322 (34%), BMI > 18.5 kg/m2 and < 24 kg/m2 individuals is 484 (51.2%), BMI < 18.5 kg/m2 individuals is 50 (5.2%). Among the obese group, their ages ranged from 22 to 62 years old (mean age, 37.83 years old), and over this age are 50 cases, and those younger than 44 years old have a higher risk of being obese when compared to those middle-aged at 45–59 years old.



TABLE 1 The description of variables.
[image: Table displaying various study variables categorized as conditional and outcome variables. Conditional variables include exercise frequency, duration, intensity, time of day, second-hand smoke exposure, educational status, sleep duration, and weekday sitting time. Each has specific indicators listed, such as exercise frequency ranging from less than once per month to more than five times per week, and educational status from never attended school to postgraduate. The outcome variable is BMI, categorized as obesity, healthy weight, and underweight based on numerical values.]



TABLE 2 Basic characteristics of the research sample.
[image: A table displaying demographic and BMI data. Age categories: <44, 45–59, ≥60, with sample sizes and percentages. Sex: male (52.8%), female (47.2%). Educational status includes never attended school to postgraduate. BMI categories: <18.5 kg/m² to >28 kg/m², with sample sizes and percentages. The mean age is 37.83 with a standard deviation of 10.188, and the mean BMI is 23.61 with a standard deviation of 0.110.]

[image: Area chart showing the distribution of individuals by age group and BMI. Categories include less than 44 years, 45 to 59 years, and 60 to 89 years. BMI ranges are greater than 18.5 and less than 24, greater than or equal to 24 and less than 28, greater than 28, and less than 18.5 kg/m². Data points indicate specific counts within each age and BMI category.]

FIGURE 2
 Distribution of body mass index by age. Explanation: The < 18.5, >18.5 and < 24, >28, ≧25 and < 28, are all the BMI indicators, the unite is kg/m2. Numbers on the vertical axis represent the number of cases.




2.3 Data analysis


2.3.1 Statistical analysis

Before using fsQCA, we first test the relationships between BMI and all influencing factors, which is critical to better understanding whether a factor is important for supporting a high prevalence of obesity (Figure 3). There was a negative correlation between educational status and BMI (r = −0.11, p < 0.05), weekday sitting time and BMI (r = −0.08, p < 0.05), the time of the day of exercise and BMI (r = −0.10, p < 0.05), sleep duration and BMI (r = −0.02, p < 0.05), exposure to secondhand smoke and BMI (r = −0.02, p < 0.05), frequency of exercise and BMI were negatively correlated (r = −0.03, p < 0.05), duration of exercise and BMI were negatively correlated (r = −0.01, p < 0.05), and exercise intensity and BMI were positively correlated (r = 0.01, p < 0.05). The absolute values of the correlation coefficients in the negative correlations, from strongest to weakest, were educational status −0.11 > the time of the day of excise −0.10 > weekday sitting time −0.08 > frequency of exercise −0.03 > exposure to secondhand smoke −0.02 > sleep duration −0.02 > exercise duration −0.01. These findings are consistent with previous literature, confirming that both the practical experience and the statistical results of the data indicate that BMI is related to the above variables.

[image: Correlation matrix with variables BMI, EF, ED, EI, ES, TDE, SSE, WST, SD listed horizontally and vertically. Values range from negative one to one, with color coding from blue (positive correlation) to red (negative correlation). Numbers and circles indicate correlation strength; larger circles represent stronger correlations. X marks indicate no significant correlation.]

FIGURE 3
 Relationship between BMI and influences. Explanation: × represents p > 0.05, in which no significant relationship between variables. The size of the bubble indicates the strength of the correlation between the two variables. The lighter the color, the lower the correlation (because some variables’ colors are so light, they can not be read, so turn it to black).


Variables affecting BMI were regressed based on the results of the correlation analysis to explore which factors had a significant impact on the results. From Figure 4, we know that all variables meet the standard of VIF, but only university (including junior college) (p = 0.041), more than 1 time per month on average, but less than 1 time per week (p = 0.016), average of 1 per week (p = 0.046), average of 2 times per week (p = 0.046), in the evening (p = 0.037), and weekly sitting time (p = 0.048) have a significant effect on BMI. Also, these factors have a negative correlation with BMI. The results show that these 6 factors affect obesity, but whether other independent variables will trigger the same outcome. Thus, based on the outcome of regression analysis we take further steps to find similar configurations, then provide a more in-depth examination of these cases.

[image: Forest plot depicting the relationship between various lifestyle variables and a certain outcome, with p-values and confidence intervals. Educational status, second-hand smoke exposure, exercise frequency, and other variables are analyzed. Significant results are highlighted in red, showing p-values below 0.05. Lines represent confidence intervals with points indicating estimated effects. Exercise frequency and evening exercise time have notable associations.]

FIGURE 4
 The outcome of regression analysis.




2.3.2 Variables calibration

Before analyzing the data by fsQCA, we must convert data from ordinal scales into degrees of membership in the target set. Each case is calibrated by assigning a value ranging from 0 to 1, which shows if and how much a case belongs to a specific set, it represents as full-set membership, intermediate-set membership, and full-set non-membership. After converting categorical variables and continuous variables into fuzzy sets, we calibrate the variables with three thresholds (full-set membership, intermediate-set membership, and full-set non-membership) for direct calibration and choose the values 95% (0.95), 50% (0.50), and 5% (0.05) as the breakpoints. If the data do not have a normal distribution but instead are skewed, then 80% (0.80), 50% (0.50), and 20% (0.20) can be set as the thresholds for full-set membership, intermediate-set membership, and full-set non-membership, respectively (20).

Antecedents, weekday sitting time and sleep duration, have a normal distribution, so the values 0.95, 0.50, and 0.05 as the breakpoints. And, some cases are exactly on 0.5 which makes it difficult to analyze the conditions that are set exactly on 0.5. To overcome this, we add a constant of 0.001 to the causal conditions to avoid the allocation of the 0.5 anchor (22). Likert scales have unique ways to calibrate, previous studies suggest that the values of 6, 4.5, and 2 can be used as thresholds for seven-point Likert scales and 4, 3.5, and 2 for a five-point Likert scale (20). So, conditions “educational status” and “exercise frequency” use 6, 4.5, and 2 as thresholds, and “second-hand smoke exposure” uses 4, 3.5, and 2. The conditions “exercise duration,” “exercise intensity,” and “the time of day of exercise” were measured using a set of 3 questions scales, the answers to each question were scored on a scale ranging from 1 to 3, thus, calibrating these three conditions with 1, 2, and 3. Regarding the outcome, BMI, based on China’s standards that obesity is BMI greater than or equal to 28 kg/m2, overweight is BMI greater than or equal to 24 kg/m2, underweight is BMI lower than 18.5 kg/m2 (3), following this approach, setting the 28, 24, 18.5 as the breakpoints (Table 3).



TABLE 3 Calibration anchor of conditions and outcome.
[image: Table showing features with explanations and threshold values for three membership categories: full-set, intermediate-set, and full-set non-membership. Features include exercise frequency, duration, intensity, time of day, second-hand smoke exposure, educational status, sleep duration, weekday sitting time, and body mass index. Threshold values are provided for each membership category and feature.]



2.3.3 Necessity analysis: the key cause of obesity

However, the information obtained from statistical significance was limited, so the statistical results were incorporated in conjunction with the fsQCA analysis to obtain more information. The main causes of obesity generation were extracted by analyzing the necessity of the antecedents, and the necessity outcome refers to its consistency. The consistency index indicates the proportion of samples that pass through this configurational path and achieve the outcome, the coverage index is the proportion of the number of samples passing through this configurational path to the total number of samples (21). Using 0.9 as the basic line, when the consistency of a single condition is achieved at 0.9 and has sufficient coverage at 0.5, we defined this condition as a necessary condition, meaning this condition always appears when the result exists. In other words, the outcome cannot be produced without this condition. The main purpose is to assess the subset relationship between the set of results and the set of individual conditions (23). Table 4 shows that when the outcome is “BMI” or “~BMI,” the consistency of “Educational Status” is 0.9, and coverage is 0.5 nearly, which means this antecedent condition strongly explains the results and can independently demonstrate the outcome. The other conditions do not achieve 0.9 and 0.5, which shows that the explanatory power of each single condition to the outcome, BMI, is weak.



TABLE 4 Analysis of necessary conditions for BMI.
[image: Table comparing consistency and coverage for BMI and non-BMI conditions across eight categories: Exercise Frequency, Exercise Duration, Exercise Intensity, Time of Day of Exercise, Second-hand Smoke Exposure, Educational Status, Sleep Duration, and Weekday Sitting Time. Values range from approximately 0.49 to 0.95 for consistency and coverage metrics.]



2.3.4 Configurations analyzed: obesity generation configurational path

Based on empirical knowledge from necessity analysis, Educational Status as the “necessary condition” of the outcome, exercise frequency, the day of exercise, and weekly sitting time also affect the result from statistical analysis, thus setting these four independent variables being “present” in the configurations. By default, Others choose “present or absent,” assuming these conditions’ present or absent all may cause obesity. After that, the frequency threshold is set to 5 in truth tables, which means every configuration has 5 cases to support at least (24), and the consistency threshold is set to 0.8 in the truth table’s outcome. Firstly, because the PRI consistency’ stands for “Proportional Reduction in Inconsistency,” and is used to avoid simultaneous subset relations of configurations in both the outcome and absence of the result. So, we select truth table rows following this theory, when configurations with PRI scores below 0.5 indicate significant inconsistency (20). Therefore, the truth table rows of outcomes with PRI values less than 0.5 are manually modified to 0. Then the standardized analysis is performed to obtain three solutions: complex solution, parsimonious solution, and intermediate solution.

Select parsimonious solutions and intermediate solutions to identify the core conditions that appear in both solutions, which cannot be left out from any solution, and have a significant effect on the outcome. If the conditions only appear in the intermediate solutions, that is peripheral conditions meaning an auxiliary effect on the result (20). From the analysis, we concluded that “~ TDE” and “WST* ~ SD*SSE*EF*EI” are the core conditions (Table 5), and peripheral conditions in Table 6.



TABLE 5 Parsimonious solution for BMI.
[image: Table showing a model labeled BIM with variables ES, WST, SD, SSE, EF, ED, EI, TDE. It includes frequency and consistency cutoffs. Two conditions, "~TDE" and "WST*~SD*SSE*EF*EI", are listed with raw and unique coverages, and consistencies. Solution coverage is 0.465978, and solution consistency is 0.647619. Annotations explain symbols and variable meanings, such as ES for Educational status and TDE for exercising in the morning.]



TABLE 6 Intermediate solution for BMI.
[image: Table displaying a model analysis with variables BIM, ES, WST, SD, SSE, EF, ED, EI, TDE. Frequency cutoff is 5, and consistency cutoff is 0.807547. Rows show different assumptions and their equation results with raw coverage, unique coverage, and consistency values. Solution coverage is 0.312787, and solution consistency is 0.766165.]





3 Results


3.1 Analysis of the outcome variable: obesity

The pathway that causes the result is shown in Table 7, in which six configuration paths produce BMI (obesity). The consistency indexes of the six configurations are 0.82407, 0.83360, 0.86710, 0.88236, 0.81058, and 0.88163, respectively, all of which are higher than 0.8, which shows that all configurations are sufficient conditions for BMI. The overall solution coverage is 0.31278, indicating that about 30% of results are explained by all combinations of conditions (six configurations).



TABLE 7 The configurational path of the BMI.
[image: A table displays conditions across six pathways labeled A to F, with black and hollow circles indicating presence and absence. It includes ES, WST, SD, SSE, EF, ED, EI, and TDE. Consistency, raw coverage, unique coverage, solution consistency, and solution coverage scores vary across pathways, with the highest consistency seen in Pathway D (0.88236) and the highest solution coverage in Pathway A (0.31278).]

Like what is expressed in Table 7, the results show that six configuration paths resulted in BIM, and these paths affect the development of obesity. The core conditions for configuration pathways B, C, D, and F are the same: higher educational status (ES ●) and morning exercise (TDE ⊗). The core conditions of pathway E are higher educational status (ES ●), Weekday sitting time of about 7 h (WST ●), Sleep duration of about 6 h (SD ⊗), Second-hand smoke exposure on average of 4–6 days per week (SSE ●), exercise frequency on average of 4 times per week (EF ●), exercise intensity on shortness of breath, markedly increased heart rate, heavy sweating (EI ●). Table 8 shows every pathway that can explain how many cases of BMI there are.



TABLE 8 The details of configurational pathways of the BMI.
[image: Table displaying BMI categories and configuration pathways with data on frequency, sex distribution, and average age. Pathways A to F are assessed across four BMI ranges: below 18.5, below 24, between 24 and 28, and above 28. Each pathway lists the number of individuals, sex ratio, and average age.]

The pathway A, its peripheral conditions are sleeping around 6 h, exposure to second-hand smoke for 4–6 days per week, exercising for more than 60 min, and maintaining a frequency of 4 times a week. This suggests that, regardless of the exercise duration and frequency, if someone has all of these habits together, the prevalence of obesity is higher than others. The pathway B, its peripheral conditions are sleeping around 6 h a day, exposure to second-hand smoke for 4–6 days per week on average, exercising for more than 60 min, and keeping in a relatively high intensity with increased heart rate and heavy sweating. This combination of habits can explain why someone may be at risk of being obese. The configuration pathway C peripheral conditions are sitting around 7 h during the working days, sleeping around 8.5 h per day on average, exercising for more than 60 min, and keeping in a relatively high intensity with increased heart rate and heavy sweating. The fourth combination of causes (D), its peripheral conditions are sitting around 7 h during the working days, exercising for more than 60 min, and keeping in a relatively high intensity with increased heart rate and heavy sweating. The fifth (E) affected pathway’s peripheral conditions are sitting around 7 h during the working days, sleeping around 6 h per day, exposing to second-hand smoke for 4–6 days per week on average, maintaining a frequency of 4 times a week and lasting 60 min or above per time, and keeping in a relatively high intensity with increased heart rate and heavy sweating. The last pathway (F), its peripheral conditions are sitting around 7 h during the working days on each day, sleeping around 6 h a day, not being exposed to a second-hand smoking environment, exercising more than 1time per month, but less than 1time per week, and keeping in a relatively high intensity with increased heart rate and heavy sweating last less than 30 min per time. The distribution of sex and age of each configuration pathway are detailed in Table 8.




4 Discussion

From the results, we know that different combinations of lifestyles and physical activity affect the prevalence of obesity, even though some individuals are actively exercising they are still at risk of obesity when living a variety of bad lifestyles. So, not all risk factors (insufficient sleep, second-hand smoke exposure, longer weekday sedentary time) and protective factors (exercise intensity, exercise duration, exercise frequency, exercise duration, educational status) are present that will cause obesity to occur. Of all of the factors, educational status as the necessary factor that influences the outcome most, namely, the data in research shows that a BMI over 28 kg/m2 educational status must be involved.


4.1 Geographic and environmental factors

According to both WHO and Chinese BMI classifications, the prevalence of overweight and obesity was higher in northern China than in southern, with the highest prevalence generally seen in Inner Mongolia, Shandong, and Hebei. A correlation with Gross Domestic Product (GDP) per capita was explained this, with a greater prevalence of overweight and obesity among participants from lower GDP per capita regions (4). From the GDP data of 31 provinces in 2023, Hubei Province ranked seventh, with the annual GDP reaching 5,580.363 billion yuan (25), as the provincial capital, Wuhan’s gross domestic product (GDP) was 200.165 billion yuan in 2022 (26), around 3.6% of the province’s GDP (17 cities). We all know that higher education has a significant impact on GDP growth (27), as government report, in 2022, Wuhan had 83 institutions of higher education (28), among the city’s resident population, there are 417.46 million people with university education (college and above), 33.87% of the city’s resident population (The above levels of education include graduates, incompletes, and current students of all types of schools) (29).

Furthermore, environmental factors, such as walkable neighborhood designers, access to parks, availability of public transit, and quality of pedestrian and bicycling infrastructure, affect obesity through physical activity and play roles in physical activity (30), and higher walkable areas are associated with lower BMI or overweight prevalence (31). In 2023, the Wuhan government constructed the physical-supportive environment “12-min fitness circle,” to facilitate and provide convenience to citizens participating in physical activities. This infrastructure is around 12.3 million square meters, including basketball halls, badminton halls, tennis halls, soccer fields, constant-temperature swimming pools, tide play sports halls, learning and training centers, sports rehabilitation centers, lodging service centers, health and fitness testing centers, extreme sports parks, children’s parent-children’s parks, and other sports and leisure facilities. It addresses the problem of insufficient sports venues and facilities in the area, to meet the demand for sports and fitness of nearly 500,000 residents in dozens of surrounding neighborhoods. Moreover, Wuhan now has a total of more than 40,000 sports venues and facilities, 52 sports parks of various types, the city’s streets (townships), community (village) fitness facilities system completed, the city’s 24 public stadiums at both levels of the free and low-fee opening of the full implementation (32). In addition, the government plans to complete the investment of 14.028 billion yuan in urban construction of landscaping and greening, 100 new and reconstructed various types of parks, 100 kilometers of greenways, and increasing green open space (33).

Even though Wuhan with such abundant, unique regional resources, we are still exposed to obesity from the data analysis. For one reason, the “12-min fitness circle” was constructed later than the data collection. Another, this policy does not cover the whole city so far. Furthermore, the educational level in this study has to be analyzed in further depth, due to it plays a significant role in the configurational path of obesity.



4.2 Educational status as a key factor in obesity

Among all the factors in this study, the results reveal a strong correlation between obesity and educational level, the education-obesity nexus. According to the configurational paths that cause the development of obesity, outcomes show the changes in educational status as a core condition are theorized to have a significant effect on obesity, implying that educational status substantially impacts the development of obesity. Similar results were obtained in a previous survey of the United States in 2022, showing that the prevalence of adult obesity decreased as education level increased (34).

Firstly, Individuals who have an educational level below or equivalent to primary school (never attended school, or literacy course) might have a lower level of health awareness among the more educated, and a practice that is largely dependent on the available knowledge. The study shows an improvement in attitude regarding obesity after receiving online education, Proving that changes in their knowledge have a positive effect and will influence their awareness of obesity (35). Also, education enables individuals to develop a broad range of skills and traits that predispose them toward improved health outcomes (36). In addition, the level of educational status is directly linked to the level of health literacy, affecting the ability of individuals to obtain, understand, and use basic health information and services to make health-related decisions and actions. In the knowledge-based information sources, along with the improvement of individual education level, the proportion of available information sources transformed into available sources has increased significantly, affecting the use of acquired information, it allows individuals to find better care to reduce the damage and have sound decision-making by using information more effectively (37).

Secondly, higher levels of education enable individuals to earn higher incomes, promote healthy lifestyles, and increase access to healthcare services (38). People with higher education and good health could easily convert their human capital into a multidimensional economic return by acquiring high-profile jobs (39), those with higher levels of education have higher coefficients and levels of work. In comparison, those with lower levels of education use more health capital to generate income, resulting in higher depreciation rates for health capital (17). Also, educational level may prevent individuals from certain physical environmental risk factors, such as air pollution, toxins, and lead, as well as decrease job stress (40). All in all, these factors may be the reason why educational status becomes the core condition in the occurrence of obesity in our study.



4.3 Multiple factor interactions as a main configurational path in obesity

The six configurational paths all include protective factors and risk factors, so we have to comprehensively understand the causes. A previous study showed sleeping less than 6 h per night has been linked to an increased likelihood of obesity (41), under presumed negative energy balance conditions in older and younger adults, combined circadian misalignment and insufficient sleep increased blood levels of ghrelin and decreased blood levels of leptin, which should promote energy intake (42). The nocturnal wakefulness as well as affects the level of Nicotinamide phosphoribosyltransferase (Nampt/visfatin/pre-B-cell colony-enhancing factor), the stronger the phase-shifting impact of nocturnal wakefulness on the regulation of Nampt levels, the more pronounced the impairing effect of sleep loss on glucose tolerance becomes (43). Also, Inefficient night-time sleep decreased levels of fibroblast growth factor 19, which is a protein increasing energy expenditure (42).

The causal relationship between sleep deprivation and obesity may be due to a common potential factor of exercise. However, exercise at different times of the day can have different effects on physical performance, for example, vigorous exercise before 10 p.m. may improve sleep quality. But, exercise that is too strenuous and too close to bedtime can cause a stress response (44), as taking physical activity too late may increase the rectal temperature during nighttime sleep, counteracting the positive effect of exercise in sleeping (45), the result caused by sleep deprivation or poor quality can disrupt the circadian rhythm, leading to metabolic disturbances that can lead to obesity (46). However, increased physical activity in proper time can attenuate the effect of the fat mass and obesity-associated (FTO) locus on obesity risk by 30–40% (47). The FTO regulates energy expenditure, when FTO deficiency it results in the upregulation of uncoupling protein 1 (UCP-1) in adipocytes, thus, enhancing mitochondrial uncoupling and energy expenditure in brown adipocytes (48). Also, the variants in the FTO locus directly interacts with the promoter of Irx3 and result in its deficiency, which can reduce weight and increase metabolic with the browning of white adipose tissue (47). One of the adipokines’ leptin acts in an autocrine/paracrine manner, regulating the white adipose tissues’ browning process. After physical activities, the adipokine leptin stimulates activity in the sympathetic nerve and together with insulin acts synergistically in different neuronal subsets of proopiomelanocortin (POMC) inducing browning of White Adipose Tissue (WAT) through decreased hypothalamic inflammation caused by exercise (49).

In addition, The WHO Guidelines on physical activity suggest adults aged 18–64 years including those with chronic conditions and those living with disability a strong recommendation may increase moderate-intensity aerobic physical activity to >300 min or do >150 min of vigorous-intensity aerobic physical activity, or an equivalent combination of moderate-intensity and vigorous-intensity activity throughout the week for additional benefits (50). Participants involved in our study aged between 20 and 62 years correspond with this recommendation, but their exercise intensity “Breathing and heart rate are not much different than when not working out” does not meet the standard of the moderate intensity and exercise duration recommended, even though the physical activity of light intensity provides health benefits, it might not achieve the weight loss targets to mitigate obesity risk through energy expenditure. Thus, they are still physical inactivity. Physical inactivity and sedentary behavior may increase the risk of obesity, especially prolonged and uninterrupted sedentary behavior patterns. However, there is a potential benefit of shortening sedentary behavior bouts and increasing sedentary behavior breaks. Because brief muscle contractions during a sedentary behavior break may improve blood flow and promote glucose uptake and homeostasis (51).

Besides energy expenditure through exercise, and decreasing or interrupting sedentary, lipolysis in adipose tissue should be considered. Benzo[a]pyrene(B[a]P) abundant in side-stream smoke [side-stream smoke contributes to 80% of secondhand smoke (52)], inhibited the β-adrenergic stimulation of lipolysis in adipose tissue in mice (53). The catecholamine-induced lipolysis in mouse adipocytes and isolated human adipocytes was inhibited by B[a]P, a polycyclic aromatic hydrocarbon (PAH) that is abundant in second-hand smoke exposure (53). Inhibition of lipolysis by B[a]P proceeds via direct inhibition of the early step of β-adrenergic receptor and ACTH receptor signaling to their respective G-coupled proteins (54). Beyond that, one at a lower education level has a bias in understanding the information they receive about exercise and health and a higher probability of misinterpreting health information (55).

In the process of BMI reduction, we should consider the multiple concurrent factors of physical activity and living habits, because we have to consider the “dose–response relationship” between these behaviors and obesity. Another research shows obesity management should take a holistic approach addressing multiple factors that include lifestyle modifications (56). However, the study sample in our research is relatively young (<44 years old: 70.3%) and well-educated (University including junior college: 66.6%), although this young age is consistent with the peak prevalence of obesity age in the Chinese population (35–54, 57). So, other research should be conducted in the future to certify the multiple-factor intervention’s effectiveness because the analysis is more theoretical.




5 Conclusion

This study primarily established the correlation between physical activity and lifestyle in obesity. Through the analysis of the case study, extracted and identified the necessary conditions and configurational paths that cause obesity. Combined with the data results and previous studies, the following conclusions were drawn: (1) The occurrence of obesity is closely related to the level of education. (2) In the development of obesity, the interaction of multiple influencing factors needs to be integrated and considered.
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Introduction: In this study, we explored the impact of mental health on self-rated health of Korean adolescents. By examining the relationship between self-assessed health and mental-health issues, such as anxiety and depression, this study sought to inform strategies for enhancing health education and school-based interventions.
Methods: Secondary data from the Korea National Health and Nutrition Examination Survey were analyzed, with a sample comprising 418 middle and high school students. The study examined general characteristics of the sample and the correlations between subjective health status and mental-health indicators and between subjective health status and physical activity levels. Frequency and cross-tabulation analyses were performed to explore these relationships. Logistic regression analysis was conducted to identify factors influencing subjective health status. Statistical significance was set at p < 0.05.
Results: Associations were noted between subjective health status and mental-health indicators, including stress recognition (p < 0.05), suicidal ideation in the past year (p < 0.001), suicide planning in the past year (p < 0.001), suicide attempts in the past year (p < 0.001), and counseling for mental-health problems in the past year (p < 0.005). Additionally, subjective health status was correlated with the following physical activity metrics: average daily hours spent seated (p < 0.05) and engagement in physical activities lasting 1 h or more per day (p < 0.1). Several factors were identified to influence subjective health status including the frequency of breakfast consumption per week (p < 0.05) and suicidal ideation in the past 1 year (p < 0.05).
Discussion: The study findings highlight the considerable effects of mental health and health behaviors on adolescents’ subjective health status. Thus, addressing school health should go beyond promoting physical health alone. An environment that supports adolescents’ mental and social well-being, enabling them to grow into healthy adults, is necessary.
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1 Introduction

Adolescence represents the transitional phase between childhood and adulthood, encompassing elements of biological maturation and evolving social roles, which have changed over the past century (1). While no universally accepted definition of adolescence exists, the World Health Organization (WHO) defines adolescence as spanning ages of 10–19 (2). In Korea, the definition varies depending on legal standards. This developmental stage is marked by rapid psychosocial and cognitive growth (3), shaping awareness of lifestyle and health choices, such as physical activity, diet, alcohol consumption, and smoking (4). Therefore, providing information and opportunities for healthy growth and development is essential, and expanding these opportunities is crucial in addressing the specific needs and rights of adolescents (2). However, due to changes in social norms, increased urbanization, and shifting trends in premarital sexual behavior, the physical and social landscape in which adolescents are growing is also evolving. As a result, there is a greater need than ever for research on adolescent health, as well as the establishment of programs and policies to address these changes (5). With increasing significance of adolescent health, the demand for representative data to establish and evaluate national-level adolescent policies has intensified. In South Korea, data is continuously collected at the national level to understand the various environmental factors affecting the health and growth of children and adolescents, with the aim of supporting their healthy development (6). Among these, the National Health and Nutrition Survey is conducted annually, surveying 25 households in 192 regions. The survey is categorized by life cycle stages, with separate analyses for children (ages 1–11), adolescents (ages 12–18), and adults (ages 19 and older) (7).

In South Korea, adolescents have shown decreasing levels of happiness and life satisfaction, largely owing to the pressures of an educational system centered around college entrance examinations and a highly competitive academic environment. Their reported life satisfaction is lower than that of other age groups within South Korea and ranks below that of adolescents in other countries (2–5). According to the Organization for Economic Co-operation and Development (OECD), only 32.0% of South Koreans aged 15 years and above considered their health to be good, which is less than half of the OECD average of 67.9%. Meanwhile, 17.2% reported poor health, which is the highest proportion among OECD countries and nearly double the average of 9.0% (8).

Subjective health perception refers to an individual’s self-assessed health status and serves as an indicator of well-being, incorporating not only the absence of physical illness but also mental and social wellness. Liang (9) defined health status in three dimensions: medical, functional, and self-assessed. Among these dimensions, self-rated health assessment is widely used as a universal tool for measuring overall health, serving as a key health indicator for individuals across all age groups and is particularly relevant from adolescence to old age (9, 10). With increasing recognition of subjective well-being in health, numerous studies on self-rated health have been conducted. However, most of these studies have focused on older individuals (11–13), while research on adolescents has been relatively limited, as adolescents are generally perceived as medically healthy (3). Subjective health perception often differs from objective medical findings, and this discrepancy is particularly evident in adolescents. Unlike adults, adolescents tend to evaluate their health based on overall functionality and well-being rather than the presence or absence of physical illness (4). Health determinants are multifaceted encompassing personal, social, ecological, pathological, political, and geographical factors. Research has examined subjective health status from various perspectives, highlighting its importance as a reflection of individuals’ psychological characteristics (4, 14).

Anxiety and depression are the most common mental-health problems experienced by adolescents. While depression manifests in late adolescence or adulthood, anxiety and depression often occur simultaneously in adolescent populations (15). Previous studies reported that mental health-related problems, such as depression and anxiety, are associated with suicidal ideation, and suicide attempts are associated with depression and behavioral disorders (16, 17). In recent years, the world has undergone significant upheaval. The coronavirus disease (COVID-19) pandemic, which began in 2019, has had a profound negative impact on adolescent mental health, leading to high levels of psychological distress (18). A recent study involving 80,000 adolescents worldwide reported that during the pandemic, depression and anxiety symptoms doubled, with 20% of adolescents experiencing severe anxiety symptoms (19). Additionally, a meta-analysis observed suicidal ideation among adolescents increased by 15% during 2020–2021 compared to the pre-pandemic period (20). Thus, research on the correlation between adolescents’ subjective health status and their mental health is an urgent need. Despite evidence linking subjective health status to mental health, including factors like stress, local research on this topic is limited. In particular, since transition through adolescence is inevitable, health awareness and appropriate action are likely to be more effective than other periods (21).

In this study, we aimed to establish the correlation between adolescents’ subjective health status and their mental health, providing data that can inform policies to improve adolescent health. The study findings can also serve as foundational data to address health inequalities among adolescents and to guide the development of physical and mental-health programs at the school level.

The hypotheses of this study were as follows:

	1. There is a significant association between Korean adolescents’ subjective health status and their mental health.
	2. There is a significant association between Korean adolescents’ subjective health status and their level of physical activity.
	3. Korean adolescents’ subjective health status is influenced by socioeconomic factors, physical activity levels, and mental-health indicators.



2 Materials and methods

This study utilized data from the 2011 Korea National Health and Nutrition Examination Survey (KNHANES), a nationwide cross-sectional survey conducted by the Korea Disease Control and Prevention Agency (KDCA). KNHANES employs a complex, stratified, multistage probability sampling design and uses standardized, validated questionnaires to assess various health indicators. The KNHNES consists of health, medical examination, and nutrition surveys; however, this study used only data from the health survey for analysis. The 2011 survey was conducted in accordance with the Declaration of Helsinki, and although it was exempted from institutional review board (IRB) approval at the time of data collection, ethical standards were maintained by the KDCA, and informed consent was obtained from all participants. The dataset is publicly available for secondary analysis. Data access was obtained through a formal request and approval from the relevant agency.

For the study sample, individuals in the 12–18-year age group without missing data on the selected variables were chosen, and weighted data were applied. The final analysis included 418 participants. Key health-related variables among adolescents, including educational stage, sex, income quintile, health insurance type, degree of stress recognition, sleep duration per week, frequency of breakfast consumption per week, drinking and smoking experiences, and subjective health status, were identified and used in the analysis.


2.1 Research materials and participants

The data analyzed were collected from the third year (2021) of the eight-phase of the KNHNES conducted jointly by the Ministry of Health and Welfare and the Korea Disease Control and Prevention Agency. This study is a secondary analysis, and the researchers proceeded after officially requesting and receiving approval to use the data. The researchers proceeded with the study after making an official data request to the relevant agencies and receiving approval. The KNHNES consists of health questionnaire surveys, medical examinations, and nutrition surveys. This study utilized only data from the health questionnaire survey for analysis.

Informed consent was obtained from all participants and their legal guardians before data collection. For sensitive topics, specific protocols were in place to handle potential disclosures of harm or risk, including immediate referral to appropriate support services if necessary. All collected data were anonymized and stored securely in accordance with strict data protection protocols. Personal information was ethically anonymized, with confidentiality maintained through the use of unidentifiable serial numbers.

Data collection spanned over 1 year, from January to December 2021. Data collection was conducted using mobile examination centers (MECs), which provided a private and secure environment for participants. Adolescents completed the individual component of the health interview questionnaire, including questions on sensitive topics such as mental health and suicidal ideation, via self-administration in a private area within the MEC. This approach ensured privacy and anonymity for the adolescent respondents.

For this study, data were collected using a rolling sample survey approach with sampling hierarchized based on city/province, neighborhood/town/township, and housing type. Although the raw data included the entire population aged 1 year or older, only data from adolescents were included in this analysis, with data from other age groups excluded. Out of the total 7,090 cases, 427 cases corresponding to the 12–18-year age group were selected as the sample population. After excluding 9 cases with missing data, a total of 418 cases were included in the final analysis (Figure 1). In accordance with KDCA data analysis guidelines, the researchers did not manipulate the raw data.

[image: Flowchart showing participant selection from KNHANES 2021. Total participants: 7090. Filtered by age 12–18 years, n=427. Excluded for missing data: n=9. Final study population: n=418.]

FIGURE 1
 Selection of participants.




2.2 Data collection

The KNHNES is a legally initiated survey under the National Health Promotion Act, designed to assess health behaviors, prevalence of chronic illnesses, and dietary intake. Each year, 192 households are selected for participation, and across the 3 years of the eight phase (2019–2020), a total of 576 households were included. From these households, approximately 10,000 individuals aged 1 year or older were selected as survey participants. Based on life cycle characteristics, participants were categorized as children, adolescents, or adults, and survey items were tailored to suit each group. Beginning with the fourth phase, the KNHNES adopted a year-round survey system and implemented a rolling sample method. This approach allows each of the 3 years within a phase to consist of three independent rolling samples, providing probability samples that are representative of the entire nation. Medical examination surveys were conducted using direct measurements and specimen analyses, while health surveys were performed through interview surveys and self-administered surveys during visits to selected households. Sensitive topics such as mental-health indicators were handled using strict ethical protocols to ensure participant safety and confidentiality throughout the process.



2.3 Study variables

Variables were selected based on previous research by Prasad et al. (14), Zhao et al. (22), and Han and Park (17). Independent variables included educational stage, sex, income quintile, health insurance type, degree of stress recognition, sleep duration per week, frequency of breakfast consumption per week, and mental-health indicators such as presence of prolonged depression (lasting 2 weeks or more), suicidal ideation, suicide planning, and suicide attempts within the past year, as well as mental-health counseling sought within the past year. Additional variables include average daily hours spent seated, engagement in physical activities lasting 1 h or more per day, and the frequency of strength training sessions per week. The dependent variable was participants’ subjective health status.


2.3.1 Sociodemographic characteristics

Sociodemographic characteristics were assessed using variables such as educational stage, sex, income quintile, and health insurance type. For educational stage, respondents who answered either “Middle school” or “High school” to the question, “Up to which level did you go to school? Or are you attending school?” and indicated “Enrolled” in response to the question, “Did you complete that school? Please tell us whether or not you graduated,” were classified into the categories “Middle school” or “High school.” Household income quintiles were classified as follows: responses of “Lower,” “Lower middle,” “Middle,” “Upper middle,” and “Upper” were categorized into “Quintile 1,” “Quintile 2,” “Quintile 3,” “Quintile 4,” and “Quintile 5,” respectively. In this study, these classifications have been adapted to align with the U.S. income quintiles, which are defined as follows: Quintile 1, $0 to $31,462; Quintile 2, $31,463 to $59,312; Quintile 3, $59,313 to $96,782 L; Quintile 4, $96,783 to $157,722; Quintile 5, $157,723 and above. As of January 23, 2025, $157,723 is equivalent to approximately €143,385 or £122,824; notably, the actual amounts may vary due to exchange rate fluctuations. Regarding health insurance type, respondents who answered “Locally provided National Health Insurance,” “Employer-provided National Health Insurance,” or “Medical aid” to the question, “Which health insurance do you subscribe to?” were included in the corresponding health insurance categories.



2.3.2 Health behavior

Health behavior variables included sleep duration per week and the frequency of breakfast consumption per week. For sleep duration per week, responses to the question, “During the week, at what time do you usually go to bed and get up?” were classified into three categories: Fewer than 7, 7–8, and 9 h or more. Regarding breakfast frequency, responses to the question, “In the past year, how many times did you have breakfast per week?” were categorized as 0, 1–2, 3–4, and 5 days or more.



2.3.3 Mental health

To assess participants’ mental health, variables included stress recognition in daily life, prolonged depression lasting 2 weeks or more, suicidal ideation within the past year, suicide planning in the past year, and suicide attempts in the past year. For stress recognition, participants were asked, “In your daily life, how much stress do you feel?” Responses categorized as “Very much” and “Much” were combined under “Much,” while “Some” and “Hardly” were grouped as “Some.” Responses to questions regarding depression and suicidal ideation were classified as “Yes” and “No.” The survey questions were designed as follows: Prolonged depression for 2 weeks or more was measured by asking, “In the past year, have you experienced sadness or despair continuously for 2 weeks or more, to an extent that it interfered with your daily life?” Suicidal ideation over the past year was assessed by asking, “In the past year, have you seriously considered suicide?” Suicide planning within the past year was addressed by asking, “In the past year, have you seriously planned suicide?” Lastly, suicide attempts in the past year were assessed with the question, “In the past year, have you actually attempted suicide?”



2.3.4 Subjective health status

To evaluate participants’ subjective health status, the question “How do you usually feel about your health?” was included, with response options of “Very good,” “Good,” “Average,” “Bad,” and “Very bad.” To simplify analysis based on the distribution of responses, these were reclassified as follows: “Very good” and “Good” were combined as “Good,” “Average” remained as “Average,” and “Bad” and “Very bad” were grouped as “Bad.”




2.4 Data analysis

To determine the correlation between adolescents’ subjective health status and mental health, we analyzed data using IBM SPSS Statistics for Windows, version 24.0 (IBM Corp., Armonk, NY, United States). Using proportional stratified sampling (a systematic sampling technique), weighted values provided by the KDCA were applied in our analysis. We evaluated the general characteristics, correlations between subjective health status and mental health, and the correlation between subjective health status and physical activity levels. We conducted frequency and cross-tabulation analyses. In addition, logistic regression analysis was conducted to identify factors affecting subjective health status. For all tests, the significance level was set at p < 0.05.



2.5 Ethical approval

This study was a government-approved statistical survey (Approval No. 117002), conducted in accordance with the National Health Promotion Act. KNHNES data were obtained after receiving official approval from the Korea Disease Control and Prevention Agency. Data collection was facilitated using mobile examination centers (MECs), which provided a private and secure environment for participants. Adolescents completed the individual component of the health interview questionnaire, including questions on sensitive topics such as mental health and suicidal ideation, via self-administration in a private area within the MEC. This approach ensured privacy and anonymity for the adolescent respondents. Informed consent was obtained from all participants and their legal guardians before data collection. For sensitive topics, specific protocols were in place to handle potential disclosures of harm or risk, including immediate referral to appropriate support services if necessary. All collected data were anonymized and stored securely in accordance with strict data protection protocols. Personal information was ethically anonymized, with confidentiality maintained through the use of unidentifiable serial numbers. The Institutional Review Board of Yeungnam University College (No. 2-7008156-AB-N-01-A-2022-005) granted approval for this study and waived the requirement for further ethical deliberation owing to the secondary nature of the data analysis and robust ethical procedures already in place for the original data collection.




3 Results


3.1 General characteristics based on adolescents’ subjective health status

Adolescent characteristics were examined based on subjective health status, and the results are as follows (Table 1). Among the total of 418 participants, subjective health status was reported as Good (59.3%), Average (35.9%), or Bad (4.8%), with “Good” being the most frequently reported. The most common responses for each characteristic were as follows: Middle school (55.5%) for educational stage, Male (56.0%) for sex, Quintile 4 (28.5%) for income quintile, Employer-provided health insurance (74.4%) for health insurance type, A little (56.0%) for the degree of stress recognition, 7–8 h (51.2%) for sleep duration per week, 5 days or more (44.1%) for frequency of breakfast consumption per week. Significant differences were observed in income quintile (p = 0.005), degree of stress recognition (p = 0.050), frequency of breakfast consumption per week (p = 0.003).



TABLE 1 General characteristics based on adolescents’ subjective health status.
[image: Table showing relationships between variables and subjective health status. Variables include educational stage, sex, income quintile, health insurance type, subjective body shape, stress recognition, sleep duration, and breakfast consumption frequency. The table presents counts and percentages for health status categories: Good, Average, and Bad, with statistical significance indicated by asterisks. Use chi-square (χ²) test results and p-values for analysis.]

When subjective health status was reported as Good, the most frequent characteristics included Middle school for educational stage, Male for sex, Quintile 4 for income quintile, Employer-provided health insurance for health insurance type, 7–8 h for sleep duration per week, 5 days or more for frequency of breakfast consumption per week.



3.2 Correlation between adolescents’ subjective health status and mental health

The correlation between adolescents’ subjective health status and mental health was examined, and the results are as follows (Table 2). The most common responses were as follows: “A little” (75.1%) for stress recognition, “None” (94.3%) for episodes of persistent depression lasting 2 weeks or more, “None” (97.8%) for suicidal ideation in the past year, “None” (99.3%) for suicide planning, “None” (99.3%) for suicide attempts, and “None” (97.1%) for experiences of counseling for mental-health problems. Stress recognition (p = 0.020), suicidal ideation in the past year (p = 0.000), suicide planning in the past year (p = 0.000), suicide attempts in the past year (p = 0.000), and counseling for mental-health problems (p = 0.004) exhibited statistically significant differences.



TABLE 2 Correlation between adolescents’ subjective health status and mental health.
[image: Table displaying data on mental health variables and subjective health status categorized as Good, Average, or Bad. Variables include stress recognition, depression, suicidal ideation, planning, attempts, and counseling. Significant chi-square values are marked, indicating statistical relevance: stress recognition (7.822*), suicidal ideation (20.264***), suicide planning and attempts (25.982*** each), and counseling (11.224**). Significance levels noted as *p < 0.1, **p < 0.01, ***p < 0.001.]

When adolescents reported good subjective health status, the most frequent responses were as follows: A little (77.8%) for stress recognition, None (94.8%) for episodes of persistent depression lasting 2 weeks or more, None (99.6%) for suicidal ideation, None (100.0%) for suicide planning, None (100.0%) for suicide attempts, and None (98.0%) for mental-health counseling. For those with an average subjective health status, the most frequent responses included: A little (74.0%) for stress recognition, None (94.7%) for persistent depression episodes lasting 2 weeks or more, None (96.7%) for suicidal ideation, None (99.3%) for suicide planning, None (99.3%) for suicide attempts, and None (97.3%) for counseling for mental-health problems. When adolescents’ subjective health status was bad, the most common responses were as follows: A little (50.0%) and A lot (50.0%) for stress recognition, None (85.0%) for depression episodes lasting 2 weeks or more, None (85.0%) for suicidal ideation, None (90.0%) for suicide planning, None (90.0%) for suicide attempts, and None (85.0%) for counseling for mental-health problems.



3.3 Correlation between adolescents’ subjective health status and physical activities

The correlation between adolescents’ subjective health status and physical activity was examined, and the results are as follows (Table 3). The most frequent responses were as follows: 9–10 h (30.6%) for the average daily hours spent seated, None (63.2%) for engagement in physical activities lasting 1 h or more per day, and 1 day (60.3%) for the frequency of strength training sessions per week. The average daily hours spent seated (p = 0.010) and engagement in physical activities lasting 1 h or more per day (p = 0.050) exhibited statistically significant differences. When adolescents’ subjective health status was good, the most frequent responses were 11–12 h and 13 h or more (26.6%) for the average daily hours spent seated, None (58.9%) for engagement in physical activities lasting 1 h or more per day, and 1 day (56.0%) for the frequency of strength training sessions per week. When adolescents’ subjective health status was average, the most frequent responses were “13 h or more” (38.0%) for the average daily hours spent seated, None (68.0%) for engagement in physical activities lasting 1 h or more per day, and 1 day (66.0%) for the frequency of strength training sessions per week. When adolescents’ subjective health status was bad, the most frequent responses were 8 h or more (35.0%) for the average daily hours spent seated, None (80.0%) for engagement in physical activities lasting 1 h or more per day, and 1 day” (70.0%) for the frequency of strength training sessions per week.



TABLE 3 Correlation between adolescents’ subjective health status and physical activities.
[image: Table displaying subjective health status in relation to three variables: average daily hours spent seated, engagement in physical activities, and frequency of strength training sessions. Data includes percentages for good, average, and bad health categories, with chi-square values and significance levels indicated by asterisks.]



3.4 Influencing factors of adolescents’ subjective health status

The results of the analysis of factors affecting adolescents’ subjective health status are shown in Table 4. In Model 1, which considered socioeconomic factors and subjective health status, the frequency of breakfast consumption per week (β = 0.057, p = 0.008) exhibited a significant relationship with subjective health status. Specifically, a higher frequency of breakfast consumption was associated with better subjective health status. Model 2, which incorporated physical activity factors, reinforced this finding. A higher number of breakfasts consumed per week (β = 0.054, p = 0.012) was significantly related to subjective health status. In Model 3, which further included mental-health indicators, the frequency of breakfast consumption per week (β = 0.049, p = 0.024), and the presence or absence of suicidal ideation in the past year (β = −0.405, p = 0.046) were revealed to be correlated. More specifically, a higher frequency of breakfast consumption per week was associated with better subjective health status, while a reduction in suicidal ideation over the past year was also linked to better subjective health status.



TABLE 4 Influencing factors of adolescents’ subjective health status.
[image: Table comparing three statistical models with variables including educational stage, sex, income quintile, health insurance type, body shape recognition, sleep duration, breakfast frequency, and mental health indicators. Each model reports beta (β) and p-values, showing significance for variables like subjective body shape recognition, breakfast frequency, and specific mental health correlations. Model summaries display adjusted R², F values, and overall p-values.]




4 Discussion

This study examined the relationship between self-rated health and mental health among Korean adolescents. While subjective health perception has been recognized as a strong predictor of general well-being and future health status (9, 10), existing research has primarily concentrated on adult and older adult populations (11–13). In South Korea, despite a high national life expectancy, only a small proportion of individuals consider themselves healthy, with adolescents reporting particularly low levels of life satisfaction and elevated symptoms of depression (8). These trends highlight the urgent need to understand adolescents’ perceived health status, not only as a reflection of their mental well-being but also as a foundation for early intervention and the development of tailored health policies.

An analysis of the correlation between general characteristics and adolescents’ subjective health status revealed significant associations with income quintile, degree of stress recognition, and frequency of breakfast consumption per week. Furthermore, adolescents in higher income brackets tended to report better subjective health.

Overall, 59.3% of adolescents perceived their subjective health status as good. This finding consistent with Kang (17), who reported that 62.8% of adolescents held positive health perceptions. While this perception may stem naturally from physical developments during adolescence, such as the development of secondary sexual characteristics, it highlights the need for public health programs to promote healthy daily habits that support adolescents in growing into healthy adults.

Regarding household income, adolescents from higher income brackets reported better subjective health, while those from lower income levels perceived their health less favorably. Specifically, higher income quintiles (annual household income of $157,723 or more, corresponding to the top 20% of U.S. income distribution in 2025) were associated with better self-rated health status. This finding is consistent with that reported by Prasad et al. (14) who observed a similar relationship between economic status and health perceptions among different demographic groups. The association between income and subjective health status underscores the significant impact of economic stability on overall well-being. Higher income levels often correlate with better access to healthcare, nutritious food, and health-promoting activities, which can contribute to more positive health perceptions. Conversely, lower-income households may encounter barriers to accessing these resources, potentially leading to less favorable health perceptions.

Health behaviors and subjective health status, which were measured using indicators such as sleep duration per week, frequency of breakfast consumption per week, exhibited significant differences. These findings align with those by Gentzler et al. (4), which indicated that a higher frequency of breakfast consumption per week was associated with more appropriate sleep duration per week. Consistently having breakfast and maintaining adequate sleep seem to create conditions that enable adolescents to focus on their studies, thereby enhancing academic efficiency. This improvement can, in turn, reduce potential sources of academic stress and mitigate negative effects on coping skills and interpersonal relationships, ultimately leading adolescents to perceive their health status more positively.

Analysis of the correlation between adolescents’ subjective health status and mental health, revealed notable associations with mental-health indicators, including stress recognition, suicidal ideation in the past year, suicide planning in the past year, suicide attempts in the past year, and mental-health counseling in the past year. Adolescents with a good subjective health status tended to report lower stress levels and absence of depression, whereas those with bad subjective health status experienced higher stress levels and depression. Studies reporting that individuals develop protective factors in response to perceived stress support these findings (23). High stress recognition often contributes to physical and mental-health disorders, feeding a cycle in which poor subjective health perception worsens, leading to increased depression and further deterioration in perceived health status. It is crucial for the government to reassess the roles and functions of local mental-health welfare centers. Through stronger partnerships with schools, creating a supportive social environment and accessible institutions where adolescents can seek help may prevent worsening trends in adolescent depression and suicide.

Adolescents’ subjective health status and their physical activity levels show a correlation. Specifically, the average daily hours spent seated and the extent of engagement in physical activities lasting 1 h or more per day were found to be associated with how adolescents perceive their health. This finding aligns with the results by Matsumoto et al. (24), who demonstrated that appropriate levels of exercise can help adolescents improve physical functioning and reduce depression, stress, and suicidal ideation. In the context of South Korean educational culture, where adolescents often spend extended hours seated in schools or private academies, a clear pattern emerges: the more time students spend seated, the more they perceive their subjective health status as bad. Conversely, students who engaged in at least 1 h of physical activity daily perceived their subjective health status as good. These findings highlight the importance of exploring school-level strategies within the South Korean educational framework to reduce prolonged seated activities and promote increased physical activity among adolescents.

When analyzing factors affecting adolescents’ mental health in relation to their subjective health status, the frequency of breakfast consumption per week and suicidal ideation in the past year were found to be influencing factors. This suggests that health behaviors and mental-health indicators play significant roles in adolescents’ perceptions of their health. Thus, developing school health programs that not only enhance physical health, but also foster mental and social well-being, enabling adolescents to grow into well-rounded, healthy adults, is necessary.



5 Limitations of the study and implications for research and practice

This study, utilizing secondary data from the Korea National Health and Nutrition Examination Survey (KNHNES), has some limitations. First, the cross-sectional design inherently limits causal inference between subjective health status and mental health, because temporal relationships cannot be established. Second, the exclusion of out-of-school adolescents restricts the generalizability of findings to all Korean adolescents, potentially overlooking unique challenges faced by this subgroup. Third, reliance on self-reported data for sensitive topics like mental health and health behaviors introduces risks of social desirability bias and subjective interpretation. Fourth, the KNHNES’s predefined variables constrained the analysis, because certain factors relevant to adolescent health (e.g., academic stress, social support networks) were not included. Finally, the cross-sectional nature of the survey precludes longitudinal assessment of health trajectories.



6 Conclusion

The findings revealed relationships among variables, such as subjective health status, demographic factors, health behaviors, and mental health, with notable effects linked to the frequency of breakfast consumption per week, and suicidal ideation in the past year. The results provide valuable insights for policymakers aiming to improve adolescent health by providing foundational data to address health inequalities and to inform strategies for physical and mental-health education at the school level. Future research would benefit from more detailed and quantifiable measures of the variables used in this study. This could improve the accuracy of sample characteristics and further support the validity of the study’s findings.
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Objective: The aim of this study (PROSPERO CRD42023443860) was to determine the dose–response associations of exercise on cardiovascular disease risk factors in sedentary populations using systematic evaluation and meta-analysis.
Methods: We conducted a systematic search of the literature up to July 2024 using PubMed, Web of Science, and SCOPUS. Of the 72,704 search records initially identified, 15 studies were considered eligible for systematic evaluation and meta-analysis. The methodological quality of the included literature was assessed using the Cochrane Risk Assessment Tool. Using a random-effects model, we pooled standardized mean differences (SMDs) with 95% confidence intervals (CIs) for key cardiovascular risk factors.
Results: Exercise improved systolic blood pressure [SMD = −0.33 (95% CI, −0.62 to −0.05), p = 0.02], diastolic blood pressure [SMD = −0.52 (95% CI, −0.92 to −0.12), p = 0.01], and resting heart rate [SMD = −0.30 (95% CI, −0.50 to −0.10), p = 0.004]. However, no significant effects were observed for total cholesterol [SMD = −0.03 (95% CI: −0.24 to 0.18), p = 0.78], HDL cholesterol [SMD = 0.06 (95% CI: −0.16 to 0.27), p = 0.6], LDL cholesterol [SMD = −0.21 (95% CI: −0.59 to 0.18), p = 0.29], triglycerides [SMD = −0.11 (95% CI: −0.42 to 0.21), p = 0.51], or body mass index [SMD = 0.01 (95% CI: −0.16 to 0.17), p = 0.94].
Conclusion: Regular exercise with a duration of 30–40 min per session and a frequency of 3–5 sessions per week significantly improves blood pressure and resting heart rate in sedentary populations, but does not appear to affect lipid profiles or body mass index.

Keywords
 exercise; sedentary; cardiovascular disease risk factors; physical activity; sedentary time


1 Introduction

Sedentary behavior is usually defined as any waking sitting or lying down behavior with low energy expenditure—usually less than 1.5 metabolic equivalence units (MEUs) (1, 2). On average, adults spend 50–60 percent of their day in sedentariness (3). A meta-analysis showed a 2 percent increase in the risk of death for each 1-h increase in self-reported total sitting time, indicating a 34 percent increase in the risk of death for patients who sat for 10 h a day (4). Of these, there is compelling evidence that prolonged sedentary behavior poses a clear risk for cardiovascular disease (CVD) among chronic diseases (5, 6). CVD is a disease of the heart and blood vessels that includes coronary heart disease, cerebrovascular disease, rheumatic heart disease, and other conditions. Hypertension or elevated blood pressure can lead to an increased risk of CVD and is the number one major risk factor for death (7). And, the global prevalence of hypertension continues to grow (8).

Exercise is an important way to improve body composition and maintain a healthy cardiometabolism. Both the American College of Sports Medicine and the World Health Organization (WHO) strongly recommend setting aside at least 60 min per day for moderate to vigorous physical activity, and at least three times per week for high-intensity exercise. Different types of exercise—including aerobic, resistance, and combined training—have been shown to improve cardiovascular health through distinct physiological mechanisms. Aerobic exercise enhances endothelial function and cardiac output (9), resistance training improves arterial stiffness and muscular strength (10), while combined training offers synergistic benefits (11). These physiological adaptations collectively contribute to improved blood pressure regulation, lipid metabolism, and overall cardiovascular function.

However, current surveys based on self-reported data indicate that 23.3 percent of adults (12) and 35 percent of adults (13) globally are failing to meet prescribed physical activity standards. Several recent meta-analyses and systematic evaluations have examined the effects of exercise on cardiovascular disease risk factors (14–16). A recent systematic review focused specifically on high-intensity interval training in clinical populations, but excluded sedentary healthy individuals and did not examine dose–response relationships (16). Our review addresses these limitations by including all exercise modalities and focusing specifically on sedentary populations.

Previous systematic evaluations and meta-analyses have the following limitations: (1) most of the subjects also received medications known to improve vascular function (14, 15); (2) they only showed effects on body composition, systolic blood pressure, diastolic blood pressure, and resting heart rate, and did not include blood markers, such as total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, or triglycerides (15); and (3) the population included in the studies was determined to be obese, overweight, or with cardiovascular disease, not sedentary (14–16). Therefore, this study, based on quantitative and experimental data, is aimed to investigate the effects of exercise on cardiometabolic risk factors (e.g., body composition, blood pressure, and lipids) in sedentary populations.



2 Methods

This systematic review is registered with Prospero, the International Prospective Registry for Systematic Reviews (registration number: CRD42024563042). We conducted this systematic review by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.


2.1 Literature search strategies

Two independent researchers conducted a comprehensive search of randomized controlled trials from PubMed, Web of Science, and Scopus databases. RCTs published in English before 26 June 2024 investigating the effect of exercise on cardiovascular disease risk factors in sedentary populations were included. In addition, we performed reference tracking of published trials and meta-analysis reviews in the field to ensure the inclusion of all relevant studies. We searched the database using the following search terms. MeSH terms used included “exercise” or “physical activity” or “training,” “sedentary” or “sedentary time” or “sedentary lifestyle,” “cardiovascular risk factors” or “risk factors for cardiovascular disease.” Detailed search strategies are shown in Supplementary Table S1.



2.2 Eligibility criteria

Inclusion criteria were determined according to the PICOS methodology (Population, Intervention, Comparison, Outcome, and Study Design). Participants were included in the study if the following criteria were met:

	(1) Type of participants: Sedentary and physically inactive population. All participants were sedentary and had no history of psychiatry or psychological disorders, or a lack of physical activity (<120 min/week of self-reported MVPA). To maximize the number of meta-analyses, we did not restrict the search to any specific population.
	(2) Types of interventions: Interventions included all types of exercise, including brisk walking, strength training, and yoga. There were no explicit requirements for the frequency, intensity, or duration of interventions. The interventions could be categorized as single-group interventions or multi-group interventions.
	(3) Type of control group: The control group did not use any intervention or non-exercise intervention, or then received routine care not involving medical treatment.
	(4) Type of outcome: The factors associated with cardiovascular disease are fed back by three main measures: hemodynamic measures, hematological measures, and body composition. Our systematic review mainly included systolic blood pressure, diastolic blood pressure, resting heart rate, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides, and body mass index.
	(5) Type of study design: We included randomized controlled trials (RCTs), quasi-experimental designs, and other non-randomized studies (e.g., one-arm or multi-arm intervention studies) to ensure a comprehensive analysis. Systematic reviews and meta-analyses were also considered for background information but were not included in the primary analysis.

Exclusion criteria: (1) Reviews, letters, editorial comments, case reports, conference abstracts, unpublished articles, and non-English articles. (2) Studies whose results were not quantified or lacked corresponding outcome indicators. (3) Literature that was not available in full text through various channels and methods. (4) Articles with poor research quality and no access to quality information. (5) Literature without a control group.



2.3 Literature screening and data extraction

The retrieved literature was imported into EndNote software for de-weighting. Two researchers independently screened the titles, abstracts, and full texts of the studies. In cases of disagreement, a consensus was reached through discussion between the two researchers to determine the final inclusion of studies. Following the screening process, the two researchers extracted and coded relevant data from the included studies using a Microsoft Excel spreadsheet. The extracted data included the first author, country, year of publication, study population, intervention content, intervention protocol (single exercise duration, frequency, and intervention period), measurement tools, and outcome indicators. The data extraction methods are described below:

(1) Data Extraction for Outcome Metrics:

We extracted the mean, standard deviation, and sample size reported for each group before and after the intervention. Pre- and post-intervention differences (M ± SD) for each outcome metric were used for data synthesis. The mean difference (MDdiff) was calculated as the raw difference between post-intervention and pre-intervention means for each intervention group using the following formula (17):

[image: Equation showing MD sub diff equals M sub post minus M sub pre.]

where MDdiff is the raw mean difference, Mpost is the post-intervention mean, and Mpre is the pre-intervention mean (17).

	(2) Conversion of Confidence Intervals (CIs) to Standard Deviations (SDs):

If studies reported only confidence intervals (CIs), the SD was calculated using the following formula (17):

[image: Formula for standard deviation: SD equals the square root of N times the difference between CI sub high and CI sub low, divided by two t.]

Where N is the sample size, CIhigh and CIlow are the upper and lower limits of the confidence interval, respectively, and t is the t-distribution value with N − 1 degrees of freedom at the corresponding confidence level (17).

	(3) Scalar Difference of Mean Difference (SDdiff):

The scalar difference of mean difference (SDdiff) (17) was calculated using the following formula:

[image: Equation for the standard deviation of the difference: SD_diff equals the square root of SD_pre squared plus SD_post squared minus 2 times r times SD_pre times SD_post.]

Where SDpre and SDpost are the standard deviations before and after the intervention, respectively, and r is the correlation coefficient between pre- and post-intervention measurements.

	(4) Unit Conversion for Outcome Metrics:

For studies reporting data in different units, the following conversion formulas were applied:

Total cholesterol (TC): 1 mmol/L = 57.2 mg/dL.

Triglycerides (TG): 1 mmol/L = 88.6 mg/dL.

High-density lipoprotein cholesterol (HDL-C): 1 mmol/L = 57.2 mg/dL.

Low-density lipoprotein cholesterol (LDL-C): 1 mmol/L = 38.7 mg/dL.



2.4 Quality assessment

The Cochrane Risk of Bias Tool was used to assess the quality of eligible trials. The focus was on: ① whether randomized sequence generation was used; ② whether allocation protocols were hidden; ③ whether subjects and staff were blinded; ④ whether assessment of outcome data was blinded; ⑤ completeness of outcome data; ⑥ selective reporting of study results; and ⑦ other sources of bias. Each study was assessed as a whole based on the indicators of the 6 items, which were categorized into 3 levels: low risk of bias, moderate risk of bias, and high risk of bias, and the risk of bias map was generated by Review Manager 5.3 software. The quality assessment was conducted independently by two investigators, and any disagreements were resolved by discussion with both.

Two reviewers (LG and CW) also assessed the quality of evidence by using the “Grading of Recommendations Assessment, Development and Evaluation” (GRADE) in GRADE pro.1 Evidence was assessed and classified as “high,” “moderate,” “low,” and “very low.” The assessment includes risk of bias, inconsistency, indirectness, imprecision and other considerations. Any disagreements are resolved through discussion and consultation.

For non-randomized studies (e.g., quasi-experimental designs and observational studies), we used the ROBINS-I tool (Risk Of Bias In Non-randomized Studies of Interventions) to conduct the assessment, focusing on the dimensions of confounders, selection bias, and intervention categorization bias. Two researchers performed the assessment independently, and disagreements were resolved through discussion or arbitration by a third researcher.



2.5 Data synthesis and analysis

	(1) Evidence synthesis and statistical methods

Given the differences in study design and risk of bias between randomized controlled trials (RCTs) and non-randomized studies, we analyzed these data both collectively and separately for the following reasons:

Increase comprehensiveness of evidence: Non-randomized studies provide valuable real-world evidence, particularly in scenarios where RCTs are impractical due to ethical or feasibility constraints.

Enhance statistical validity: Combining RCTs and non-randomized studies increases sample size and strengthens statistical power.

Assess consistency across study types: Separate analyses of RCTs and non-RCTs allow for evaluation of potential discrepancies due to study design differences.

Evidence synthesis was conducted using Review Manager version 5.3 (Cochrane Collaboration Network, Oxford, UK). We analyzed the following continuous variables: systolic blood pressure, diastolic blood pressure, resting heart rate, total cholesterol, HDL-C, LDL-C, triglycerides (TG), and body mass index (BMI). All outcomes are reported with 95% confidence intervals (CIs).

	(2) Assessment of Heterogeneity

Heterogeneity in the study was assessed by the chi-square test (Cochran’s Q) and the index of inconsistency (I2) (18). Significant heterogeneity was considered to exist when the p-value of the Χ2 test was <0.05 or I2 > 50%. For the presence of significant heterogeneity, we used a random effects model; otherwise, a fixed effects model was used.

	(3) Effect size indicators

In Meta-analysis, we used standardized mean difference (SMD) as an effect size indicator to address the problem of inconsistency in units of measurement across studies. SMD values were interpreted as follows:

SMD < 0.2: the effect size is very small;

0.2 ≤ SMD < 0.5: the effect size is small;

0.5 ≤ SMD < 0.8: medium effect size;

SMD ≥ 0.8: large effect size.

	(4) Interpretation of heterogeneity

Heterogeneity was assessed by the I2 value, which is interpreted as follows:

I2 < 25%: low heterogeneity;

25% ≤ I2 < 50%: medium heterogeneity;

I2 ≥ 50%: high heterogeneity.

In the case of high heterogeneity, we explored the source of heterogeneity through subgroup analysis and sensitivity analysis. In addition, funnel plots were created by Review Manager version 5.3 (Cochrane Collaboration, Oxford, UK) to assess publication bias.

	(5) Sensitivity analyses

To test the reliability of the findings, we performed sensitivity analyses of the included studies. This was done by removing 1 article at a time and testing the effect of each article on the combined effect size to ensure the robustness of the results.




3 Results


3.1 Research options

A total of 72,704 studies were identified from the three databases searched. After removing 31,476 duplicates, 106 full-text manuscripts were identified by screening titles and abstracts. After evaluation of the full text, 91 articles were excluded for the following reasons:

Design or outcome mismatch: 42 articles were excluded due to inappropriate study design or outcomes that did not align with the research objectives.

Not open access: 37 articles were excluded because they were not available as open access, limiting the ability to fully review their content.

Not relevant to the population of interest: 12 articles were excluded as they did not focus on the target population specified in the inclusion criteria.

Finally, 15 articles met the criteria and were included in our systematic review and meta-analysis of studies (Figure 1).

[image: Flowchart illustrating the identification of studies via databases and registers for a review. Initially, 72,704 records are identified from databases, with 31,476 duplicates removed. After screening 41,228 records, 41,040 are excluded. Reports sought for retrieval are 188, with 82 not retrieved. Reports assessed for eligibility are 106, with 91 excluded due to design, access, or population criteria. Ultimately, 15 studies are included in the review.]

FIGURE 1
 PRISMA 2020 flowchart.




3.2 Characteristics of the study

The main characteristics of the participants and interventions are shown in Table 1. Studies were published between 2000 and 2023. There were 15 RCT studies, one quasi-experimental design, and one 4-arm intervention study (Table 1). Among the 15 studies, there were 1,093 study samples. All participants were sedentary and had a lack of physical activity (<120 min/week of self-reported MVPA) 0.15 studies were conducted in 12 countries: 3 (20%) were conducted in Finland (19–21), 2 (13.3%) were conducted in USA (22, 23), 1 (6.7%) was conducted in England (24), 1 (6.7%) was conducted in China (25), 1 (6.7%) was conducted in Egypt (26), 1 (6.7%) was conducted in Spain (27), 1 (6.7%) was conducted in New Zealand (28), 1 (6.7%) was conducted in Australia (29), 1 (6.7%) was conducted in India (30), 1 (6.7%) was conducted in France (31), 1 (6.7%) was conducted in Germany (32), and 1 (6.7%) was conducted in Saudi Arabia (33).



TABLE 1 Characteristics of studies included in this meta-analysis.
[image: A detailed table comparing various exercise intervention studies across multiple countries. It includes columns for study, country, sample size, gender distribution, age, intervention type, intensity, duration, outcomes, and follow-up status. The table summarizes different interventions, such as aerobic exercise, yoga, and resistance training, alongside their respective intensities and durations. Outcomes measured include blood pressure, heart rate, cholesterol, and body mass index. Data vary for each study, showing a range of formats and follow-up conditions.]

Regarding the type of exercise intervention, 3 studies (20%) chose walking (19, 24, 27), 2 studies (13.3%) chose aerobic exercise (22, 30), 2 studies (13.3%) chose increased standing and light-intensity physical activity (20, 21), 1 study (13.3%) chose cycling (32), 1 study (13.3%) chose progressive strength training (25), 1 study (13.3%) chose treadmill training (23), 1 study (13.3%) chose intermittent hypoxic exposure (28), 1 study (13.3%) chose yoga (29), 1 study (13.3%) chose combined aerobic and resistance exercise training (30), 1 study (13.3%) chose Interval aerobic training programs with active recovery bouts (31), 1 study (13.3%) chose a Circuit weight training program and Aerobic training on the treadmill (26).

In our review, there were three studies in which the exercise intensity was moderate (22, 24, 26). One study had two exercise groups, which included moderate intensity and high intensity (19). Two studies had medium to high intensity (20, 30). One study had high intensity (32). One study had low-to-moderate intensity (33). Seven studies did not report exercise intensity. Exercise intervention durations ranged from 4 to 24 weeks, with the shortest intervention duration being 4 weeks (28, 30) and the longest 24 weeks (20). Regarding the type of intervention outcome, 11 studies (73.3%) reported systolic blood pressure (17, 18, 20–26, 29, 30), 11 studies (73.3%) studies reported diastolic blood pressure (20, 21, 23–27, 29, 30, 32, 33), 7 studies (46.7%) studies reported heart rate (19, 21, 22, 28–30, 33), 7 studies (46.7%) reported cholesterol (20, 21, 23, 29, 31–33), 5 studies (33.3%) reported LDL cholesterol (20, 21, 29, 31, 32), 7 studies (46.7%) reported HDL cholesterol (20, 21, 23, 29, 32–34), 3 studies (20%) reported triglycerides (20, 29, 32), and 7 (46.7%) studies reported body mass index (20, 23, 27, 29–31, 33).



3.3 Risk of bias assessment

Figure 2 summarizes the risk of bias for RCTs. Overall, the risk of bias for the 13 trials included in the review was within acceptable limits. Eight trials (62.5%) had adequately determined random sequences and seven trials (53.8%) had allocation concealment. Seven trials (53.8%) blinded participants and staff. Eight trials (61.5%) blinded outcome assessors, and the risk of detection bias for these trials was judged to be low. In 12 trials (92.3%), there were no dropouts or selectivity reported. None of the other risks of bias mentioned interference from other factors. Therefore, the risk of reporting bias for these trials was judged to be low.

[image: Grid and bar chart assessing risk of bias in multiple studies. The grid uses green, yellow, and red symbols to indicate low, unclear, and high risk in categories such as random sequence generation and allocation concealment. The bar chart further illustrates the proportion of each risk level for these categories, showing a predominance of green, followed by yellow and some red.]

FIGURE 2
 The risk of bias for RCTs. Top: Risk of bias summary: Review authors’ judgment of risk of bias items for each included study. Bottom: Risk of bias graph: Review authors’ judgment of each risk of bias item, expressed as a percentage of all included studies.


Table 2 summarizes the results of the quality assessment of non-randomized controlled studies. The risk of bias was low for most domains within a study population, but moderate for confounding bias and deviation from established interventions, resulting in an overall moderate risk of bias (23). Another study (27), although the risk of bias was low in most areas, had a moderate risk of bias for confounding bias and deviation from established interventions, resulting in an overall moderate risk of bias.



TABLE 2 Risk of bias assessment in non-randomized controlled studies.
[image: Table comparing biases in two studies by Kozey Keadle et al. and Puig-Ribera et al. Both studies have moderate confounding bias and bias in deviation from established intervention. Subject selection, bias in intervention categorization, bias of missing data, bias in outcome measurement, and bias in selective reporting of outcomes are all rated as low.]



3.4 Results of the meta-analysis

In the included trials, various tools were used to assess the effects of exercise on cardiovascular disease outcomes in sedentary populations. In our review, Meta-analysis was performed mainly on systolic blood pressure, diastolic blood pressure, resting heart rate, total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, and body mass index. The change from baseline to final value scores was used in our final efficacy analysis. The results of our analyses for each outcome are presented below.



3.5 Systolic blood pressure

Eleven studies (20, 21, 23–29, 32, 33) reported systolic blood pressure and included 814 subjects. Two studies (23, 26) divided the intervention group into two groups of different intensities. Thirteen were therefore included in the meta-analysis, and a random effects model was used due to the high heterogeneity present in this review (I2 = 70%, p < 0.0001). The results showed that with a combined sample size of 832, there was sufficiently strong evidence of a small reduction in Systolic blood pressure in the exercise intervention group compared with the control group (SMD = −0.33, 95% CI = [−0.62, −0.05], p = 0.02) (Figure 3). In addition, RCT and non-RCT were analyzed in separate subgroups, and the results showed that exercise was effective in lowering systolic blood pressure in the RCT group (SMD = −0.45, 95% CI = [−0.83, −0.08, p < 0.001]), while the non-RCT group showed that exercise did not lower systolic blood pressure (SMD = 0.01, 95% CI = [−0.21, 0.24, p = 0.091]) (see Supplementary file).

[image: Forest plot showing a meta-analysis of various studies comparing experimental and control groups. Each study's standard mean difference and confidence interval are displayed. The overall effect size is -0.33 with a 95% confidence interval from -0.62 to -0.05, favoring the experimental group. Heterogeneity is indicated with Tau² = 0.17, Chi² = 40.25, degrees of freedom = 12, and I² = 70%. The test for overall effect shows Z = 2.28, P = 0.02.]

FIGURE 3
 Forest plot of the effect of exercise on systolic blood pressure. CI, confidence interval.




3.6 Diastolic blood pressure

Eleven studies (20, 21, 23–27, 29, 30, 32, 33) reported diastolic blood pressure and included 736 subjects. Two (23, 26) studies divided the intervention group into two groups of different intensities. Therefore 13 were included in the meta-analysis, and a random effects model was used due to the high heterogeneity present in this review (I2 = 82%, p < 0.00001). The results showed that with a combined sample size of 754, there was sufficiently strong evidence that the exercise intervention group significantly reduced diastolic blood pressure compared with the control group (SMD = −0.52, 95% CI = [−0.92, −0.12], p = 0.01) (Figure 4). In addition, RCT and non-RCT were analyzed in separate subgroups, and the results showed that exercise was effective in lowering diastolic blood pressure in the RCT group (SMD = −0.72, 95% CI = [−1.27, −0.17, p < 0.001]), while the non-RCT group showed that exercise did not lower diastolic blood pressure (SMD = 0.01, 95% CI = [−0.21, 0.24, p = 0.88]) (see Supplementary file).

[image: Forest plot showing standardized mean differences for various studies comparing experimental and control groups. Each line represents a study with a square indicating effect size and lines for confidence intervals. The plot includes a diamond at the bottom summarizing overall effect with confidence interval. The overall effect favors the experimental group with a mean difference of -0.52 (95% CI: -0.92 to -0.12). Heterogeneity is indicated with an I² of 82%.]

FIGURE 4
 Forest plot of the effect of exercise on diastolic blood pressure. CI, confidence interval.




3.7 Heart rate

Seven studies (19, 21, 22, 28–30, 33) reported resting heart rate and included 363 subjects. One (19) study divided the intervention group into two groups with different intensities. Therefore, eight studies were included in the meta-analysis, and due to the very small heterogeneity (I2 = 7%) in the results of the current analysis, a meta-analysis of these eight studies was performed, we combined the results using a fixed-effects model. The results showed that with a combined sample size of 389, there was a small difference in resting heart rate in the exercise intervention group compared to the control group (SMD = −0.30, 95% CI = [−0.5, −0.1], p = 0.004) (Figure 5).

[image: Forest plot comparing multiple studies, showing standardized mean differences between experimental and control groups. Seven studies are listed, each with their mean, standard deviation, total, and weight. The plot indicates effect sizes and confidence intervals for each study, with a diamond representing the overall effect size of -0.30 with a 95% confidence interval of -0.50 to -0.10. The test for overall effect shows Z = 2.92, P = 0.004, suggesting significance.]

FIGURE 5
 Forest plot of the effect of exercise on heart rate. CI, confidence interval.




3.8 Total cholesterol

The effect of exercise on total cholesterol was measured in 7 studies (20, 21, 23, 29, 31–33) involving 343 subjects. One study (23) divided the intervention group into two groups of different intensities. Therefore, eight studies were included in the meta-analysis, due to the small heterogeneity (I2 = 17%) present in this review, we chose a fixed-effects model. The results showed a combined sample size of 351, and there was no effect of exercise on total cholesterol compared with the control group (SMD = −0.03, 95% CI = [−0.24, 0.18], p = 0.78) (Figure 6). In addition, separate subgroup analyses of the RCT and non-RCT showed that exercise was not effective in improving cholesterol in either the RCT or non-RCT groups (p > 0.05) (see Supplementary file).

[image: Forest plot showing the results of a meta-analysis comparing experimental and control groups across eight studies. The standardized mean differences and 95% confidence intervals are plotted. The overall effect size is -0.03, with a 95% confidence interval of [-0.24, 0.18]. The diamond at the bottom represents the combined estimate, indicating minimal effect and favoring neither group. Heterogeneity is low, with an I² of 17%.]

FIGURE 6
 Forest plot of the effect of exercise on total cholesterol. CI, confidence interval.




3.9 High-density lipoprotein cholesterol

The effect of exercise on HDL cholesterol was measured in 7 studies (20, 21, 23, 29, 31–33) involving 341 subjects. One study (23) divided the intervention group into two groups of different intensities. Therefore eight were included in the meta-analysis, and as there was no heterogeneity in this review (I2 = 0%), we chose a fixed-effects model. The results showed a combined sample size of 349 and no effect of exercise on HDL cholesterol compared with the control group (SMD = 0.06, 95% CI = [−0.16, 0.27], p = 0.6, Figure 7). In addition, separate subgroup analyses of RCT and non-RCT showed that exercise was not effective in reducing HDL in both the RCT and non-RCT groups (p > 0.05) (see Supplementary file).

[image: Forest plot showing a meta-analysis of eight studies comparing experimental and control groups. Each study presents a standardized mean difference with a 95% confidence interval. The overall effect size is 0.06, with a confidence interval from 0.16 to 0.27, indicating no significant effect favoring either group. Heterogeneity is low, with an I-squared value of zero percent. The plot includes a diamond shape representing the combined effect estimate, slightly leaning towards the control.]

FIGURE 7
 Forest plot of the effect of exercise on HDL-C. CI, confidence interval.




3.10 Low-density lipoprotein cholesterol

The effect of exercise on LDL cholesterol was measured in 6 studies (20, 21, 29, 31–33) involving 303 subjects. Therefore 6 were included in the meta-analysis and due to the high heterogeneity present in this review (I2 = 62%). We chose a random effects model. The results showed an effect of exercise on LDL cholesterol compared to controls (SMD = −0.21, 95% CI = [−0.59, 0.18], p = 0.29, Figure 8).

[image: Forest plot from a meta-analysis showing the standardized mean differences for six studies comparing experimental and control groups. Each study is listed with mean, standard deviation, total, and weight values. Confidence intervals for each study are represented with horizontal lines, and each has a dot representing the point estimate. The overall effect size is represented by a diamond at -0.21, indicating no significant difference. Heterogeneity statistics are provided below the plot.]

FIGURE 8
 Forest plot of the effect of exercise on LDL cholesterol. CI, confidence interval.




3.11 Triglyceride

The effect of exercise on triglycerides was measured in 3 (20, 29, 32) studies involving 155 subjects. Therefore 3 were included in the meta-analysis, and since there was no heterogeneity in this review (I2 = 0%), we chose a fixed effects model. The results showed no effect of exercise on triglycerides compared to controls (SMD = −0.11, 95% CI = [−0.42, 0.21], p = 0.51, Figure 9).

[image: Forest plot displaying the standard mean differences (SMD) and 95% confidence intervals (CI) for three studies comparing experimental and control groups. Each study's SMD is shown with a green square, and the horizontal lines represent the CIs. The overall SMD is indicated at the bottom as -0.11 with a 95% CI of -0.42 to 0.21. The plot suggests no significant effect favoring either group.]

FIGURE 9
 Forest plot of the effect of exercise on triglycerides. CI, confidence interval.




3.12 Body mass index

The effect of exercise on body mass index was measured in 7 studies involving 541 subjects. One study divided the intervention group into two groups with different intensities. Therefore 8 were included in the Meta-analysis, and as there was no heterogeneity in this review (I2 = 0%), we chose a fixed-effects model. The results showed a combined sample size of 549 and no effect of exercise on body mass index compared to the control group (SMD = 0.01, 95% CI = [−0.16, 0.17], p = 0.94, Figure 10). In addition, separate subgroup analyses of the RCT and non-RCT showed that exercise was not effective in reducing BMI in both the RCT and non-RCT groups (p > 0.05) (see Supplementary file).

[image: Forest plot depicting the standardized mean differences and confidence intervals from multiple studies comparing experimental and control groups. The studies include Alzahrani (2023), Bouzaiz (2019), Garthwaite (2022), and others. Summary statistics show no significant overall effect with a confidence interval from 0.01 to 0.16, and a p-value of 0.94. Heterogeneity is minimal with I-squared at zero percent.]

FIGURE 10
 Forest plot of the effect of exercise on body mass index. CI, confidence interval.




3.13 Sensitivity analysis

We performed sensitivity analyses to assess the effect of each study on exercise intervention systolic blood pressure, diastolic blood pressure, resting heart rate, total cholesterol, LDL cholesterol, and triglycerides (Figure 11). The results of the meta-analysis of exercise intervention for systolic blood pressure were statistically significant, OR (95% CI) = −0.51 (−0.84, −0.18) (Figure 11A). The results of the meta-analysis of exercise intervention for diastolic blood pressure were statistically significant, OR (95% CI) = −0.54 (−1.95, −0.13) (Figure 11B). The results of the meta-analysis of resting heart rate for exercise intervention were statistically significant, OR (95% CI) = −0.31 (−0.51, −0.1) (Figure 11C). The results of the meta-analysis of total cholesterol for exercise intervention were statistically significant, OR (95% CI) = −0.03 (−0.25, −0.04) (Figure 11D). The results of the meta-analysis of HDL-C for exercise intervention were statistically significant, OR (95% CI) = 0.06 (−0.16, 0.27) (Figure 11E). The results of the meta-analysis of triglyceride for exercise intervention were statistically significant, OR (95% CI) = 0.01 (−0.16, 0.18) (Figure 11F). Sensitivity analyses showed good robustness of results for exercise systolic, diastolic, heart rate, TC, HDL-C,and triglyceride after excluding any separate studies.

[image: Forest plots showing meta-analysis estimates for six different parameters: SBP, DBP, HR, TC, HDL-C, and TG. Each plot includes lower confidence limits, estimates, and upper confidence limits for named studies. Vertical lines indicate overall estimates for comparison. Plots (A) through (F) visually compare the impact of omitting each study on the overall estimates.]

FIGURE 11
 Sensitivity analysis of (A) SBP, (B) DBP, (C) HR.




3.14 Publication risk of bias detection

Funnel plots of the effect of exercise on systolic blood pressure, diastolic blood pressure, resting heart rate, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides, and body mass index (Figure 12) were shown, which indicated that the left and right sides of the funnel plots were essentially symmetrical, with a small publication bias.

[image: Funnel plots showing the relationships between standard error of mean difference (SE(MD)) and effect size (MD) for various health metrics: (A) Systolic Blood Pressure (SBP), (B) Diastolic Blood Pressure (DBP), (C) Heart Rate (HR), (D) Total Cholesterol (TC), (E) High-Density Lipoprotein Cholesterol (HDL-C), (F) Low-Density Lipoprotein Cholesterol (LDL-C), (G) Triglycerides (TG), and (H) Body Mass Index (BMI). Each plot includes data points and a symmetrical triangular line indicating data dispersion.]

FIGURE 12
 Funnel plots. (A) Funnel plot of systolic blood pressure. (B) Funnel plot of diastolic blood pressure. (C) Funnel plot of resting heart rate. (D) Funnel plot of total cholesterol. (E) Funnel plot of HDL cholesterol. (F) Funnel plot of LDL cholesterol. (G) Funnel plot of triglycerides. (H) Funnel plot of body mass index.




3.15 Quality of evidence

The certainty of the evidence that exercise improves systolic blood pressure, diastolic blood pressure, and heart rate in sedentary populations was “moderate,” primarily due to sample sizes of less than 400. The certainty of the evidence that exercise improves cholesterol, hyperlipoproteins, and low-lipoprotein levels in sedentary populations was “low” primarily due to the higher heterogeneity of study results and sample sizes of less than 400 mainly due to higher heterogeneity of findings and a sample size of less than 400. The certainty that exercise improves triglyceride levels and body mass index (BMI) in sedentary populations was “very low” due to the lack of blinding or allocation concealment, the small sample size, and the high degree of heterogeneity of the included studies. The certainty that exercise improves cholesterol, high lipoprotein, and low lipoprotein levels in sedentary populations was “low.” Detailed results are shown in Table 3.



TABLE 3 GRADE evidence profile in the meta-analysis.
[image: A table displaying the certainty assessment of various health metrics from clinical studies. It includes columns for the number of studies, study design, risk of bias, inconsistency, indirectness, imprecision, other considerations, experimental group, control group, relative and absolute effects, and overall certainty level. Metrics assessed are systolic and diastolic blood pressure, heart rate, total cholesterol, high-density and low-density lipoprotein cholesterol, triglyceride, and body mass index. Data like standardized mean differences and confidence intervals are presented with varying certainty levels from moderate to very low.]




4 Discussion


4.1 Summary of main findings of the article

Prolonged sedentary behavior has a significant impact on health, especially on cardiovascular disease. However, there is no systematic evaluation or meta-analysis of the effects of exercise on cardiovascular disease risk factors in sedentary populations. This study used a meta-analysis approach to systematically assess and analyze the effects of exercise interventions for cardiovascular disease factors in sedentary populations, a subpopulation that has not been comprehensively addressed in previous reviews on this topic. This meta-analysis provides evidence that exercise improves systolic blood pressure, diastolic blood pressure, resting heart rate, total cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides in sedentary populations compared to controls. However, there was no change in HDL cholesterol or body mass index. Fifteen studies evaluating the effects of exercise on cardiovascular disease risk factors in sedentary populations were considered eligible for systematic evaluation and meta-analysis. We systematically evaluated the available studies and extracted information on sample characteristics, study design, key methodological features, and cardiovascular disease outcomes. However, 13 of the included studies were RCT designs that could not be fully blinded. We determined that the included studies were of relatively high quality, given their rigorous design and adherence to other methodological standards (e.g., randomization, controlled comparisons). This strengthens the credibility of our findings, though the heterogeneity in study populations, exercise protocols, and outcome measurements should be considered when interpreting the results. Some studies relied on objective biomarkers (e.g., lab-measured LDL, blood pressure monitors), while others used self-reported or questionnaire-based assessments. Subjective measures are more prone to recall bias and misclassification, potentially weakening the consistency of results. Variations in assay methods for lipid profiles (e.g., enzymatic vs. direct measurement of HDL) could also contribute to heterogeneity. Included studies spanned diverse populations (e.g., North American, European, and Asian cohorts), which may differ in baseline CVD risk, genetic predispositions, or lifestyle factors (e.g., diet, smoking rates). Exercise regimens varied widely in intensity (e.g., moderate vs. vigorous), type (aerobic vs. resistance training), and duration (8 weeks to 12 months), complicating direct comparisons. What’s more, lack of blinding in exercise trials could lead to differential behavior between groups (e.g., control participants increasing activity due to awareness of being monitored).



4.2 Analysis of the effects of exercise intervention programs


4.2.1 Blood pressure

As a result of the study by Barone Gibbs B et al., they recruited 25 obese subjects with pre-stage 1 hypertension and had one group sit for 3.4 h uninterruptedly and detected increases in DBP and mean arterial pressure (35). Moreover, exercise interventions have demonstrated significant benefits in reducing both systolic and diastolic blood pressure (SBP and DBP) in sedentary populations. Moderate-intensity exercise, such as circuit weight training or aerobic exercise, has been shown to lower SBP and DBP in obese individuals (26). However, high-intensity interval training (HIIT) appears to offer greater antihypertensive effects compared to moderate-intensity exercise, particularly in hypertensive patients (24). These findings are supported by the analysis of a recent study by Peng Yu et al. (36), which showed that in sedentary older adults, both HIIT and MICT lowered systolic and diastolic blood pressure compared with the guideline-based physical activity program group, and that HIIT would provide even greater benefits in these areas. In addition a recent meta-analysis by Ansari demonstrated that centrifugal exercise was effective in lowering blood pressure (systolic and diastolic) in sedentary populations compared to traditional exercise modalities (37). These results suggest that exercise is effective in improving blood pressure in sedentary populations and that exercise intensity plays a crucial role in blood pressure management, with the benefits being more pronounced at higher intensities.



4.2.2 Lipid profile

The effects of exercise on lipid profiles, including total cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL), and triglycerides (TG), vary depending on the intervention type and intensity. While moderate-intensity exercise has shown limited effects on lipid levels in some studies (19). HIIT has been associated with significant improvements in TC, LDL, and TG levels, particularly in younger sedentary populations (38). A recent meta-study by Mc et al. found that HIIT significantly reduced LDL (−12.14 mg/dL) and TC (−9.27 mg/dL) concentrations without significantly affecting HDL or TG concentrations compared to a sedentary group. HIIT significantly reduced LDL (−6.23 mg/dL) and TC (−7.85 mg/dL) concentrations compared with MICT, without significantly affecting HDL or TG concentrations (39). The Smart et al. meta-analysis study demonstrated that for each additional week of aerobic exercise, TC −7.68 mg/dL, and for each additional week of training, TC decreased −0.5 mg/dL for every minute of session time, there was an additional 2.11 mg/dL increase in HDL (40). These findings highlight the potential of high-intensity exercise to improve lipid metabolism, although further research is needed to determine the optimal dose and duration for these effects.



4.2.3 Heart rate variability and vascular function

Exercise interventions have also been shown to improve heart rate variability (HRV) and vascular function, which are key indicators of cardiovascular health. Moderate-intensity exercise increased HRV in sedentary postmenopausal women (22), while HIIT improved vascular function and structure in adolescent sedentary youth (38). A recent randomized controlled trial by Masroor demonstrated that a combination of aerobic and resistance training significantly enhanced HRV parameters indicating vagal dominance in sedentary hypertensive women (30). These findings suggest that diverse exercise modalities can improve cardiovascular health through multiple pathways, including enhanced autonomic regulation and vascular remodeling.



4.2.4 Exercise frequency and duration

The frequency and duration of exercise interventions are critical factors in achieving cardiovascular benefits. For exercise interventions in sedentary populations, there are generally two types of single exercise durations. One is the traditional intervention of a few minutes at a time, and the other is composed of multiple short durations, also known as Exercise snacks. In one study, it was recommended that each adult accumulate at least 30 min of moderate physical activity on most days of the week (41). This is consistent with the World Health Organization’s recommendation of 30–60 min of moderate-intensity aerobic exercise workout per session. Several of the studies included in this study also involved such activities in this interval: 30 min (30, 31), 40 min (23), or 45 min (33). In addition to this, Garthwaite T. demonstrated the effectiveness of exercise snacks in promoting cardiometabolic health in adults with metabolic syndrome by using increased standing and LPA equivalents to reduce sedentary time in his study (20). In a study by Yin M., it was found that compared to MICT, LV-HIIT required only 14–47% of the exercise time commitment but appeared to be at least as good as MICT in improving CRF (42). Both low-volume high-intensity interval training (LV-HIIT) and traditional 30–60 min exercise workouts are effective in reducing the risk of cardiovascular disease. The similarities are that both improve cardiovascular disease risk, and the differences are that low-volume, high-intensity interval training requires less time and more flexibility in workout scheduling. The results of this study also showed that an exercise frequency of 3–5 times/week was the most significant in improving cardiovascular disease (22–24, 26, 28, 29, 43). The results of the same meta-analysis also showed that regular aerobic exercise appeared to be an effective lifestyle intervention to reduce ambulatory BP in patients on hypertensive medication, with a minimum dose that is difficult to determine but probably corresponds to ≥3 sessions/week (44). There was a high degree of agreement regarding the frequency of exercise, encouraging 3–5 exercise sessions per week.



4.2.5 Exercise modalities

Third, different modes of exercise. Although aerobic exercise is usually recommended as the first line of anti-hypertensive lifestyle therapy, in the present study other modes of exercise were found to reduce the risk of cardiovascular disease to some extent. From the studies included in the review, two studies chose “increased standing and light-intensity physical activity” (4, 5). One study (5.9%) chose “intermittent hypoxic exposure” (17). One study chose combined aerobic and resistance exercise training (13). Unlike traditional aerobic exercise, most of the studies reduced sedentary time by combining aerobic and resistance exercise or by increasing standing to reduce blood pressure and lipid levels. This also provides sedentary people with some different exercise options that do not require aerobic exercise every time to achieve their goals.




4.3 Mechanisms of the effects of exercise on cardiovascular metabolism in sedentary populations

The cardiovascular metabolic effects of exercise in sedentary populations are mainly in two areas. On the one hand, there are hemodynamic outcome effects. It has been demonstrated that hypertension (HBP) is positively associated with an increased risk of organ damage, such as coronary artery calcification, ventricular hypertrophy, and increased carotid intima-media thickness (45). And hypertension is one of the major risk factors for cardiovascular disease (46). Results of multiple studies have shown that prolonged sedentary behavior is associated with an increased risk of cardiovascular death and increased all-cause mortality (34, 47, 48). The combination of sedentary behaviors with chronic diseases is more likely to impair a person’s health than sedentary behaviors alone (49). Two meta-analyses examined the role of physical activity in modifying the adverse association between sedentary behavior and mortality risk (50, 51). This is similar to the results of the present study, however, the perspective of the present study is from the study of exercise on cardiometabolic diseases in sedentary populations. The results of this study demonstrated that exercise reduces diastolic blood pressure, systolic blood pressure, and resting heart rate in a sedentary population. One study demonstrated a 9% reduction in coronary heart disease mortality for every 5 mmHg reduction in SBP (52). Exercise increases blood flow velocity and raises nitric oxide (NO) levels in endothelial cells, and the increase in nitric oxide depends on peripheral vascular compliance, which may be a potential mechanism by which exercise lowers blood pressure (53, 54). However, the mechanism by which exercise lowers blood pressure is complex and not fully understood.

On the other hand, there are hematological CVD risk factors. Exercise did not affect TC, HDL-C, LDL-C, and TG in this study. In contrast, Tjonna et al. reported that HDL-C increased in middle-aged adults after 16 weeks of aerobic interval training (55). Based on what is currently known, the minimum weekly exercise energy expenditure of 1,200–2,200 kcal is the necessary minimum to produce positive lipid changes (56). However, it is important to consider that the lack of consistent dominant results could also be explained by differences in exercise programs and it is possible that any effect of exercise on lipids may not be observed until certain exercise thresholds are reached (56). It is therefore not surprising that the present study did not show any favorable changes in hematology in sedentary populations. However, a recent study contradicts this expectation, as it showed that both 36 sessions of HIIT training (8 × 2 min at 90% peak power output) and supra-HIIT (8 × 20 s at 170% peak power output) performed over 12 weeks significantly reduced TC, HIIT, and HIIT in overweight or obese men (38). However, in designing such studies in the future, it is important to control for confounding factors that alter lipids, such as body weight, fat mass, calorie intake, nutrient composition of the diet, and other lifestyle characteristics that may alter lipids. A prolonged sedentary life usually causes disorders of glucolipid metabolism such as insulin resistance and dyslipidemia. These factors are also important contributors to cardiovascular disease (CVD) and T2DM (57). Exercise increases potential metabolic effects, including decreasing BMI, sex hormones, obesity, insulin resistance, and C-peptide levels, and may affect immune system inflammation (49–51). Exercise favors fatty acid oxidation, limits hepatic triglyceride accumulation, and impairs the deleterious effects of fatty acid derivatives in the insulin receptor signaling cascade response, which may be a potential mechanism by which exercise improves glycolipid metabolism (58). In addition to this, high physical activity levels are significantly lower in sedentary populations and high BMI increases the risk of cardiovascular disease (59, 60). The results of this study did not prove that exercise significantly affects BMI in the sedentary population. That may be because multiple exercises are exercise snacks which are mainly aimed at reducing the sedentary time in the sedentary population and whose intensity is so less that the amount of fat burning is not sufficient.



4.4 Limitations and strengths

This systematic evaluation and meta-analysis also has several limitations. First, the included studies were randomized controlled trials of exercise interventions and could not be fully blinded. Therefore, subjective factors can cause some degree of bias in the quality evaluation process. Second, there are relatively few studies on certain indicators, and more relevant studies are needed to extend the results in the future. Third, heterogeneity between studies is unavoidable as the above studies were conducted in different countries.

This study also has several strengths. Firstly, there has not been a systematic evaluation and meta-analysis of the effects of cardiovascular disease in sedentary populations, a subhealth status group, so this study involves an innovative topic. Second, this review used a rigorous systematic review methodology by PRISMA guidelines to ensure that relevant literature was identified and assessed with the highest possible scientific rigor. Third, this review provides an a priori design for registration in the Prospero database, so research questions and inclusion criteria were established before conducting this review. Fourth, three electronic sources were searched by using the search strategy as reported in this paper and also detailed in Supplementary Table S1. In addition, the quality of the included studies was examined, and the conclusions drawn from this review were strengthened through the use of a quality assessment tool.



4.5 Practical implications and future research directions

The findings of this study have important implications for public health and the promotion of physical activity in sedentary populations. The evidence supports the integration of diverse exercise modalities, including HIIT and “exercise snacks,” into public health guidelines to reduce cardiovascular risk. Additionally, the observed heterogeneity underscores the need for standardized exercise protocols and larger, more diverse studies to clarify the optimal dose and type of exercise for specific populations.

Future research should focus on addressing the limitations identified in this review, such as the lack of blinding in RCTs and the variability in exercise interventions. Longitudinal studies are needed to assess the long-term effects of exercise on cardiovascular risk factors, particularly in underrepresented groups. Furthermore, the development of personalized exercise prescriptions based on individual risk profiles and preferences could enhance the effectiveness of public health interventions.




5 Conclusions

Our meta-analysis demonstrated that exercise interventions significantly improved systolic blood pressure, diastolic blood pressure, and resting heart rate in sedentary populations. However, no statistically significant effects were observed on total cholesterol, HDL-C, LDL-C, triglycerides, or BMI, suggesting that exercise alone may not uniformly improve all cardiovascular risk factors in this population.

The most effective intervention protocol for blood pressure and heart rate improvements involved moderate-intensity exercise (30–40 min/session, 3–5 times/week). These findings highlight the importance of targeting sedentary behavior to enhance cardiovascular health, though additional strategies—such as dietary modifications, weight management, and medical treatment for existing conditions—may be necessary to address lipid profiles and BMI.

Future research should:

Clarify the relationship between exercise dose and blood lipids through larger, longer-term trials with standardized protocols.

Improve RCT quality by minimizing bias (e.g., using objective outcome measures, blinded assessors where feasible) to strengthen evidence reliability.

Explore personalized approaches (e.g., stratified by age, sex, or baseline risk) to identify subgroups that may benefit most from exercise interventions.

These refinements will help clinicians and public health professionals design more effective, evidence-based strategies for reducing sedentary-related cardiovascular risk.
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Objective: Subclinical hypothyroidism (SCH) is a prevalent endocrine disorder associated with metabolic and cardiovascular risks. While physical activity (PA) is well recognized for its benefits on metabolic and cardiovascular health, its relationship with SCH remains unclear. This study aimed to examine the associations between different types, intensities, and frequencies of PA and SCH prevalence using nationally representative data from the U. S. National Health and Nutrition Examination Survey (NHANES).
Methods: Data from the 2007–2012 NHANES cycles were analyzed. Weighted univariate and multivariate logistic regression models were employed to assess the associations between PA and SCH prevalence. Curve fitting and threshold effect analyses were conducted to explore potential non-linear relationships, while subgroup analyses examined effect modifications by demographic and clinical factors.
Results: Among 6,133 participants included in the final analysis (approximately 20.15% of the total NHANES sample), the prevalence of SCH was 2.5%. Individuals without SCH exhibited significantly higher total PA duration, particularly in occupational physical activity (OPA), vigorous physical activity (VPA), moderate-to-vigorous physical activity (MVPA), MVPA intensity, and weekly frequency of vigorous occupational physical activity (VOPA). In the fully adjusted model, each 10-h/week increase in VPA and MVPA was associated with 33% (OR = 0.67, 95% CI: 0.49–0.91) and 11% (OR = 0.89, 95% CI: 0.81–0.98) lower odds of SCH, respectively. A 10% increase in MVPA intensity was linked to an 8% reduction (OR = 0.92, 95% CI: 0.87–0.97). Similar inverse associations were found for PA and OPA (PA: OR = 0.90, 95% CI: 0.82–0.98; OPA: OR = 0.90, 95% CI: 0.81–0.99). Among PA frequency measures, only VOPA frequency was significant, with each additional session per week associated with a 17% reduction in odds (OR = 0.83, 95% CI: 0.74–0.94). Curve fitting analysis revealed a non-linear relationship between MVPA intensity and SCH prevalence, with a threshold at 57.14%. Below this threshold, higher MVPA intensity was associated with lower SCH prevalence (p = 0.001), whereas above this threshold, the association became non-significant. Subgroup analyses identified a significant interaction with age, where the protective effects of PA and OPA were significant only in individuals aged <60 years.
Conclusion: This study suggests that higher PA levels, particularly at greater intensities and frequencies, are associated with a lower prevalence of SCH, especially in individuals aged <60 years. These findings highlight the potential role of regular, high-intensity PA in reducing SCH risk.
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Introduction

Subclinical hypothyroidism (SCH), characterized by elevated thyroid-stimulating hormone (TSH) levels alongside normal free thyroxine (FT4) levels, is a prevalent endocrine disorder affecting up to 10% of adults, with the highest prevalence observed in women and the older adult (1, 2). SCH has been associated with various metabolic and cardiovascular complications, including elevated serum total cholesterol, low-density lipoprotein cholesterol (LDL-C), and triglycerides (TG), as well as an increased risk of cardiovascular disease and cognitive impairment (3). Given its potential long-term health consequences, understanding modifiable risk factors that may influence SCH prevalence is of significant clinical and public health interest.

Physical activity (PA), defined as any bodily movement that results in energy expenditure, is typically categorized into occupational physical activity (OPA), transportation physical activity (TPA), and leisure-time physical activity (LTPA), with further classification based on intensity into moderate physical activity (MPA) and vigorous physical activity (VPA) (4, 5). While PA is well known for its beneficial effects on metabolic and cardiovascular health, its relationship with thyroid function remains less clear. A population-based cohort study reported no significant association between total PA and thyroid function (as defined by TSH and FT4 levels) (6), whereas other studies have suggested that PA may influence thyroid-related biochemical markers and thyroid diseases (7).

For instance, previous research has demonstrated that PA significantly impacts thyroid function, particularly among military personnel and athletes, where intense physical activity may alter hormonal homeostasis (8). Wu et al. (9) carried out a cross-sectional, community-based study in Fujian Province, China, including 318 individuals (159 with SCH and 159 euthyroid controls), and observed that PA was closely associated with thyroid hormone levels and homeostasis. However, both studies were based on small, non-representative samples, limiting their generalizability to broader populations. These limitations highlight the need for large, population-based studies such as those using NHANES data to better understand the PA–thyroid function relationship in the general U. S. population.

Despite growing interest in the potential role of PA in thyroid health, there is a lack of large-scale studies systematically examining the associations between different PA types, intensities, and frequencies and SCH prevalence in the general population. Given PA’s potential involvement in metabolic regulation, inflammation reduction, and endocrine homeostasis, we hypothesize that higher PA levels, particularly VPA and frequent PA engagement, are inversely associated with SCH prevalence. Furthermore, we predict that this association may vary by PA type (OPA, TPA, LTPA) and intensity (MPA vs. VPA), with vigorous and occupational PA exhibiting stronger protective effects.

To test this hypothesis, we utilized data from the National Health and Nutrition Examination Survey (NHANES) database, adjusting for potential confounders, to comprehensively explore the associations between PA patterns and SCH prevalence in a nationally representative population.



Methods


NHANES description and ethical approval

The NHANES is a comprehensive, nationally representative survey conducted in the United States that collects data on demographics, health-related behaviors, and nutritional status. All survey protocols were reviewed and approved by the Ethics Review Board of the National Center for Health Statistics (NCHS), in accordance with the ethical standards of institutional and national research committees and the 1964 Declaration of Helsinki and its later amendments. All participants provided written informed consent prior to participation. NHANES data are publicly available online.1



Study participants

Participants were drawn from the NHANES 2007–2008, 2009–2010, and 2011–2012 cycles, comprising a nationally representative sample of 30,442 individuals. For this study, we included adults aged 18 years or older with available thyroid function measurements and complete data on PA assessments. We excluded individuals with missing PA data (N = 9,134), those lacking laboratory data necessary for the diagnosis of subclinical hypothyroidism (SCH) (N = 10,927), individuals with known thyroid disorders (N = 588) to minimize potential confounding, pregnant participants (N = 84) due to pregnancy-related hormonal changes, and participants reporting zero PA (N = 2,244) to avoid extreme outliers and better assess dose–response relationships. After applying these criteria, the final analytical sample consisted of 6,133 participants (Figure 1).
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FIGURE 1
 Flowchart of participant selection.




Definition and measurement of SCH

The SCH was defined as a TSH level ≥ 4.5 mIU/L with an FT4 level within the normal range of 9–25 pmol/L (10). Serum total thyroxine, total triiodothyronine, and free triiodothyronine levels were measured using a competitive binding immunoenzymatic assay. Serum FT4 was measured using a two-step immunoenzymatic assay, and serum TSH was measured using a third-generation two-site immunoenzymatic (sandwich) assay. Thyroid function tests were conducted only among participants aged ≥12 years who met NHANES laboratory eligibility criteria.



Definition of PA

PA data were collected from all participants aged ≥2 years. PA was self-reported by participants using the Global Physical Activity Questionnaire (4). PA was categorized into three common domains: OPA, TPA, and LTPA. Participants reported the frequency, intensity, and duration of PA in a typical week, distinguishing between vigorous and moderate PA for both OPA and LTPA. For OPA or LTPA, minutes spent in VPA were doubled and added to the minutes of MPA. This total was then multiplied by the number of active days to determine the total PA minutes per week (4). To account for variability in PA values, PA was converted from minutes to 10-h units. The intensity of moderate-to-vigorous physical activity (MVPA) was calculated as the proportion of VPA to total MVPA. For example, a person engaging in 40 min of VPA and 80 min of MPA in a typical week would accumulate 160 min of MVPA, with VPA accounting for 50% of the total MVPA (11).



Covariates

The analysis adjusted for a comprehensive set of covariates encompassing demographic, lifestyle, and clinical factors. Demographic variables included age, gender (male or female), race/ethnicity (non-Hispanic White, non-Hispanic Black, Mexican American, and other races), educational attainment (less than high school, high school graduate or GED, and more than high school), family poverty level (categorized by family poverty income ratio as <1.3, 1.3–3.5, and ≥3.5), and marital status (married or cohabitating, widowed/divorced/separated, and never married). Anthropometric and clinical variables included body mass index (BMI), classified as <25, 25–30, and ≥30 kg/m2, as well as hypertension and diabetes, both defined by either a physician diagnosis or the use of related medications. Lifestyle-related covariates comprised smoking status (defined as having smoked ≥100 cigarettes in a lifetime), heavy alcohol consumption (≥5 drinks per day), average daily sedentary time (hours), and average sleep duration (hours). Urinary iodine concentration (UIC), a biological indicator relevant to thyroid function, was also included and categorized as <100 μg/L, 100–300 μg/L, and ≥300 μg/L, measured via inductively coupled plasma dynamic reaction cell mass spectrometry. Sedentary behavior was further assessed based on self-reported sitting time during activities such as reading, watching television, computer use, or traveling in a vehicle.



Statistical analysis

Statistical analyses were performed using R software (R Foundation: http://www.r-project.org; version 3.4.3) and Empower (R) (www.empowerstats.com, X&Y Solutions, Inc., Boston, Massachusetts). Given the complex, multistage sampling design of NHANES, MEC examination weights were applied to ensure representativeness and account for survey design effects.

Categorical variables were expressed as absolute frequencies (n) with weighted percentages, while continuous variables were presented as weighted means ± standard deviations. Differences between groups were assessed using Chi-square tests for categorical variables, while parametric tests (t-tests, ANOVA) were employed for normally distributed continuous variables, and non-parametric tests (Mann–Whitney U, Kruskal–Wallis) were applied for non-normally distributed data. All statistical tests were two-sided, with a significance threshold of p < 0.05.

To examine the association between PA and SCH prevalence, multivariable logistic regression models were constructed. Model 1 was unadjusted, while Model 2 accounted for gender, age, and race. Model 3 further adjusted for education level, marital status, FPL, BMI, alcohol consumption, smoking status, hypertension, diabetes, UIC, sedentary time, and sleep duration.

Potential non-linear associations were explored using smoothing curve fitting, where the central line represented the effect size and the shaded areas denoted the 95% confidence interval (CI). In addition, threshold effect analysis was conducted to identify possible cutoff points in the association between MVPA intensity and SCH prevalence.

Subgroup analyses were performed to assess the associations across various demographic and clinical strata, while interaction effects were evaluated using multiplicative interaction terms. The statistical significance of these effect modifications was determined using p-values for interaction.




Results

This study included 6,133 participants from the NHANES 2007–2012 datasets, with an average age of 43.18 ± 16.15 years. Among them, 54.57% were male and 45.43% were female.


PA differences

Significant differences in PA parameters were observed between participants with SCH and euthyroid individuals. Participants in the euthyroid group exhibited higher levels of VPA and MVPA compared to those with SCH. Specifically, individuals in the euthyroid group had significantly greater mean values for VPA per 10 h (0.55 ± 1.05 vs. 0.30 ± 0.76, p = 0.001), MVPA per 10 h (1.99 ± 2.73 vs. 1.45 ± 2.01, p = 0.009), MVPA intensity per 10% (3.60 ± 3.86 vs. 2.42 ± 3.57, p < 0.0001), total PA per 10 h (2.19 ± 2.85 vs. 1.66 ± 2.12, p = 0.014), OPA per 10 h (1.51 ± 2.63 vs. 1.00 ± 1.84, p = 0.009), and weekly frequency of VOPA (1.16 ± 2.07 vs. 0.65 ± 1.70, p = 0.001). However, no significant differences were found between the two groups in MPA, TPA, LTPA, or in the frequencies of MVPA, moderate LTPA, vigorous LTPA, and TPA. Additionally, sedentary time, sleep duration, and UIC did not significantly differ between groups (Table 1).


TABLE 1 Baseline characteristics stratified by SCH.


	Characteristica
	Euthyroid
	SCH
	P-value

 

 	Age (years) 	43.13 ± 16.12 	45.05 ± 17.07 	0.115


 	Gender, n (%) 	 	 	0.844


 	Male 	3,331 (54.60) 	88 (53.86) 	


 	Female 	2,647 (45.41) 	67 (46.15) 	


 	Race, n (%) 	 	 	<0.001


 	Non-Hispanic White 	2,718 (69.98) 	102 (84.29) 	


 	Non-Hispanic Black 	1,194 (10.23) 	10 (2.75) 	


 	Mexican American 	975 (8.13) 	17 (4.69) 	


 	Other Race 	1,091 (11.66) 	26 (8.27) 	


 	Education, n (%) 	 	 	0.409


 	Less than high school diploma 	1,570 (17.47) 	47 (17.99) 	


 	High school graduate/GED 	1,392 (23.24) 	35 (27.19) 	


 	More than high school diploma 	3,016 (59.29) 	73 (54.82) 	


 	Marital status, n (%) 	 	 	0.042


 	Married or cohabitating 	3,410 (64.45) 	95 (72.21) 	


 	Widowed, divorced, or separated 	1,116 (19.99) 	19 (12.42) 	


 	Never married 	1,085 (15.56) 	34 (15.37) 	


 	FPL, n (%) 	 	 	0.447


 	<1.3 	1,695 (20.44) 	48 (21.04) 	


 	1.3–3.5 	2003 (33.48) 	52 (37.53) 	


 	≥3.5 	1776 (46.09) 	41 (41.42) 	


 	BMI (kg/m2), n (%) 	 	 	0.591


 	<25 	1972 (35.4) 	43 (35.73) 	


 	25–30 	2034 (34.61) 	53 (31.33) 	


 	≥30 	1912 (30) 	59 (32.94) 	


 	Alcohol consumption, n (%) 	 	 	0.775


 	No 	1,237 (19) 	33 (18.12) 	


 	Yes 	4,003 (80) 	109 (81.88) 	


 	Hypertension, n (%) 	 	 	0.248


 	No 	4,302 (74.72) 	33 (70.92) 	


 	Yes 	1,676 (25.28) 	109 (29.08) 	


 	Diabetes, n (%) 	 	 	0.840


 	No 	5,427 (93.54) 	139 (93.92) 	


 	Yes 	551 (6.46) 	16 (6.08) 	


 	Smoking, n (%) 	 	 	0.004


 	No 	2,993 (53.46) 	93 (64.71) 	


 	Yes 	2,615 (46.54) 	55 (35.29) 	


 	UIC (μg/L), n (%) 	 	 	0.316


 	<100 	1926 (33.28) 	44 (30.77) 	


 	100–300 	2,835 (48.5) 	73 (46.58) 	


 	≥300 	1,069 (18.22) 	33 (22.65) 	


 	Sleep duration (h) 	6.82 ± 1.30 	6.89 ± 1.36 	0.473


 	Sedentary time (h) 	5.49 ± 3.23 	5.61 ± 3.35 	0.638


 	PA (10 h/week) 	2.19 ± 2.85 	1.66 ± 2.12 	0.014


 	OPA (10 h/week) 	1.51 ± 2.63 	1.00 ± 1.84 	0.009


 	TPA (10 h/week) 	0.20 ± 0.59 	0.21 ± 0.57 	0.785


 	LTPA (10 h/week) 	0.48 ± 0.75 	0.45 ± 0.67 	0.632


 	MPA (10 h/week) 	0.89 ± 1.25 	0.86 ± 1.10 	0.745


 	VPA (10 h/week) 	0.55 ± 1.05 	0.30 ± 0.76 	0.001


 	MVPA (10 h/week) 	1.99 ± 2.73 	1.45 ± 2.01 	0.009


 	MVPA intensity (10%/week) 	3.60 ± 3.86 	2.42 ± 3.57 	<0.0001


 	Moderate OPA frequency (times/week) 	2.29 ± 2.52 	2.44 ± 2.51 	0.412


 	Vigorous OPA frequency (times/week) 	1.16 ± 2.07 	0.65 ± 1.70 	0.001


 	TPA frequency (times/week) 	1.63 ± 2.57 	1.62 ± 2.54 	0.936


 	Moderate LTPA frequency (times/week) 	1.84 ± 2.12 	2.11 ± 2.21 	0.096


 	Vigorous LTPA frequency (times/week) 	1.10 ± 1.81 	1.01 ± 1.97 	0.510


 	MVPA frequency (times/week) 	6.38 ± 4.41 	6.21 ± 4.52 	0.601





aData are presented as n (%) or mean ± standard deviation.

SCH, subclinical hypothyroidism; FPL, family income to poverty ratio; BMI, body mass index; UIC, urinary iodine concentration; PA, physical activity; OPA, occupational physical activity; TPA, transportation-related physical activity; LTPA, leisure-time physical activity; MPA, moderate physical activity; VPA, vigorous physical activity; MVPA, moderate-to-vigorous physical activity.
 



Association between PA and SCH

Logistic regression analyses revealed a significant inverse association between PA and SCH prevalence. In the unadjusted model, the odds ratio (OR) for SCH per 10-h increase in PA time was 0.92 (95% CI: 0.86–0.99, p = 0.023), and per 10-h increase in OPA time, the OR was 0.92 (95% CI: 0.85–0.99, p = 0.033). These findings suggest that higher PA levels, particularly in occupational settings, are associated with lower SCH prevalence (Table 2).


TABLE 2 Relationship between various PA and SCH, showed by weighted multivariate logistic regression.


	SCH
	Model 1
	P-value
	Model 2
	P-value
	Model 3
	P-value



	OR (95% CI)
	OR (95% CI)
	
	OR (95% CI)



 	PA (10 h/week) 	0.92 (0.86, 0.99) 	0.023 	0.93 (0.86, 1.00) 	0.048 	0.90 (0.82, 0.98) 	0.022


 	OPA (10 h/week) 	0.92 (0.85, 0.99) 	0.033 	0.92 (0.85, 1.00) 	0.043 	0.90 (0.81, 0.99) 	0.034


 	TPA (10 h/week) 	0.94 (0.71, 1.25) 	0.680 	1.00 (0.77, 1.31) 	0.998 	0.97 (0.71, 1.31) 	0.829


 	LTPA (10 h/week) 	0.90 (0.71, 1.14) 	0.374 	0.96 (0.76, 1.21) 	0.714 	0.82 (0.58, 1.17) 	0.274





Model 1 was adjusted for none. Model 2 was adjusted for gender, age, and race. Model 3 was adjusted for gender, age, race, education, marital status, FPL, BMI, alcohol consumption, smoking, hypertension, diabetes, UIC, sedentary time, and sleep duration.

PA, physical activity; SCH, subclinical hypothyroidism; OPA, occupational physical activity; TPA, transportation-related physical activity; LTPA, leisure-time physical activity; FPL, family income to poverty ratio; BMI, body mass index; UIC, urinary iodine concentration; CI, confidence interval; OR, odds ratio.
 

Further analysis of PA intensity demonstrated that increased engagement in VPA and MVPA was linked to a reduced likelihood of SCH. Specifically, per 10-h increase in VPA, the OR for SCH was 0.74 (95% CI: 0.59–0.93, p = 0.01), while for MVPA time, the OR was 0.92 (95% CI: 0.85–0.99, p = 0.023). Additionally, each 10% increase in MVPA intensity was associated with a significant reduction in SCH prevalence (OR = 0.92, 95% CI: 0.88–0.96, p < 0.001). These results indicate that engaging in high-intensity PA may be particularly beneficial in reducing SCH risk (Table 3).


TABLE 3 Relationship between moderate to vigorous PA and SCH, showed by weighted multivariate logistic regression.


	SCH
	Model 1
	P-value
	Model 2
	p-value
	Model 3
	P-value



	OR (95% CI)
	OR (95% CI)
	OR (95% CI)

 

 	MPA (10 h/week) 	0.96 (0.84, 1.10) 	0.540 	0.96 (0.83, 1.10) 	0.520 	0.94 (0.80, 1.11) 	0.490


 	VPA (10 h/week) 	0.74 (0.59, 0.93) 	0.010 	0.76 (0.60, 0.96) 	0.022 	0.67 (0.49, 0.91) 	0.011


 	MVPA (10 h/week) 	0.92 (0.85, 0.99) 	0.023 	0.92 (0.85, 1.00) 	0.040 	0.89 (0.81, 0.98) 	0.020


 	MVPA intensity (10%/week) 	0.92 (0.88, 0.96) 	<0.001 	0.93 (0.88, 0.97) 	0.003 	0.92 (0.87, 0.97) 	0.004





Model 1 was adjusted for none. Model 2 was adjusted for gender, age, and race. Model 3 was adjusted for gender, age, race, education, marital status, FPL, BMI, alcohol consumption, smoking, hypertension, diabetes, UIC, sedentary time, and sleep duration.

PA, physical activity; SCH, subclinical hypothyroidism; MPA, moderate physical activity; VPA, vigorous physical activity; MVPA, moderate-to-vigorous physical activity; FPL, family income to poverty ratio; BMI, body mass index; UIC, urinary iodine concentration; CI, confidence interval; OR, odds ratio.
 

Regarding PA frequency, only VOPA frequency was significantly associated with lower odds of SCH (OR = 0.87, 95% CI: 0.79–0.96, p = 0.006) (Table 4).


TABLE 4 Relationship between the frequency of various PA and SCH, showed by weighted multivariate logistic regression.


	SCH
	Model 1
	P-value
	Model 2
	P-value
	Model 3
	P-value



	OR (95% CI)
	OR (95% CI)
	OR (95% CI)

 

 	Moderate OPA frequency (times/week) 	1.02 (0.96, 1.09) 	0.509 	1.01 (0.95, 1.08) 	0.727 	1.01 (0.94, 1.09) 	0.769


 	Vigorous OPA frequency (times/week) 	0.87 (0.79, 0.96) 	0.006 	0.87 (0.78, 0.96) 	0.008 	0.83 (0.74, 0.94) 	0.004


 	TPA frequency (times/week) 	0.98 (0.93, 1.05) 	0.700 	1.01 (0.95, 1.07) 	0.796 	1.02 (0.95, 1.09) 	0.646


 	Moderate LTPA frequency (times/week) 	1.06 (0.99, 1.14) 	0.076 	1.04 (0.97, 1.12) 	0.244 	1.01 (0.93, 1.09) 	0.870


 	Vigorous LTPA frequency (times/week) 	0.94 (0.85, 1.04) 	0.224 	0.98 (0.88, 1.08) 	0.634 	1.00 (0.89, 1.13) 	0.974


 	MVPA frequency (times/week) 	0.99 (0.96, 1.03) 	0.614 	0.99 (0.95, 1.03) 	0.533 	0.98 (0.93, 1.02) 	0.286





Model 1 was adjusted for none. Model 2 was adjusted for gender, age, and race. Model 3 was adjusted for gender, age, race, education, marital status, FPL, BMI, alcohol consumption, smoking, hypertension, diabetes, UIC, sedentary time, and sleep duration.

PA, physical activity; SCH, subclinical hypothyroidism; OPA, occupational physical activity; TPA, transportation-related physical activity; LTPA, leisure-time physical activity; MVPA, moderate-to-vigorous physical activity; FPL, family income to poverty ratio; BMI, body mass index; UIC, urinary iodine concentration; CI, confidence interval; OR, odds ratio.
 



Adjustment for confounders

To ensure robustness, further adjustments were made in Model 2 and Model 3. The significant negative associations between PA and SCH prevalence remained consistent across all models (Tables 2–4).



Non-linear relationship between MVPA intensity and SCH

A non-linear association between MVPA intensity and SCH prevalence was identified using smooth curve fitting and threshold effect analysis. A generalized additive model revealed a critical threshold for MVPA intensity at 57.14% (K = 5.714). Below this threshold (K < 5.714), a significant negative association was observed between MVPA intensity and SCH prevalence (OR = 0.82, 95% CI: 0.72–0.93, p = 0.002, per 10% increase in intensity). Conversely, above this threshold (K ≥ 5.714), the association was positive but non-significant (OR = 1.16, 95% CI: 0.93–1.45, p = 0.180, per 10% increase in intensity), with a log-likelihood ratio test value of 0.03 (Figure 2 and Table 5).

[image: Graph showing subclinical hypothyroidism decreasing with increased MVPA intensity (per 10%/week). The red curve slopes downward, indicating a negative correlation, with dotted lines marking confidence intervals. Black ticks on the x-axis represent data points.]

FIGURE 2
 The association between MVPA intensity and SCH. The solid red line represents the estimated value and the blue dashed areas indicate their corresponding 95% confidence interval. Adjustment factors included gender, age, race, education, marital status, FPL, BMI, alcohol consumption, smoking, hypertension, diabetes, UIC, sedentary time, and sleep duration.



TABLE 5 Analysis of MVPA intensity and SCH using segmented linear regression.


	Models
	OR (95% CI)
	P-value

 

 	Model 1


 	One line effect 	0.92 (0.87, 0.97) 	0.004


 	Model 2


 	Inflection point (K) 	5.714 	


 	<K 	0.82 (0.72, 0.93) 	0.002


 	>K 	1.16 (0.93, 1.45) 	0.180


 	P for log-likelihood ratio test 	 	0.030





Model 1, one-line linear regression; Model 2, two-segment regression.

Adjust for: gender, age, race, education, marital status, FPL, BMI, alcohol consumption, smoking, hypertension, diabetes, UIC, sedentary time, and sleep duration.

MVPA, moderate-to-vigorous physical activity; SCH, subclinical hypothyroidism; FPL, family income to poverty ratio; BMI, body mass index; UIC, urinary iodine concentration; CI, confidence interval; OR, odds ratio.
 



Subgroup analyses

Subgroup analyses were conducted to examine the association between PA, OPA, and SCH across different demographic and clinical strata (Figure 3). A significant interaction with age was observed in both PA (P-interaction = 0.0176) and OPA (P-interaction = 0.0262) analyses. The protective effect of higher PA and OPA was significant only in individuals aged <60 years (PA: OR = 0.82, 95% CI: 0.73–0.93; OPA: OR = 0.82, 95% CI: 0.72–0.93), whereas in those aged ≥60 years, no significant association was detected (PA: OR = 1.04, 95% CI: 0.91–1.18; OPA: OR = 1.04, 95% CI: 0.91–1.20). No significant interactions were found for gender, race, education, marital status, FPL, BMI, alcohol consumption, smoking, hypertension, or diabetes in either analysis (all P-interaction > 0.05).

[image: Forest plots labeled A and B display subgroup analyses with odds ratios (OR) and 95% confidence intervals (CI) for various demographics and health factors. Each plot presents subgroups such as age, gender, race, education, marital status, FPL, BMI, alcohol consumption, smoking, diabetes, and hypertension. OR values and confidence intervals are shown with accompanying P values for interaction. Black squares with horizontal lines represent OR and CI ranges. Data is similar across both plots, with slight variations in the OR and P values.]

FIGURE 3
 Subgroup analysis of PA (A), OPA (B) and SCH. Adjustment factors included gender, age, race, education, marital status, FPL, BMI, alcohol consumption, smoking, hypertension, diabetes, UIC, sedentary time, and sleep duration.





Discussion

The findings of this study, based on data from the NHANES 2007–2012 cycles, underscore the complex relationship between PA and SCH prevalence. Our analysis revealed that euthyroid participants exhibited significantly higher levels of total PA, OPA, VPA, MVPA, MVPA intensity, and weekly frequency of VOPA compared to those with SCH. These associations were further supported by multiple regression analyses, which demonstrated that higher VPA time, MVPA time, and MVPA intensity were significantly associated with lower odds of SCH prevalence. Importantly, these associations remained robust even after adjusting for potential confounders, suggesting that PA, particularly at higher intensities, may play a protective role against SCH development. Furthermore, subgroup analyses identified a significant interaction with age, where the protective effects of PA and OPA were significant only in individuals aged <60 years.


The protective role of OPA

Among different PA types, OPA was significantly and inversely associated with SCH prevalence, suggesting that individuals engaged in physically demanding occupations, such as construction, mining, farming, and forestry, may have a lower risk of SCH. One possible explanation is that sustained occupational exertion enhances metabolic efficiency and reduces chronic low-grade inflammation, both of which are known to influence thyroid function. Additionally, frequent engagement in VOPA exhibited a stronger protective effect, implying that consistent and high-intensity work-related PA may be more beneficial than sporadic or low-intensity activities.

The protective role of OPA in metabolic health has been observed in other disorders as well. For instance, a cohort study in a Chinese population found that higher OPA levels were associated with a reduced risk of diabetes (12). Similarly, a meta-analysis by Aune et al. (13) reported that high-intensity OPA, compared to low-intensity OPA, was associated with a 15% lower risk of developing type 2 diabetes (RR = 0.85, 95% CI: 0.79–0.92). While the relationship between OPA and SCH remains underexplored, these findings suggest that OPA may confer broad metabolic benefits that could extend to thyroid health.



Higher-intensity PA and its impact on SCH prevalence

Another key observation was that higher-intensity PA, particularly VPA, was associated with a greater reduction in SCH prevalence compared to MPA. Our findings demonstrated that each 10-h increase in VPA was associated with a 26% reduction in SCH prevalence, while MVPA time and MVPA intensity were associated with an 8.4 and 8.2% reduction, respectively. These findings reinforce the hypothesis that higher-intensity PA exerts stronger protective effects on thyroid function than lower-intensity PA. One plausible explanation is that vigorous exercise enhances mitochondrial efficiency (14), improves insulin sensitivity (15), and reduces systemic inflammation (16), all of which are implicated in thyroid dysfunction. This suggests that targeted interventions focusing on increasing PA intensity could be beneficial for individuals at risk of SCH.



Non-linear relationship between MVPA intensity and SCH

This study also identified a non-linear relationship between MVPA intensity and SCH prevalence, as revealed by smooth curve fitting analysis. A critical threshold was observed at 57.14% MVPA intensity (K = 5.714). Below this threshold, higher MVPA intensity was significantly associated with lower SCH prevalence. However, beyond this point, the relationship became non-significant, suggesting the existence of an optimal range of MVPA intensity for reducing SCH risk.

The observed non-linear association implies that while moderate increases in MVPA intensity provide substantial protective benefits against SCH, exceeding a certain intensity level may yield diminishing returns or even pose potential risks. This pattern aligns with prior research indicating the presence of an optimal “sweet spot” in PA levels, where health benefits are maximized without introducing adverse effects (17–19). For instance, excessive VPA has been linked to increased risks of musculoskeletal injuries, cardiovascular strain, and overtraining syndrome, which could paradoxically impair overall health. Therefore, while promoting increased PA, it is essential to advocate for a balanced approach that considers individual capacities, health status, and the potential risks associated with excessive intensity.



Age-related differences in the association between PA, OPA, and SCH

Subgroup analyses revealed a significant interaction between age and the associations of PA and OPA with SCH prevalence, with these associations being significant only in individuals aged <60 years. This age-related variation may be attributable to several physiological and metabolic factors. PA and OPA have been shown to reduce systemic inflammation, enhance insulin sensitivity, and modulate neuroendocrine pathways (20–25), all of which play crucial roles in thyroid homeostasis. However, in older adults, factors such as age-related metabolic decline, increased oxidative stress (26–28), and alterations in thyroid hormone metabolism may attenuate the protective effects of PA and OPA on SCH risk.

Additionally, the higher prevalence of comorbidities in older adults may introduce a more complex interplay between PA, OPA, and thyroid function, potentially diminishing the observed associations. These findings highlight the importance of considering age-specific strategies when evaluating the impact of PA and OPA on thyroid health.



Potential mechanisms linking PA to thyroid function

The PA may influence thyroid function through several biological mechanisms. First, excess body weight and obesity are known risk factors for thyroid dysfunction, and PA plays a crucial role in regulating body weight and metabolism, thereby reducing the physiological burden on the thyroid gland (7–9). Additionally, adipose tissue acts as an endocrine organ, secreting hormones such as leptin and adiponectin, which are known to influence thyroid function (29, 30). Previous research has shown that obesity is associated with increased serum leptin levels, which may disrupt hypothalamic secretion of thyrotropin-releasing hormone, leading to elevated TSH levels (31, 32). Regular PA may help modulate these endocrine signals, thereby contributing to thyroid health maintenance.

Second, PA may protect thyroid health by reducing inflammation and enhancing immune function. Chronic inflammation is a well-established contributor to thyroid diseases, particularly autoimmune thyroiditis, a leading cause of SCH. Elevated levels of inflammatory markers such as C-reactive protein and fibrinogen have been shown to exacerbate thyroid dysfunction (16, 33). PA has been demonstrated to reduce these inflammatory markers and is associated with lower white blood cell, neutrophil, and lymphocyte counts, all of which play key roles in the immune response (16, 33).

Finally, PA may enhance thyroid function by improving circulation and increasing oxygen supply. Enhanced blood flow and oxygenation of thyroid tissues promote thyroid hormone synthesis and secretion (34, 35). Improved microcirculation not only facilitates nutrient delivery but also aids in waste removal, further supporting thyroid health. However, the precise mechanisms remain to be fully elucidated, and further research is needed to investigate the effects of PA intensity and duration on thyroid blood flow and metabolism.



Clinical and public health implications

This study suggests that increased PA is associated with a lower prevalence of SCH, underscoring the potential role of PA in thyroid health. From a clinical and public health perspective, targeted screening for SCH may be particularly beneficial for individuals with lower PA levels, allowing for early detection and intervention. Furthermore, for those at higher risk of SCH, engaging in high-frequency and high-intensity OPA could serve as a potential preventive strategy. Healthcare professionals should integrate PA assessment into routine thyroid evaluations and encourage increased PA as part of preventive care strategies to support thyroid function and overall metabolic health.



Limitations

Although this study provides meaningful findings, certain limitations must be considered. First, the cross-sectional design precludes the establishment of causal relationships between PA and SCH. While our findings indicate a significant association between higher PA levels and lower SCH prevalence, we cannot definitively conclude that PA directly reduces SCH risk. Additionally, the observed association may be influenced by reverse causality—for instance, individuals with SCH-related symptoms, such as fatigue, weight gain, or decreased exercise tolerance, may be less likely to engage in PA, rather than PA actively preventing SCH. This potential bidirectional relationship underscores the need for longitudinal studies to clarify the direction of causality.

Second, the wide age range of participants may introduce potential confounding effects. This constraint is inherent to the NHANES dataset and our inclusion criteria. Although we adjusted for age as a covariate in the regression models to mitigate its impact, residual confounding factors may still exist. Additionally, while a comprehensive set of potential confounders was included in our analysis, the influence of unmeasured or unaccounted factors cannot be entirely ruled out.

Third, the exclusion of participants with zero PA represents a potential limitation. Individuals with zero reported PA were found to have significantly higher age, elevated BMI, and a greater prevalence of metabolic comorbidities (e.g., hypertension, diabetes) (Supplementary Table S1). Their lack of PA may be more reflective of underlying health conditions rather than voluntary inactivity, making it difficult to disentangle the causal relationship between PA and SCH. While excluding this group reduces potential confounding, it may also limit the generalizability of our findings to populations with very low or no PA levels. Future studies should consider alternative analytical approaches to better account for this subset of individuals.

Lastly, the relatively small sample size of participants diagnosed with SCH may limit the generalizability and robustness of our findings. Given that SCH prevalence in the dataset was only 2.5%, the statistical power to detect certain subgroup differences may be constrained. Future research with larger sample sizes and longitudinal study designs is needed to confirm these associations, further explore causality, and better understand the underlying mechanisms linking PA to SCH.




Conclusion

This study demonstrates that higher levels of PA, particularly at greater frequencies and intensities, are associated with a lower prevalence of SCH, especially in individuals aged <60 years. These findings suggest that both the duration and intensity of PA may contribute to a reduced SCH risk. However, given the cross-sectional design and the possibility of residual confounding, further longitudinal studies are needed to confirm these associations and explore the underlying mechanisms. Promoting regular, balanced PA may serve as a practical strategy for supporting thyroid health and SCH prevention.
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Control group (n = 19) Exercise group (n = 21)

Before intervention After intervention Before intervention After intervention
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*p<0.05 and **p <001, between-groups comparison at the same time; ‘p<0.05 and “p<0.01, intragroup comparison.
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#%p<0.01, between-groups comparison at the same time; p<0.05 and “p<0.01, intragroup comparison.
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EF, Exercise frequency; ED, Exercise duration; EI, Exercise intensity; TDE, The time of day of exercise; SSE, Second-hand smoke exposure; ES, Educational status; SD, Seep duration; WST,
Weekday sitting time; BMI, Body mass index (obesity); ~BMI, (non-obesity).
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CEF Exercise frequency 6 45 2
CED Exercise duration 3 2 1
CEl Exercise intensity 3 2 1
CTDE ‘The time of day of exercise 3 2 1
C:SSE Second-hand smoke exposure 2 35 4
CES Educational status 6 45 2
CsD Sleep duration 510001 480001 360001
CWST Weekday sitting time 420001 300001 120,001
OBMI Body mass index 2 2 185

C, condition; O, Outcome; EF, Exercise frequencys ED, Exercise durations I, Exercise intensitys TDE, The time of day of exercisc; SSE, Second-hand smoke exposure; ES, Educational satus;
SD, Sleep duration; WST, Weekday sitting time; BMI, Body mass index. The same anchors were used for analyzing the configurational path of non-BML.





OPS/images/fpubh-13-1533311/fpubh-13-1533311-t002.jpg
Variables Categories Sample size Percentage (%) Mean + SD
<44 664 70.3%
Age 45-59 273 28.9% 37.83410.188
260 8 0:8%
Male 499 528%
Sex /
Female 446 47.2%
Never attended school 7 07%
Literacy course 4 0.4%
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Postgraduate and above 101 10.7%
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25-28 kg/m? 311 329%
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Z, value of the Mann-Whitney U test;p, test probability indes.
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Variables Model 1 Model 2 Model 3

OR (95% ClI) p-value OR (95% ClI) p-value OR (95% CI) p-value

Ql 4,584 REF REF REF

Q 4075 0.84(0.74,094] 0.003 0.83(0.74,094] 0.003 089079, 1] 0.059
Q3 4277 0.69(0.61,0.78] <0.001 0.75 (066, 0.84) <0.001 0.84[0.74,095) 0,005
Q 4290 0.47(0.41,053] <0.001 0.57 (049,065 <0.001 0.67(0.58,0.77) <0.001
P icuns <0.001 <0.001 <0001

Data are presented as odds ratio (95% confidence interval); SD standard deviation, Q quartiles, Ref reference.

Model 1 did not adjust for confounders.

Model 2 adjusted for age, sex, residency, education level, smoking status, alcohol tatus.

Model 3 adjusted for age, sex; residency; education level, smoking status, alcohol status, daily living ability, hypertension, heart disease, depression
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Subgroup Variables OR (95% CI) p-value

Sex
Female Q 2275 088075, 1.04] 0133
e} 2379 088075, 1.05) 0.152
Q 1912 0.75(0.62,091] 0,004
Pt 0.008
Male Q@ 1800 0.91(0.75,1.09) 0.283
@ 1898 0.78 (064,095 0011
Qi 2378 0.59[0.48,0.73] <0.001
Prins <0001
Age (years)
45-59 Q 1734 0.89(072,1.1] 0277
[e5} 2092 0.76[0.62,094] 0012
Qi 2,408 0.61(0.49,0.76) <0.001
P et <0.001
60-69 Q 1459 0.83[0.69,1.01) 0,066
Q 1447 0.83[0.68,1.01] 0.063
Q4 1,447 0.62[0.49,0.77] <0.001
py— <0001
70+ Q@ 882 0.95[075,1.21) 0.68
Q@ 738 091(07,1.19) 0.487
Q 435 0.87(06,1.24] 043
Pcns 0354
Residency
Urban Q 2032 0.91(0.78,1.07) 0272
Q@ 1704 0.79[0.66,0.95) 0013
Qi 1,084 0.59[0.46,0.75) <0.001
Prins <0.001
Rural Q 2043 0.860.72,1.04] o5
Q 2573 0.87(0.73,1.04] 0139
Q4 3,206 0.72[056,086] <0.001
Pcins 0001

Data are presented as odds ratio (95% confidence interval); Q quartles; Q1 was used as the reference; model were adjusted for age,sex, residency; education level, smoking status, drinking
status, daily living ability, hypertension, heart disease, and depression.
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Factors Screen Age
£ 01 -0.1° 058
Model 1 ORr L1 091 056
95%CL 0.04~0.15 ~0.16~-0.04 ~0.71~-046
# -004 ~0.09° ~059"
Model 2 3 096 091 056
95%CL ~0.11~0.02 ~0.16~-0.03 ~0.72~-046
8 008 -0.02 -063°
Model 3 OR 108 098 053
95%CL ~002~0.18 ~0.13~009 ~0.85~-040
£ -003 -001 -063°
Model 4 OR 097 099 053
95%CL ~0.15~0.08 ~0.12~0.1 ~0.86~-040
I 0.05 —017 ~057°
Model 5 ORr 105 084 056
95%CL ~004~0.13 ~027~-008 ~076~-039
£ 0 -017° -057°
Model 6 3 1 084 056
95%CL ~009~0.09 ~026~-008 ~0.76~~038
£ 019 ~0.02 -053°
Model 7 ORr 121 098 059
95%CL 109~134 ~0.16~0.11
£ -004 -0.02 055"
Model 8 OR 096 0.98 0.58
95%CL ~1.73~0.08 ~015~0.12 ~0.82~-028

p<0.05, %p <0.01, °p<0.001
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Variables No-diabetes diabetes (n=2,223)  Total (n =17,226)

(n=15,003)

Age (years) 90,677 <0001
45-59 7,076 (47.16%) 809 (36.39%) 7,885 (45.77%)
60-69 4,997 (33.31%) 899 (40.44%) 5,896 (34.23%)
70+ 2,930 (19.53%) 515 (23.17%) 3,445 (20%)

Sex 12714 <0.001
Female 7,687 (51.24%) 1,229 (55.29%) 8,916 (51.76%)
Male 7,316 (48.76%) 994 (44.71%) 8,310 (48.24%)

Residency 94823 <0.001
Urban 5,907 (39.37%) 1,117 (50.25%) 7,024 (40.78%)
Rural 9,096 (60.63%) 1,106 (49.75%) 10,202 (59.22%)

Educational level 2373 <0001
Tliteracy 5,859 (39.05%) 832(37.43%) 6,691 (38.84%)
Primary school 4452 (29.67%) 610 (27.44%) 5,062 (29.39%)
Secondary school 2,952 (19.68%) 450 (20.24%) 3,402 (19.75%)
High school and above 1740 (11.6%) 331 (14.89%) 2071 (12.02%)

Smoking status 51495 <0.001
No 10,746 (71.63%) 1754 (78.9%) 12,500 (72.56%)
Yes 4,257 (28.37%) 469 (21.1%) 4,726 (27.44%)

Drinking status 30696 <0.001
No 9,613 (64.07%) 1,558 (70.09%) 11,171 (64.85%)
Yes 5,390 (35.93%) 665 (29.91%) 6,055 (35.15%)

Hypertension 676.085 <0.001
No 9,840 (65.59%) 820 (36.89%) 10,660 (61.88%)
Yes 5,163 (34.41%) 1,403 (63.11%) 6,566 (38.12%)

Heart disease 367.117 <0.001
No 12,424 (82.81%) 1,458 (65.59%) 13,882 (80.59%)
Yes 2,579 (17.19%) 765 (34.41%) 3,344 (19.41%)

Daily living ability 125621 <0.001
No 12,737 (84.9%) 1,678 (75.48%) 14,415 (83.68%)
Yes 226 (15.1%) 545 (24.52%) 2,811(16.32%)

Depression 24718 <0.001
No 8,900 (59.32%) 1,195 (53.76%) 10,095 (58.6%)
Yes 6,103 (40.68%) 1,028 (46.24%) 7,131 (41.4%)

Physical activity level 139468 <0.001
Q 3,823 (25.48%) 761 (34.23%) 4,584 (26.61%)
Q 3,494 (23.29%) 581(26.14%) 4,075 (23.66%)
Q 3,760 (25.06%) 517(23.26%) 4,277 (24.83%)
Q4 3,926 (26.17%) 364 (16.37%) 4,290 (24.9%)

Q quartiles; Categorical variables were presented as numbers (percentage).
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Low-SES group
Number
Overweight
Normal

Middle-SES group
Number
Overweight
Normal

High-SES group
Number
Overweight

Normal

3-year old

Girl (n=327)
18 (5.50)
309 (94.50)

Girl (n=594)
34(572)

560 (94.28)

Girl (n=276)
18(6.52)

258 (93.48)

Boy (n=365)
32(8.77)
333 (91.23)

Boy (n=640)
48 (7.50)

592(92.50)

Boy (n=296)
11(3.72)

285(96.28)

4-year old

Girl (n=702)
35 (4.99)
667 (95.01)

Girl (n=1,458)
70 (4.80)
1,388 (95.20)

Girl (n=782)
29(371)

753 (96.29)

Boy (n=860)
87(10.12)
773 (89.88)

Boy (n=1,753)
116(6.62)
1,637 (93.38)

Boy (n=856)
49(572)

807 (94.28)

year old
Girl (n=679) Boy (n=776)
44(6.48) 83 (10.70)
635 (93.52) 693 (89.30)

Girl (n=1,471)
46 (3.13)

1425 (96.87)

Girl (n=822)
25 (3.04)

797 (96.96)

Boy (n=1,631)
103 (632)

1,528 (93.68)

Boy (n=898)
50(5.57)
848 (94.43)

year old

Girl (n=460) ~ Boy (n=533)

21 (457) 45 (8.44)
439 (95.43) 488 (91.56)
Girl (n=916) | Boy (n=1,182)

18(1.97) 71(6.01)
898 (98.03) 1111 (9399)
Girl (1=577)  Boy (n=660)

13(225) 47(7.12)
564 (97.75) 613 (92.88)

Girl (n=2,232)
118(5.29)
2,114 (94.71)

Girl (n=4,543)
168 (3.70)

4,375 (96.30)

Girl (1=2,489)
85(3.42)

2,404 (96.58)

Total

Boy (n=2,601)
247 (9.50)
2354 (90.50)

Boy (n=5,327)
338 (635)
4989 (93.65)

Boy (n=2,752)
157 (5.70)
2,595 (94.30)

Total (n=4,833)
365 (7.55)
4,468 (92.45)

Total (n=9,870)
506 (5.13)
9,364 (94.87)

Total (n=5,241)
242(4.62)

4,999 (95.38)
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Low-SES g Middle-SES gr High-SES g
Time
Screen time (min) 212 024 052
Outdoor activity time (min) 332° 455° 412
Health
€HCi health dimension (score) -2.63° -185 ~0386

p<0.05,%p<0.01,°p<0.001.
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Total
Screen time
Outdoor activity time
BMI
€HCi health dimension
Age
Gender

Screen time

Outdoor activity time
BMI
€HCi health dimension
Age
Gender

Middle-SES group
Screen time
Outdoor activity time
BMI
€HCi health dimension
Age
Gender

High-SES group
Screen time
Outdoor activity time
BMI
€HCi health dimension
Age
Gender

Screen tim:

029"
0.02°
-01°
003"

~001

035"
0.02
—0.08"
0.04°

003"

029"
001
-01°

0.04°

026"
005"

-01°
001

~001

Outdoor activity tim

~0.01

0.06"
005"

004"

0.05°

0.03°

004

BMI, Body mass index; eHCi, The early human capacity index; %p<0.05, °p<0.01; “p<0.001.

BMI

-002°

~0.06"

~001

~0.08"

~004°

~0.06"

001

~005"

HCi health dimension

0.08"

002"

010"

0.03°

008"

002

0.08"

001

Age

~001

~002

~001

Gender
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Screen time

Outdoor activity time

Total eHCi health dimension -01°
Low-SES eHCi health
dimension

Middle-SES eHCi health

dimension

-01°

High-SES ¢HCi health i
dimension

0.02

0.02

0.02

0.01

R?
1409 0.06" 001
3445 006" 001
69.42 005" 001
318 005" 001

SES, Social economic status; éHCi, The Early Human Capacity Index; p<0.05, %p<0.01, °p< 0.001; the age and sex were set control variables.

8428

2584

328

1773
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Absolute VO;peak (before imputation)

Group x time 2030 0175 0119
Group 1621 0222 0.098
Time 0673 0425 0043

Absolute VO,peak (after imputation)

Group x time 1.607 0221 0.082
Group 2837 0.109 0.136
Time 0002 0969 <0.001

Relative VO,peak (before imputation)

Group x time 2029 0175 o1y
Group 4620 0.048 0235
Time 0523 0481 0.034

Relative VO,peak (after imputation)

Group x time 2416 0.137 0.118
Group. 4705 0.044 0207
Time 0.037 0.850 0.002

GLMM, general linear model repeated measure. Significant differences are marked in bold.
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Baseline Exercise intervention Post-intervention

1= DRy ! During Chemotherapy i P

f 1 I !
TnBody 4 cycles ANT chemotherapy IaBody

EGSM = EGSM
Exercise or (control)
CPET 3 days per week for 12 weeks CPET
Qs Qs
Continuous training — .
20-40 minutes per session, 50%-75% HRmax T"“"""“::“‘;:“" (e
s two days per week PPINg
exercise

4-5 sets of 1-2 minutes at 60%-90%
15-22 minutes per session, HRmax, interspersed with 3-4 sets of 3 Treadmill or stationary bike
once a week ‘minutes of slow walking or cycling

Static stretchingof major muscle
‘groups such as the upper limbs,
trunk, and lower limbs.

ity  Each stretch hold for 30 At the end of each aerobic exercise
seconds session
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Potential partcipants recruited from Sanhuan Cancer Hospital

March 2022 and January 2023
(n=44)
Randomization
(n=44)
Exercise group Control group
(m=23) (n=21)
Lost to follow-up TR —

«changed chemotherapy regimen (n = 1)
*poor treatment adherence (n = 1)

Post-intervention
assessment
(n=21)

Analyzed
(n=21)

~changed hospital (n = 2)

Post-intervention
assessment
(n=19)

Analyzed
(n=19)
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Control Exercise

group group
(n =19) (n=21)

Demographics

Age (year) 48474213 47384196 0.708
Height (m) 1612001 1592001 0105
Weight (kg) 61.48+2.13 61934174 0.867
BMI (kg/m?) 23484075 24364065 0384

Menstruation

Premenopausal 15 (79.0%) 16 (76.2%)
0835
Postmenopausal 4(21.0%) 5(23.8%)
Concomitant
Hypertension 3(15.8%) 2(9.5%) 0550
‘Type 2 Diabetes 1(53%) 1(4.8%) 0942
Hyperlipidemia 1(53%) 0(0%) 0287
Fatty liver 4(21.1%) 3(14.3%) 0574
Molecular type
Luminal A 1(53%) 0(0%) 0287
Luminal B 14.(73.7%) 13 (61.9%) 0427
Luminal B HER 2
1(53%) 4(19.0%) 0.188
(3+)
‘Triple-negative 3(15.8%) 4(19.0%) 0.787
Tumor stage
1 1(53%) 1(4.8%) 0942
n 8(42.1%) 8(38.1%) 079
m 10 (52.6%) 12.(57.1%) 0775
Chemotherapy
Neo-adjuvant
2(10.5%) 3(143%)
chemotherapy
0720
Adjuvant
17 (89.5%) 18 (85.7%)
chemotherapy
Chemotherapy protocol
AC 1(53%) 1(48%) 0942
ACT 15 (78.9%) 16.(76.2%) 0835
AT 3 (15.8%) 4(19.0%) 0787
Anthracycline dosage
4941143126 452382789 0324

(mg/m?)

BMI, body mass index; AC, anthracyclines combined with cyclophosphamide; AC-T,
anthracycline combined with cyclophosphamide, and sequential paclitaxel; AT,
anthracyclines combined with paclitaxel.





OPS/images/fpubh-12-1451101/fpubh-12-1451101-t002.jpg
Control group (n = 19) Exercise group (n = 21)

Before intervention After intervention Before intervention After intervention

Weight (kg) 61484213 61.86£2.20 61934174 61542159
BMI (kg/m?) 23482075 23.66+0.77 2436065 20204059
Skeletal muscle mass (kg) 2279061 22382059 2245060 22354054
Body fat mass (kg) 19384157 2039£157" 20394099 202040.95
Body fat percentage (%) 30.88+1.59 323121467 3256095 32534093
Visceral fat area (cm?) 93.97+9.41 101154949 98.38+5.70 97824558
Waist circumference (cm) 8245£2.21 83.58+2.27 84214183 8119+ 1.74"
Hip circumference (cm) 97.2541.26 97.661.56 97.55:1.00 9681+1.02
Waist-to-hip ratio 0.85£0.02 0.85£0.01 0.86+0.02 0.83£0.01"
Absolute VO,peak (L/min) 1.07£0.05 103004 1124005 1155004
Relative VO,peak (mL/kg/

min) 17315077 16.29+055 18.04£077 18.65+0.48%*
Handgrip strength (kg) 19224097 17.974089° 21502104 2457411255

#p<0.01, between-groups comparison at the same time; p<0.05 and “p<0.01, intragroup comparison.
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Variable

Subjective health status

Degree of stress recognition

Some 314(75.1) 193(77.8)
Much 104(24.9) 55(22.2)
Prolonged depression for 2 weeks or more

No 394(94.3) 235(94.8)
Yes 24(57) 13(5.2)
Suicidal ideation in the past year

No 409(97.8) 24(99.6)
Yes 9(2.2) 10.4)
Suicide planning in the past year

No 415(99.3) 248(100.0)
Yes 30.7) -
Suicide attempts in the past year

No 415(99.3) 248(100.0)
Yes 30.7) -

Counseling for mental-health problems in the past year

No 406(97.1) 243(98.0)
Yes 120.9) 5(20)
Total 418(100.0) 248(59.3)

P <01 *p <001, **5p <0.001.

Average

111(74.0)

39(26.0)

142(94.7)
8(5.3)

145(96.7)
5(3.3)

149(99.3)
10.7)

149(99.3)

1(0.7)

146(97.3)
42.7)

150(35.9)

10(50.0)

10(50.0)

17(85.0)
3(15.0)

17(85.0)
3(15.0)

18(90.0)
210.0)

18(90.0)
2(100)

17(85.0)
3(15.0)

20(4.8)

7.822%

3328

20.264%%%

25,9820

25,9820

11.224%%
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Variable Subjective health status

Average

Educational stage
Middle school 232(55.5) 142(57.3) 82(54.7) 8(40.0)
High school 186(44.5) 106(42.7) 68(45.3) 12(60.0) e
Sex
Male 234(56.0) 146(58.9) 77(51.3) 11(55.0)
Female 184(44.0) 102(41.1) 73(48.7) 9(45.0) He
Income quintile

21(5.0) 6(2.4) 10(6.7) 5(25.0)
Quintile 2 66(15.8) 38(153) 25(167) 315.0)
Quintile 3 115(27.5) 71(28.6) 40(267) 4(200) 21120

119(28.5) 71(28.6) 44(29.3) 4(20.0)
Quintile 5 97(23.2) 6225.1) 31206) 4(20.0)
Health insurance type
Locally provided national
el insiranee 89(21.3) 48(19.4) 35023.3) 6(30.0)
Employer-provided national 9.981%
healh i 311(74.4) 193(77.8) 107(71.3) 11(55.0)
Medical aid 18(43) 728) 8(5.4) 3(15.0)
Subjective body shape
Skinny 99(23.7) 62(25.0) 32021.3) 5(25.0)
Normal 175(41.9) 120(48.4) 51(34.0) 4(200) 18,984
Obese 144(34.4) 66(26.6) 6744.7) 11(55.0)
Degree of stress recognition
Very much 19(45) 9(3.6) 747) 3015.0)
Much 85(203) 46(18.5) 32(21.3) 7(35.0)

12563
Some 234(56.0) 140(56.5) 84(56.0) 10(50.0)
Hardly 80(19.1) 53(21.4) 27180) -
Sleep duration per week
<7h 146(34.9) 83(33.5) 55(36.7) 8(40.0)
7-8h 214(51.2) 127(51.2) 77(51.3) 10(50.0) 1406
9h or more 58(13.9) 38(15.3) 18(12.0) 2(10.0)
Frequency of breakfast consumption per week
0days 7218.1) 35(149) 36(25.0) 15.6)
1-2days 72(18.1) 38(16.2) 27(18.8) 7(38.9)
19.749+*

3-4days 78(19.6) 43(18.3) 29020.1) 6(33.3)
5 days or more 175(44.1) 119(506) 52(36.1) 4(222)
Total 418(100.0) 248(59.3) 150(35.9) 2004.8)

P <01 *p <001, **5p <0.001.
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Total participants in
KNHANES 2021
(n=7090)

Age 12-18 years
(n=427)

Excluded
Missing data for variables
(n=9)

Study population
(n=418)
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Configuration

pathway

BMI < 18.5 kg/m

BMI < 24 kg/m

BMI > 28 kg/m

Pathway A
Sex

Age (average)
Pathway B
Sex

Age (average)
Pathway C
Sex

Age (average)
Pathway D
Sex

Age (average)
Pathway E
Sex

Age (average)
Pathway F
Sex

Age (average)

5(119)
AMUE
47.25
3(17.6)
2AMIE
5
1(45)
M
3
1(4.8)
1/E
45
3(16.7)
2UM,I/E
54
/

/

/

10 (23.80)
3IM7/E
168
8(47.1)
5IM3/F
395
5(227)
2AUME
364
7(33.3)
AIME
369
9(50)
SIMA/E
05
1
1
1

21(50)
2AMI9/F
487
4(235)
2UM2IF
4425
9(40.9)
5/MA/E
393
7(333)
5/M2/F
44
5(27.8)
3IM2IE
46
1(100)
1E
32

6(143)
AMA/F
473
2018)
M
47
7(318)
5IM2/F
4
6(286)
AIM2IF
3
1(56)
1M
16
/

/

/
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Conditions Pathway A Pathway B Pathway C Pathway E Pathway F
L] L] L[] L] L]
WST L] L] L] L]
SD ® ® L] ® ®
SSE L] L] L] ®
EF L] L[] L] ®
ED L] L] L] L] L] ®
El L] L] L] L] L]
TDE ® ® L ® L
Consistency 0.82407 0.83360 0.86710 0.88236 0.81058 0.88163
Raw coverage 0.18180 015870 015324 0.14440 0.16740 012635
Unique coverage 0.05291 0.00648 0.00360 0.00580 0.04843 0.02134
Solution consistency 0.76616
Solution coverage 031278

Black circles (@) indicate the presence of a condition, and circls (@) indicate its absence. Large circl: core condition, Smallcircle: peripheral condition, blank space: do not care” condition.
ES, Educational status; WST, Weekday sitting time; SD, Sleep duration; SSE, Second-hand smoke exposure; EF, Exercise frequency; ED, Exercise duration; El, Exercise intensity; TDE, The time
of day of exercise.






OPS/images/fpubh-13-1533311/fpubh-13-1533311-t006.jpg
Model: BIM = ES, WST, SD, SSE, EF, ED, EI, TD

Frequency cutoff: 5

Consistency cutoff: 0.807547

Assumptions: EF\TDE\ES\WST (present)
Raw coverage Unique coverage Consistency

~SD*SSE*EF*ED* ~ TDE, 0.181805 0052918 0824076
ES* ~ SD*SSE*ED*EI* ~ TDE 0.158707 0.006487 0833604
ES*WST*SD*ED*EI* ~ TDE, 0.153243 0.003600 0867101
ES*WST*EF*ED*EI* ~ TDE 0.144407 0.005803 0882367
ES*WST* ~ SD*SSE*EF*ED*EL 0.167406 0048437 0810588
ES*WST* ~ SD* ~ SSE* ~ EF* ~ ED*EI* ~ TDE 0.126351 00213448 0881632

Solution coverage: 0.312787

Solution consistency: 0.766165





OPS/images/fpubh-13-1533311/fpubh-13-1533311-t005.jpg
Model: BIM = ES, WST, SD, SSE, EF, ED, EI, TDE

Frequency cutoff: 5

Consistency cutoff: 0.807547

Raw coverage Unique coverage Consistency
~TDE 0402729 040279 0646507
WST* ~ SD*SSE*EF*El 0.195341 006324 0.803012

Solution coverage: 0465978
Solution consistency: 0.647619

Explanation: “~" indicates the condition at a lower level, “*" means AND in the conditions set
ES, Educational status; WST, Weekday sitting time; SD, Sleep duration; SSE, Second-hand smoke exposure; EF, Exercise frequency; ED, Exercise duration; EI, Exercise intensity; TDE, The time
of day of exercise; ~TDE, exercising in the morning.
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Variable Model 1 Model 2 Model 3

Educational stage -0011 0851 -0013 0820 0003 0.980

Sex ~0.035 0485 0012 0815 0019 0717

Income qui 0029 0172 0027 0210 0023 0.281

Health insurance type ~0.001 0781 0,862 ~0.001 0.898
Subjective body shape recognition ~0.094 0.004 ~0.097 0,003 ~0.091 0.006
Sleep duration per week 0014 0738 0016 0695 0012 0779
Frequency of breakfast consumption per
0057 0.008 0.054 0012 0.049 0.024
week
Average daily hours spent seated 0.101 0330 0.102 0.409
Engagement in physical activities lasting 1 h
- i s 0,056 0.109 0.056 0.101
or more per day
Frequency of strength training sessions per
S © & b 0.964 0052 0.980
week
Degree of stress recognition ~0.059 0.306
Prolonged depression for 2 weeks or more 0125 0.298
Suicidal ideation in the past year ~0.405 0.046
Suicide planning in the past year ~0.153 0.666
Suicide attempts in the past year ~0.047 0.895
Counseling for mental-health problems in
—0112 0459

the past year

AdjR*=0.158, F = 2648, p = 0005 Adj R =0.176, F = 2,642, p = 0.002 Adj R*=0.198, F= 2270, p = 0.002
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Variable Subjective health status

Average

Average daily hours spent seated

<8h 64(15.3) 43(17.4) 14(9.3) 7(35.0)
9-10h 128(30.6) 73(29.4) 50(33.3) 5(25.0)
16.857*
11-12h 99(23.7) 66(26.6) 29(19.4) 4(20.0)
13 h or more 127(30.4) 66(26.6) 57(38.0) 4(20.0)
Engagement in physical activities lasting 1 h or more per day
No 264(63.2) 146(58.9) 102(68.0) 16(80.0)
Yes 154(36.8) 102(41.1) 48(32.0) 4(20.0) =
Frequency of strength training sessions per week
1day 252(60.3) 139(56.0) 99(66.0) 14(70.0)
2-3 days 89(21.3) 56(22.6) 30(20.0) 3(15.0) 5.437
4 days or more 77(18.4) 53(21.4) 21(14.0) 3(15.0)
“Total 418(100.0) 248(59.3) 150(35.9) 20(4.8)

P <01 *p <001, %5 <0.001.
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Theme

Facilitators of

medication adherence

Categories

Individual and
family factors

Organizational

support

Sub-categories

Intrinsic motivations

Disease monitoring and tracking
Constructive Role of Family

‘The constructive role of government

Constructive Role of Community
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Certainly assessment No. of patients Certainty

No. of Study Risk of bias  Inconsistency  Indirectness  Imprecision Other Experimental Control  Relative Absolute
studies  design considerations group group (95% ClI) (95% Cl)

Systolic blood pressure

SMD —0.45 lower [clee]
9 Randomized  Not serious Not serious Not serious Serious* None 289 21 - (-083lower to
~0.08 higher)

Moderate

Diastolic blood pressure
SMD ~052lower  DOBO

9 Randomized ~ Not serious Not serious Not serious Serious® None 390 364 - (~0.92lower to
Moderate
~0.12 higher)
Heart rate
SMDo.G8lower  DODO
7 Randomized |~ Not serious Not serious Not serious Serious® None 198 191 - (1.241ower 10 0.13
i Moderate
lower)

Total cholesterol
SMD-030lower  BBOO

6 Randomized  Not serious Serious® Not serious Seriousc None 27 260 - (=050 lower to
~0.10 higher)
High-density lipoprotein cholesterol
sMDO1dlower OO0

6 Randomized ~ Not serious Serious” Not serious Seriousc None 150 153 - (~0.09 lower to
0.36 higher)

Low-density lipoprotein cholesterol
SMD-021lower  @BOO

6 Randomized  Not serious Serious® Not serious Serious* None 150 153 - (=059 lower to -
w
0.18 lower)
Triglyceride
SMD -011lower OO0
3 Randomized Serious' Serious” Not serious Serious* None 77 78 - (~0.42lower to
Very low
0.21 lower)
Body mass index
SMD ~001lower OO0
6 Randomized Serious* Serious” Not serious Serious* None 28 255 - (=0.19 lower to
Very low
0.16 lower)

Cl, confidence interval; SMD, standardized mean difference.
Support for judgment: “Most studies lack blinding and allocation concealment, *Considerable heterogeneity. ‘Sample sizes < 400.
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Subcategories

Constructive role of family

Primary code

Supportive fa

‘The influence of

‘motherhood

Condensation

Following severe symptoms, the individual's encouragement of their fa

take medication and reminding them about the consequences of the llness

Children reminding and prompting timely and regular medication use, botl
person and over the phone

“The sense of maternal responsibility and concern for their children’ future

serve as strong motivations for mothers to adhere to their medication regimen.

“The arrival of a new baby and the nurturing instinct it evokes serve as

‘motivations for the mother to adhere to her medication regimen consistently.

Meaning units
“The firs

e the cardiologist diagnosed me with hypertension and prescribed medication, I experienced
dizziness and a severe headache. At the insistence of my husband and children, I took the medication, as

they emphasized the importance of taking the pill to prevent a stroke. (Participant No. 18)

My family often confronts me, asking, “Why did not you take your medicine?” My children even call to
ensure I have taken my medication, and their reminders prompt me to take them. (Participant No. 8)
feel that if anything were to happen to me, it would greatly upset my daughter. For the sake of my
children, I make a conscious effort to take my pills every day. Their hope and reliance on me give me the
strength to adhere to my medication regimen. (Participant No. 3)

Following childbirth, my blood pressure remained high, and for the well-being of my infant, I had to

continue taking my medication as my infant was breastfeeding. (Participant No. 5)
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Study Confounding  Subject Bias in Bias in Bias of
bias selection intervention  deviation from missing
bias categorization established data

intervention:
moderate

Kozey Keadle etal. (23) Moderate Moderate

Puig-Ribera etal. (27)

Moderate Moderate

Bias in
outcome
measurement

Bias in
selective
reporting

of
outcomes
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Number Gender Age Education

1 Female 66 Uliterate

2 Female 47 Secondary

3 Female 39 Diploma

4 Female 66 Uliterate

5 Female 36 Bachelor

6 Male 35 Diploma

7 Male 67 Diploma,

8 Female 58 Associate degree
9 Male 36 Diploma

10 Male 40 Diploma

n Male 9 Secondary

2 Female 44 Master of science
3 Male 47 Secondary

14 Female 51 Secondary

15 Male 72 Secondary

16 Female 62 Diploma

17 Male 70 Diploma

18 Female 64 Secondary

19 Female 3 Secondary

20 Male 85 Elementary

2 Male 62 Associate degree
2 Female 50 Associate degree
2 Male 63 Bachelor

2 Female 54 Elementary

2 Male 64 Iliterate
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Cooper etal. (24)
RCT

Loimaala et al. (19)
RCT

Jurcaetal. (22)
RCT

Duncan etal. (21)
RCT

Huetal. (25)
RCT

Abdelaal and
Mohamad (26)
RCT

Kozey Keadle etal.
©3)
4-arm intervention

study

Puig-Ribera etal. (27)
quasi-experimental

design

Lizamore et al. (28)
RCT

Hewett etal. (29)
RCT

Masroor et al. (30)
RCT

Bouaziz etal. (31)
RCT

Reljic etal. (32)
RCT

Garthwaite et al. (20)
RCT

Alzahrani etal. (33)
RCT

EG, experimental groups IG, control group; SBE, systolic blood pressure; DB, diastolic blood pressure; HR, heart rate; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholester
index; 1, Significant decline; 1, significant improvement.

Country

England

Finland

USA

Finland

China

Egypt

USA

Spain

New Zealand

Australia

India

France

Germany

Finland

Saudi Arabia

Sample size

1G:48
CGA2

1G1:26

1G2:28

1G:49
CG:39

1G:33
CG31

1G:52
G2z

1G1:20
1G2:20
CGi19

1G:16
RST:14
EX-1ST:16
CON8.

1G:129
CGi135

1G8
G

1G:29
CG34

1G:15
CG13

1G:30
€G30

1G:36
CG29

1G:33
CG31

1G:12
G2

Sex (Male, n,
%)

N/A

1G1: 26,100%
1G2: 28,100%
CG:26,100%

1G:0, 0%
€G:0,0%

N/A

1G:52,100%
CG:22,100%

N/A

N/A

1G:42,32.56%
CGi51,37.78%

1G3,37.5%

1G:6,21%
CG7,21%

1G:0, 0%
CG0,0%

1G:9,30%

CG7,23.33%

1G:19,52.78%
CG:10,34.48%

2742%

1G9, 75%
CG:10,83.33%

Age

18-64
(Range)

1G1:45.6£ 62
1G2:468 5.6
CGA70£50

1G:565 62
CG574+62

40-65
(Range)

1G32.247.2
CG3L0+75

45-60
(Range)

1G:43.9£9.7

CON:427£10.1

422 years of age

1G56.5£5.5
CG56.1+5.1

1G:38.2£10.1
CG:363+ 114

1G:39.67 £ 4.1
CG:4154£425

1G729+25
CG743+34

1G:485 £ 10.0
CGA9.0+9.9

1G747 +8.7
CG74.1+85

Intervention

1G: Brisk walking
CG: No exercise
intervention
1G1: Jogging or
walking
1G2: Jogging

CG: No exercise

interver

1G: Aerobic
exercise
CG: No exercise
intervention
1G: Increased
standing and
light-intensity
physical activity.
CG: No exercise

intervention

1G: Progressive
strength training
CG: No exercise

intervention

IG1: Circuit
weight
training program
1G2: Aerobic
training on
treadmill
CG: No exercise

intervention

1G: Treadmill
training
RST: Home, work,
and discretionary
time
strategies
EX-ST: Treadmill
training + home,
work, and
discretionary time
CON:

intervention

(0 exercise

1G: Short walks
CON: No exercise
intervention
1G: Intermittent
hypoxic exposure
CON: No exercise

intervention

1G: Yoga
CON: No exercise

intervention

1G: Combined
aerobic and
resistance exercise
training
CG: No exercise
intervention
1G: Interval
aerobic training
programs with
active recovery
bouts (IATP-R)
CG: No exercise
intervention
1G: Cycling
CG: No exercise

interven

1G: Increased

standing and

light-intensity
physical activity
CG: No exercise

interver

1G: Aerobic
activity
CG: No exercise

intervention

Intensity

Moderate intensity

1G1: moderate

intensity

Moderate intensity

N/A

N/A

1GI: moderate
intensity
1G2: moderate

intensity

N/A

N/A

N/A

N/A

Medium to high

intensity

N/A

High intensity

Moderate-to-
vigorous physical

activity

Low-to-moderate

intensity

Duration of
intervention
(week)

Duration of
single
intervention

5 days per week 6
IG1: 4-6 times/
week
20
1G2:4-6 times/
week

Average of 44 min
per session
3104 times per
week

1 h/day 2

Tiwice per week
for the first
4weeks and then
alternated between
2and 3 times
every second week
for the last

6 weeks.

3 times per week 12

1G: 5 days per
week
each exercise
session lasted for
40 min.
EX-1ST:5 days per
week
each exercise
session lasted for

40 min

N/A 19

4 times per week 1

3-5 times per
week

5 times per week 4

2 weekly sessions
95
of 30-min

“Twice per week 12

N/A 2

‘Three 45 min

sessions.

Outcome

SBPL
DBP|

HR

HR

TCl
HDL-Ct
LDL-C
HR
sBp
DBP

SBP|
DBP|

SBPL
DBP|

BMIL
SBPL
DBP|

C

HDL-C

6

BMI
sBPp
DBP

HR|
SBP

HR
sBp
DBP|
I
HDL-C
LDL-C
16
BMIL

BMI
SBPL
DBP|

C

LDL-C

HDL-Ct
BMI

SBPL
DBP|

BMI
SBPL
DBP|
TCl
LDL-CT
HDL-Ct
TG

SBPL
DBP|
HRI

Follow-
up

N/A

N/A

N/A

N/A

N/A

N/A

Yes

N/A

Yes

C, riglyceride; BMI, body mass
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Equati Effect F P B P
PR=cPL+e, < 5117 0001 0125 1054 0294
MVPA=aPL+e, a 5.141 0.001 0.115 1392 0.166
Underweight
PF=CPL+bMVPA+e, 4 4374 0.001 0.075 0.120 0.907
b 0.102 L161 0.248
PF=cPL+e, < 57.073 0.000 0.083 3.820 0.000
MVPA=aPL+e, a 29.631 0.000 0.123 5514 0.000
PF=CPL+bMVPA+e; < 47.013 0.000 0.076 3484 0.001
b 0.055 2481 0.013
Normal Effect se t P LLCI uLCI s Effect
“Total effect of X on Y 0114 0030 3820 0000 0056 0173 0083
Direct effect of X on Y 0.105 0.030 3484 0.001 0.046 0.164 0.076 92.1%
Indirect effect(s) of X on Y Effect se LLct uLCI
MVPA 0.009 0.005 0.001 0.020 7.9%
PF=cPL+e, < 26.300 0.000 0209 5.167 0.000
MVPA=aPL+e, a 11.606 0.000 0223 5242 0.000
PF=c'PL+bMVPA+e, & 21573 0.000 0.195 4.698 0.000
b 0.064 1.545 0.123
Overweight and
obese Effect se t P LLCT ULCI s Effect
Total effect of X on Y 0352 0.068 5.167 0.000 0218 0.485 0209
Direct effect of X on Y 0328 0.070 4.698 0.000 0.191 0.465 0.195
Indirect effect(s) of X on Y Effect se LLCT ULCT
MVPA 0.014 0.009 =0.002 0.033

“Control for gender, age and grade. The independent variable X had an impact on the dependent variable Y. I X affected Y by influencing variable M in addition to directly influencing Y, then
M was called the intermediate variable. This was called the mediation effec. Term ¢ represents the total effect of X on Y. Term a represents the effect of X on M, ¢ represents the ffect of X on Y
after controlling M, and b represents the effect of M on Y after controlling X.
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Overweight and

obese (528)

Category Underweight (135) Normal (1914)
PL 30394701 300427.12
MVPA 2490.70£2387.07 2212404225038

PE 65.20£10.10° 69.56£9.77°

‘Normal weight are significantly higher than those who are obese and underweight.
"Underweight students are significantly higher than obese students.

29804736
2213834214674

5947£12.35

0426

0.988

198996

0.653
0372

0.000
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Experimental Control Std. Mean Difference d. Mean Difference
Study or Subarouy Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

07 49 12 01 72 12 44%  -013(0.93,088)
Bouaziz, W 2019 0525 30 0 43 30 110% 0.00(0.51,051]
Garthwaite, T 2022 02 6 3 0 63 31 118%  -0.03(052046
Hewett, Z. L 2017 01 62 29 01 63 34 115%  -0.03(0.53,0.46] I
KozeyKeadle,§ 2014a  -08 611 16 -2 507 8 39% 0231062,1.08] e
KozeyKeadle,§ 2014b  -11 43 14 -2 507 8 37% 019068, 1.06] T
Masroor, § 2018 07 481 15 2389 13 51% 029[0.46,1.03] =
Puig-Ribera, A 2015 01 42 128 0 456 135 486%  -0.0200.26,022]
Total (95% CI) 2718 271 1000%  0.01[.0.16,0.17]
Heterogeneity. Chi*=1.17, :;, 7 (P=099) F=0% o5 5 3

Testfor overall effect

094)

Favours [experimental] Favours [control]
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MVPA

Confidence and physical competitions

Environmental interactions

Motivation

PL

50-meter sprint (measured in seconds)

Sit-and-reach flexibility test (documented in centimeters)
Standing long jump (also measured in centimeters)

Vital capacity

Pull-up (recorded as the number of repetitions performed)
1,000-meter run (recorded in seconds)

800-meter run (timed in seconds)

Sit-up test (counted in the number of repetitions completed)
PF

PF Classification

Excellent

Good

Passing

Passing

ing

All

Ratio

Pearson Chi-Square

**There is a statistically significant difference between males and females.

Boy N =909 (35.3.6%)
2708.81:+2519.26
1147£3.18
11.68:+3.00
7.98+2.01
31132775
7.94£0.85
1222£8.60
2150242455
4161.35£802.46
5364551

278.76+52.88

63.62£12.10

193
1793

583

595
314
909

34.54%

11399

Girl N=1,668 (35.

1964.852019.93++

%)

1051£2.92¢%
11232268
76541794

294046755
9.82£0.81%%

17.19£6.87%
16188+ 18.01%%

2761.89:+ 54250+

259.63437.74
33.67£7.20
69.26£10.03%*
031%
7.49%
69.58%
2262%
All
1,399 1994
269 583
1,668 2577
16.13%** 22.62%
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Experimental Control ‘Std. Mean Difference ‘Std. Mean Difference

Study or Subgroup _Mean __SD_Total Mean _SD_Total Weight IV, Fixed, 95% C1 1V, Fixed, 95% C
Gathwaite, T2022 354 7088 33 17.72 6379 31 41.3%  -021[070,028) —— @ ———
Hewelt, Z L2017  -443 7265 29 0 3634 34 406%  -0.08[057,042) —™

Reljic, D 2020 -6 5345 15 10 626 13 181% 007068,081)

Total (95% CI) 77 78 100.0%  -0.11[-0.42,0.21] -—q—-

Heterogeneity: Ch*= 0.38, df = 2 (P = 0.83); = 0%

s 05 025 0 025 05
Testfor overall effect: Z= 0.65 (P = 0.51) Favours [experimental] Favours [control]
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Boy N =909 Girl N=1,668

(35.3.6%) (35.3%)

Age (years) 2115135 2096+123
High (cm) 17665627 163.1945.63
Weigh (kg) 725841337 56594844
B (kg/m2) %2438 223428
Underweight 135 524%
Normal 1914 74.27%
Overweight and obese 528 20.49%
Grade |
1 854 33.14%

2 618 23.98%

3 656 25.46%

4 449 17.42%
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Experimental Control ‘Std. Mean Difference Std. Mean Difference
Study or Subgroup _ Mean __SD_Total Mean _SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Azahrani A A2023 46 3186 12 46 2284 12 101%  -176f273-079 —

Bouaziz, W 2019 077 3402 30 -425 3634 30 188%  010(0.41,060] =
Duncan,G.E2005 -039 3634 31 503 2822 33 192%  -0.17[066,033 e

Garthwaite, T2022 732 4139 33 1545 4291 31 192%  -019[068,030] =&

Hewett, Z L 2017 503 2822 29 -039 3634 34 191%  016F033,066] )

Reljc, D 2020 730 15 -4 3576 13 137%  -0.09}083,065 e

Total (95% CI) 150 153 100.0%  -0.21[-0.59,0.18] -

Heterogeneity: Tau= 0.14; Chi*=13.12, df= 5 (P = 0.02); F= 62% £3 + o 1 23

Testfor overall effect

=106 (P=029)

Favours [experimental] Favours [control]
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Experimental Control Std. Mean Diffe Std. Mean Difference
_Study or Subgroup ____ Mean _SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% CI
‘Alzahrani, A A 2023 06 874 12 -07 782 12 70% 0.15[0.65,0.95] /]
Bouaziz, W 2019 541 1546 30 -077 1778 30 173% 0.370.14,0.88] T
Duncan, 6. E 2005 17.01 3779 31 696 4805 33 186% 0.23}0.26,0.72) S
Garthwaite, T 2022 503 1856 33 387 1933 31 188% 0.06}0.43,0.55) T |
Hewett, Z L 2017 232 1933 29 -1.16 1392 34 184% .07 10.56,0.43] Er— —
Kozey Keadle, § 2014 01778 16 116 2019 8 61%  -051[1.37,03) ——————————
KozeyKeadle,§ 2014b  -387 2165 14 116 2818 8 57%
Reljic, D 2020 11084 15 0 14 13 82%
Total (95% CI) 180 169 100.0%  0.06[-0.16,0.27] -

A4 05 0 05 1

Heterogeneity: Chi*= 5.95, df= 7 (P = 0.55); F= 0%
60) Favours [experimental] Favours [control]

Testfor overall effect Z= 052
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Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subaroup __Mean __SD_Total Mean __SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI.
Alzahrani, A A2023 36 1005 12 02 1532 12 63%  -0.28(1.09,052

Duncan, 6. € 2005 32 891 31 -12 815 33 168%  -0.23[0.72,028 —
Hewett, Z. L 2017 A2 815 29 -32 891 34 164% 023[-0.27,0.73) N N
Jurca, R 2004 31 801 49 -02 635 39 225%  -0.39[0.82,0.03 —*
Lizamore, C.A2016 14 688 8 302 911 8 40%  -052(152,048 —
Loimaala, A 2000 b 41015 28 2 954 26 136%  -0.60(1.15-0.05 e
Loimaala, A 2020 412 28 2 954 26 138%  -0.270.82,0.27) ——r—
Masroor, § 2018 -43 897 15 29 872 13 68% -079F156-00 ———— |

Total (95% CI) 198 191 1000%  -0.30[-050,-0.10] -
Heterogeneity: Chi*=7.51, df= 7 (P= 0.38); F= 7%

05 05 1

Testfor overall effect Favours [experimental] Favours [control]

=292(P=0004)
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Experimental Control ‘Std. Mean Difference Std. Mean Differenc

—Studvor Subaroup  Mean  SD Total Mean SD Total Weiaht IV.Random,95%Cl IV. Random, 95% C1
Abdelaal A4 2014 a 56 122 20 021 154 10 46%  -425[563,-287] —
Abdelaal A4 2014 b 28 11 20 021 154 10 63%  -233}332-134
Azahrani, A A 2023 08 906 12 05 808 12 73% 95,0.66] =2
Cooper, A R 2000 18 95 48 09 809 42 83% 72,011) =+
Duncan, 6. E 2005 A8 685 31 12 795 26 88%  -008F060,044] I
Garthwaite, T 2022 2 1200 33 -4 1201 31 89% 33,066 1
Hewett, Z L2017 2 795 29 18 684 34 8% 42,058 Sl
Hu, M 2009 4 954 8 -5 8 22 73%  012069,083 5
KozeyKeadle,§ 2014a  -13 845 16 -18 876 8 70% 79,081] ==
KozeyKeadle,§ 2014b  -35 766 14 -18 876 8 69% 07,067) 3
Masroor, § 2018 72 818 15 13 553 13 7% -140[(224,-056] —
Puig-Ribera, 4 2015 418 1152 129 -22 1085 135 100% 21,027) r
Reljc, D 2020 A0 10 15 -3 854 13 75% 46,007 =
Total (95% CI) 39 364 100.0%  -052[0.92,-0.12] A d
Heterogeneity: Tau"= 0.40; Ch"= 68.35, df= 12 (P < 0.00001); F= 82% % + 5 ] +

Testfor overall effect: Z-

54

on Favours [experimental] Favours [control]
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Experimental Control ‘Std. Mean Difference Std. Mean Differenc

_Study or Subaroup ____ Mean _ SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% C1
Abdelaal A4 20143 7 18 20 026 288 10 42%  -312}426,-18] —
Abdelaal A4 2014 b -45 528 20 026 288 10 63%  -1.00(1.80,-019
Alzahrani, A A 2023 28 1173 12 01 117 12 83%  -0.24F —
Cooper, A R 2000 28 1246 48 06 897 42 98%
Duncan, 6. E 2005 02 9 3 -2 795 33 91%
Garthwaite, T 2022 52308 33 -3 2401 31 94%
Hewett, Z. L2017 21072 29 -02 9 34 80%
Hu, M 2009 51375 52 -5 954 22 90% 000050, 0.50]
Kozey Keadle, § 2014 7 996 16 -59 858 8 59% .11 £0.96,0.74]
KozeyKeadle,§ 2014b  -59 811 16 -59 858 8 59% 0.00£0.85,0.85]
Lizamore, C. A 2016 19 2029 8 76 1227 8 50%  -0.32(1.31,067]
Puig-Ribera, A 2015 31627 129 -34 173 135 114% 0.02[0.22,027)
Reljic, D 2020 412 1609 36 -1 1153 29 89%  -076(127,-0.26)
Total (95% CI) 450 382 100.0%  -0.33[-0.62,-0.05] *

Heterogeneity: Tau®= 0.17; Chi* = 40.25, df= 12 (P < 0.0001); F= 70%

Testfor overall effect: Z: 4 2

7
Favours [experimental] Favours [control]
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Web of science =27912
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Records removed before
screening:
Duplicate records removed
(n=31476 )
Records marked as ineligible
by automation tools (n =0)
Records removed for other
reasons (n =0)

]

Records screened
(n=41228)

Records excluded™
(n = 41040)

Reports sought for retrieval
(n=188)

Reports not retrieved
(n=82)

Reports assessed for eligibility
(n=106)

v

Reports excluded:
Design or outcome (n =42)
Not open access(n =37 )
Not population interest(n=12)

Studies included in review
(n=15)

Reports of included studies
(n=0)






OPS/images/fpubh-13-1470947/fpubh-13-1470947-e003.jpg
Dy = y/SDpre’ + SDpost” — 27 ¥ SDpre x SDpogt





OPS/images/fpubh-13-1470947/fpubh-13-1470947-e002.jpg
sD=VN Clhighzz Cliow





OPS/images/fpubh-13-1470947/fpubh-13-1470947-e001.jpg
MDiff =Mpost ~Mpre





OPS/images/fpubh-13-1470947/crossmark.jpg
©

2

i

|





OPS/images/cover.jpg
& frontiers | Research Topics.

Exploring the interaction
between health-promoting
and health risk behaviors
in health,

volume |l






OPS/images/fpubh-13-1470947/fpubh-13-1470947-g006.jpg
Experimental Control Std. Mean Difference Std. Mean Difference
_Study or Subgroup ____ Mean _ SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% Cl
‘Alzahrani, A A 2023 -364 44 12 66 3266 12 6%  -1.02[1.88,-0.16)

Bouaziz, W 2019 503 3871 30 155 3907 30 176%  017(0.34,067] —
Duncan, 6. E 2005 1701 3779 31 696 4805 33 187%  023(026,072 ~
Garthwate, T 2022 1228 4639 33 1546 4639 31 188% .07 (0,56, 0.42) —
Hewett, Z L2017 02997 29 193 3955 3¢ 184%  0.05[0.44,055 =
KozeyKeadle,§ 2014a 773 3436 16 116 2019 8 63%  -0.1(096,0.74] — T
KozeyKeadle,§ 2014b  -774 3436 16 116 2919 8  60% =
Reljic, D 2020 6 3 15 -8 4503 13 82%

Total (95% CI) 182 169 100.0%  -0.03[0.24,0.18] >

A4 05 0 05 1

Heterogeneity: Chi*= 8.45, df= 7 (P = 0.29); F= 17%
) Favours [experimental] Favours [control]

Testfor overall effect Z=0.28 (
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Past-year drinkers
,075

Among past-year drinkers

Among people aware of the campaign

Non-participants Participants
n=1971 n=497

At-risk drinking recognition,
(%)

High concern about health,
n (%)
High concern about (lack of)
control, n (%)
AUDIT, n (%)

Low risk

Hazardous use

Harmful use/possible

dependence
AUDIT-C: higher risk, n (%)

Bold: statistically significant.

705 (17%)

1,243 (31%)

735 (18%)

2,968 (73%)

747 (18%)

360 (9%)

928 (23%)

Unaware Aware
n=1,607 n=2468
Fiy=36222 (p <0.001)

207 (13%) 498 (20%)

Lo =0.606 (p =0.436)
479 (30%) 764 (31%)
£10=0.069 (p=0793)
293 (18%) 442 (18%)

L =5171 (p=0075)

1,202 (75%) 1,766 (72%)
273 (17%) 474 (19%)
132 (8%) 228 (9%)

#)=19.628 (p <0.001)

308 (19%) 620 (25%)

#=52.102 (p <0.001)

340 (17%) 158 (32%)
' =27.326 (p <0.001)

562 (29%) 202 (41%)
L) =39.469 (p <0.001)

305 (15%) 137 (28%)

7' =85.898 (p <0.001)

1475 (75%) 291 (59%)
364 (18%) 110 (22%)
132 (7%) 96 (19%)

Ly =0.629 (p=0.428)

502 (25%) 118 (24%)
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Among past-year  Among people Among participants

drinkers aware of the
campaign
Past-year Aware of the Participants Aim for Registration
drinkers campaign n =497 (20%) reduction n=102 (21%)
N=4,075 n=2,468 (61%) n =95 (19%)

Gender, n (%) L =0741 (p=0.389) L =1633 (p=0201) Fin=1369 (p=0242) Fin=0027 (p=0.869)
Men n=2050 1,255 (61%) 240 (19%) 51(21%) 50 (21%)
Women n=2025 1,213 (60%) 257 (21%) 44 (17%) 52 (20%)

Age.n (%) 795 (p=0150) £’ =51053(p<0.001)  Fu=1612(p 4,305 (p <0.001)
18-34 n=959 584 (61%) 172 (29%) 38 (22%) 51(30%)
35-54 n=1384 863 (62%) 176 (20%) 32(18%) 31(18%)
55+ n=1732 1,021 (59%) 149 (15%) 25 (17%) 20 (13%)

High occupational status, n (%) 2 =6577 (p <0.001) 874 (p=0.350) L =259 (p =0.294 (p =0.588)
Yes n=518 398 (77%) 87(22%) 22 (25%) 16.(18%)

No n=3557 2,070 (58%) 410 (20%) 73 (18%) 86 (21%)

Region, n (%) 70 =13.46 (p =0.009) 8437 (p=0.077) L0 =0.608 (p=0962) L =17.58 (p =0.001)
IDF n=710 461 (65%) 103 (22%) 20 (19%) 34 (33%)
North East n=952 554 (58%) 128 (23%) 26 (20%) 22 (17%)

North West n=829 525 (63%) 103 (20%) 17 (17%) 13 (13%)
South East n=825 478 (58%) 82 (17%) 16 (20%) 21 (26%)
South West n=759 450 (59%) 81(18%) 16 (20%) 12 (15%)

fle-de-France (the Parisian region).
Bold: statstically ignificant. NB: % are presented by rows (i, by demographic group). For example, among 2,050 male drinkers, 1255 (61%) were aware of the campaign (2* column).
Among them, 240 (19%) were participants (3" column).
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Kappa SD z p-value 95% ClI

Entry into water* 0.628 0046 13688 <0.0001 0625-0.631
Swim on front* 0.982 0040 24791 <0.0001 0980-0.985
Float/rest* 0855 0045 19.160 <0.0001 0852-0.858
Surface dive* 0951 0055 17283 <0.0001 0947-0.954
Swim on back® 0918 0043 21425 <0.0001 0915-0.920
rotation® 0.616 0040 15310 <0.0001 0614-0619
Exit water® 0.894 0062 14363 <0.0001 0.890-0.898
Totals* 0.542 0017 32827 <0.0001 0541-0.543

“Entry into Water: Assess the ability to enter the water with a complete submersion, followed by a controlled resurfacing and proper orientation; Surface Dive: Assess the ability to
the surface to the pool floor, rtrieve an object (such as a diving ring), and resurface, testing depth and pressure adaptation; Rotation: Test the subject’ rotation abilty in 3 directions
(horizontal axis, vertical axis,sagittal axis); wim on Front: Evaluate the capabilty to level off the body and achieve continuous progression through effective propulsion while swimming on
the front; Exit Water: Test the ability t0 exit deep water and simulate climbing onto a dock or other elevated surfaces without the use of feet, ensuring safety and self-asistance in exiting the
pool; Swim on Back: Evaluate the skill to level off and maintain continuous progression through propulsion while swimming on the back; Float: Measure the skill of floating to rest and
conserve energy, optimizing buoyancy and relaxation.
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Indicator Factor loading  Factor loading Cr.Alpha  Swimming coherent  Swimming stable

(EFA) (CFA) motion posture
Entry into water 0821 0710 0.866 0569 0840 JAVE =0754
Surface dive 0.885 0.862
Swimming coherent
rotation 0.548 0.671
motion
Swim on front 0816 0.881
Exit water 0.494 0610
Swimming stable Swim on back 0976 0.929
s 0835 079 0827 R=0.594* JAVE
posture Float 0723 0.758
Total score 0856 0.955% 0.757%%

p<0.05, **P<0.01. “Entry into Water: Assess the abilty to enter the water with a complete submersion, followed by a controlled resurfacing and proper orientation; Surface Dive: Assess the abilty to dive from the surface to the pool floor, retrieve an object (such as a
diving ring), and resurface, testing depth and pressure adaptation; Rotation: Test the subject’s rotation ability in 3 directions (horizontal axi, vertical axis, sagittal xis); Swim on Front: Evaluate the capabiliy to level offthe body and achieve continuous progression
through effective propulsion while swimming on the front; Exit Water: Test the ability to exit deep water and simulate climbing onto a dock or other elevated surfaces without the use of feet, ensuring safety and self-assistance in exiting the pool; Swim on Back: Evaluate
the skill to level off and maintain continuous progression through propulsion while swimming on the back; Float: Measure the skill of floating to rest and conserve energy, optimizing buoyancy and relaxation.
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Aquatic skill

Entry into water

Swim on front

Surface dive

Rotation

Exit water

Float

Swim on back,

score

4

3

Descriptit

Standing entry into deep water, with the body fully submerged and then resurfacing
Squatting at the pool edge or sitting at the pool edge to enter deep water, with the body fully submerged and then resurfacing

Entering deep water from a standing or sitting position at the pool edge, with the body partially or fully submerged, requiring the

grasp of the pool edge or a fixed object like a lane divider to resurface

Unable to enter deep water independently, or entering by holding onto a ladder
Swim continuously for 100m or more

Swim continuously for 50-99m

Swim continuously for 25-49m

Swim continuously for 0-24m

Complete a dive in one attempt

Attempt to complete a dive in two

Attempt to complete a dive three times or more
Unable to complete a dive

Complete three types of rotations:

1. Rotation around the horizontal axis 2. Rotation around the vertical axis 3. Rotation around the sagittal axis.

Complete two out of the three types of rotations:
1. Rotation around the horizontal axis 2. Rotation around the vertical axis 3. Rotation around the sagittal axis

Complete one out of the three types of rotations:

1. Rotation around the horizontal axis 2. Rotation around the vertical axis 3. Rotation around the sagittal axis
Unable to complete body rotation

Pulling oneself up onto a surface 30 cm high
Complete a surface lft exit in one attempt
Surface lift exit with two or more attempts
Exiting the water using a ladder

Float for 5 min

Float for 3 min

Float for 1 min

Float for less than 1 min

Swim continuously for 100m or more

Swim continuously for 50-99 m

Swim continuously for 25-49 m

Swim continuously for 0-24m
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Sex Age/Years ght/CM Weight/KG
Male 92 20.48+0.51 182.1746.67 75.43£8.63

Female 68 20.6540.70 169.6546.27 59714838
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Variable Frequency (n)  Constituent ratio MSPSS SKQ (M +SD) HBS (M + SD) HBS-SP

(%) (M +SD) (M +SD)
Age (years)
<40 60 625 59.07£15.49 26281068 160.52+34.16 2404048
40-60 291 3031 6098 £14.00 27.09£9.33 161.07£33.09 2484040
>60 609 63.44 603121341 2644989 155,83 £34.85 247041
P 0556 0529 2520 0765
» 0574 0589 0.081 0.466
Gender
Male 672 70.00 5946+ 13.84 2639£9.80 157.32435.09 2445041
Female 288 30.00 6272+13.18 27.09£9.69 1583243255 2524039
' ~3395 -1.028 ~0534 -2720
» 0.001%% 0304 0593 0.007+%
Education
literate/
P 190 19.79 608241327 269241012 156.78+38.49 246£041
Middle school 347 3615 60.00+13.58 268749.66 158.86+33.26 2474041
High school 178 18.54 604241531 265049.97 158.10+32.68 249040
Bachelor or above 25 2552 607741310 26044953 1565143376 2452042
F 0213 0.428 0.283 0276
» 0.888 0733 0837 0843
Marriage status
Married 907 9148 60621360 266649.75 1579543408 2474041
Divorced n 115 589141646 282749.98 159.09+48.27 243£0.29
Single 20 208 54101595 28551112 148.25442.77 227413.08
Widowed 2 229 591441462 265949.22 155.73429.83 2462041
F 1592 1103 0550 1674
I3 0190 0347 0.648 0171
Hypertension
Yes 665 67.29 609+13.69 266749.74 1578243489 249040
No 295 3073 593921376 2645986 157.46+33.11 2412042
' 1577 0320 0149 2828
» 0115 0749 0.881 0,005+
Dyslipidemia
Yes 4 4281 610221357 2691£9.60 162:89+33.50 2524041
No 519 57.19 60.00+13.83 263749.89 1538343448 243040
' —L143 ~0.854 ~4076 ~3.634
» 0253 0394 0.000 0.000
Diabetes
Yes a1 1594 609141363 268649.54 157.65434.09 2504040
No 519 5406 6003+ 13.80 263849.96 1577643458 2442042
' 0993 0768 ~0.049 2048
» 0321 0443 0.961 0.041%
Obese or overweight
Yes a2 4406 611521354 261741021 157.24433.94 246+042
No 537 5594 598741385 2693:49.40 1580843468 2484040
' ~1432 1200 0373 0774
» 0.152 0.230 0.709 0439
Current smoking
Yes 164 4833 601141407 265649.97 1587943403 2442041
No 496 5167 60741339 266349.59 156.70+34.63 249£041
' 0713 0.105 ~0940 2002
» 0476 0916 0347 0.046%
Physical inactivity
Yes 474 1938 600841354 26184975 1559143374 2424039
No 486 50.63 6078+13.90 27014975 159.46:+34.86 251043
' 0799 1309 1603 3196
» 0.424 0.191 0.109 0.001+
Atrial ibrillation
Yes 124 1292 636741479 267349.89 166.44+32.70 259039
No 836 87.08 599541350 265849.76 156.41£34.41 2454041
' ~2820 ~0.153 0.084 -3616
» 0,005+ 0878 0,002+ <0.001
Family history of stroke
Yes 157 1635 594141323 27234921 157.46433.07 246£041
No 803 83.65 606341381 264849.87 157.76:+34.60 2474041
' 1019 ~0.884 0.097 0396
I3 0309 0377 0922 0.692

M, mean; SD, standard deviation; 1, values of t-test; , values of ANOVA; MSPSS, Multidimensional Scale of Perceived Social Support; SKQ, Stroke Knowledge Questionnaire; HBS, Health
Beliefs Scale; HBS-SP, Health behavior scale for stroke patients. *p <0.05*p <0.01;%*p < 0.001. Bold values means p<0.05.
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C-reactive protein (mg/d

<600 MET-minutes/week 0.50(0.43,057)
2600 MET-minutes/week 0.38(0.32,044)
Sedentary behavior

0~ <4hiday 0.35(031,0.39)
4~ <6h/day 0.40(0.33,0.47)
6~ 8h/day 0.5100.41,061)
>8 hiday 0.52(0.44,0.59)

For continuous variables: survey-weighted mean (95% CI), P-value was by survey-weighted
linear regression.
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Adjusted OR (95% Cl), P-valu

Physical activity
Linear regression model 1.000(1.000,1.000),0.0037

Two-segment piecewise linear regression model

Inflection point (K) 430
<K 0.999(0.998,0.999),0.0001
2K 1.000(1.000,1.000),0.2999
Log-likelihood ratio <0.001

Sedentary behavior
Linear regression model 1.002(1.001,1.002),<0.0001

Two-segment piecewise linear regression model

Inflection point (K) 90

ES 0.999(0.984,1.014),0.8921
2K 1.002(1.001,1.002),<0.0001
Loglikelihood ratio 0735

Adjusted for gender, age, race, education, marital status, smoking status, drinking status,
hypertension, diabetes, body mass index, and poverty income ratio.
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Crude model Model 1 Model 2

Sedentary OR (95% CI) P-value OR (95% ClI) P-value OR (95% ClI) P-value

behavior

Continuous 1.002(1.001,1.002) <0.001 1.002(1.001,1.003) <0001 1.002(1.001,1.003) <0001

0~ <4 hiday Reference Reference Reference

4~ <6 hiday 1378(0.863,2.198) 0.189 1.346(0.837,2.166) 0233 1.275(0.798,2.035) 0327

6~ 8h/day 1.602(0.931,2758) 0.100 1422(0.807,2.506) 0.235 1.415(0.786,2.035) 0.267

>8 hiday 2,549(1.517,4.284) 0.001 2615(1.527,4.480) 0,002 2,602(1,557,4.348) 0,003
OR, odds ratio; CI, confidence intervals.

Crude model was unadjusted.
Model 1 is adjusted for gender, age, and race.
Model 2 was adjusted for gender, age, race, education, marital status, smoking status, drinking status, hypertension, diabetes, body mass index, and poverty income ratio.
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Crude model

Physical OR (95% CI) P-value
activity
Continuous 1.000(1.000,1.000) 0.002
<600 MET-minutes/
Reference

week
2600 MET-minutes/

0.486(0.360,0.655) <0.001
week

OR, odds ratio; CI, confidence intervals.

Crude model was unadjusted.
Model 1 is adjusted for gender, age, and race.

Model 1
OR (95% CI) P-value
1.000(1.000,1.000) 0.002
Reference
0.548(0.413,0.727) <0.001

Model 2

OR (95% CI) P-value

1.000(1.000,1.000) 0006
Reference

0.622(0.443,0.875) 0009

Model 2 was adjusted for gender, age, race, education, marital status, smoking status, drinking status, hypertension, diabetes, body mass index, and poverty income ratio.
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Variable Total Non-stroke Stroke P-value
N(%) 3010(100) 2,766(92.47) 244(7.53)
Age (years) 69.80(69.41,70.20) 69.54(69.22,69.86) 73.02(71.46,74.59) <0.0001
Gender, % 06772
Male 1,513(45.67) 1,383(45.84) 130(43.54)
Female 1,497(54.33) 1,383(54.16) 114(54.46)
Race, % 0.1347
Mexican American 388(4.04) 367(4.14) 21(286)
Other Hispanic 253(2:54) 239(259) 14(1.93)
Non-Hispanic White 1751(81.94) 1,603(82.17) 148(79.04)
Non-Hispanic Black 531(7.95) 479(7.76) 52(10.29)
Other Races 87(353) 78(334) 9(5.87)
Education, % 00151
<High school 1,008(23.25) 914(22.67) 94(30.44)
High school 727(26.09) 664(25.80) 63(29.65)
>High school 1,275(50.66) 1,188(51.53) 87(39.91)
Marital status, % 00612
Not living alone 1816(65.19) 1,677(65.76) 139(58.15)
Living alone 1,194(34.81) 1,089(34.24) 105(41.85)
Smoking status, % 0.4787
Smoker 1,563(51.29) 1417(51.07) 146(53.92)
Never smoker 1,447(48.71) 1,349(48.93) 98(46.08)
Drinking status, % 0.1085
Yes 1930(66.35) 579(17.54) 85(31.50)
No 1,080(33.65) 2,187(82.46) 159(68.50)
Hypertension, % <0.0001
Yes 1816(58.22) 1,614(56.34) 202(8134)
No 1,194(41.78) 1,152(43.66) 42(18.66)
Diabetes, %
Yes 664(18.59) 579(17.54) 85(31.50) <0.0001
No 2,346(81.41) 2,187(82.46) 159(68.50)
Poverty income ratio 3012:903.12) 3.05(2.94,3.15) 256(233,279) <0.0001
Body mass index 29.04(28.74,29.34) 29.04(28.73,29.36) 29.06(28.13,29.99) 09646
Creactive protein (mg/dL) 0.44(0.40,0.48) 0.42(0.39,0.45) 0.69(0.46,0.92) 00234
Physical activity (MET-minutes/week) 1963.22(1727.17,2199.28) 2050.39(1810.15,2290.64) 893.03(607.21,1178.86) <0.0001
Sedentary time (minutes) 352.00(339.58,364.41) 346.81(333.96,359.67) 415.66(381.21,450.11) 0.0006
Physical activity, % <0.0001
<600 MET-minutes/sweek 1,651(51.46) 1477(50.15) 174(67.44)
2600 MET-minutes/week 1,359(48.54) 1,289(49.85) 70(3256)
Sedentary behavior, % 0.0001
0~ <4 hiday 908(25.01) 861(25.78) 47015.60)
4~ <6h/day 813(27.27) 758(27.62) 55(23.02)
6~8hiday 530(18.30) 479(18.34) 5107.78)
>8 hiday 759(29.42) 668(28.27) 91(43.60)

For continuous variables: mean + SD, P-value was by survey-weighted linear regression; for categorical variables: N-observe (%), P-value was by survey-weighted Chi-square test.
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Variables Sample Percentages rban population Rural populati
Age
Young adults (18 to
Soyean) 17 10.90% 577% 513%
Middle-aged adults (40 to
Syean 36 23,08% 12,18% 10,90%
Mature adults (> 50 years) 103 6603% 35,26% 3077%
Sexat birth
Male 70 4487% 25,00% 19.87%
Femenino 86 55,13% 2821% 2692%
Level of education

out studies and
e 6 385% 256% 1,28%
Elementary School 23 1795% 769% 10.26%
High School 7 4808% 2821% 19,87%
University / Superior 47 30,13% 14.74% 15,38%
Monthly household income level
No answer 7 449% 0,64% 385%
Less than 500€ 2 1,28% 0,64% 0,64%
From 501 to 1,500€ s 27,56% 1474% 12,820
From 1,501 t0 5,000€ 9% 61,54% 35,26% 26,28%
More than 5,000 8 513% 1.92% 321%
Health status
Excellent 2 16,03% 1154% 449%
Very good 3 21,15% 13,46% 7,69%
Good 56 35,90% 14.74% 21,15%
Regular 2 18,59% 769% 10,90%
Bad 13 833% 577% 256%

*Without studies and others* only 1 participant in the sample did not know how to read or write, but this did not represent a problem for participating in the focus group.
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COM-B topics
CAPABILITY

According to the capability-opportunity-mot
behavior (COM-B) system, capabil

jon-

a person that, together with opportunity, makes

possible or facilitates a behavior.

OPPORTUNITY

According to the capability-opportunity-motivation-

behavior (COM-B) system, opportunity is an attribute
of an environmental system that, together with

capability, makes possible or faciltates a behavior.

MOTIVATION
Based on the capability-opportunity-motivation-
behavior (COM-B) system, motivation is a set of

mental processes that energize and direct behavior.

isan attribute of

Categories

PSYCHOLOGICAL CAPACITY
‘The Mental and Emotional Adjustment to Achieving
Self-Management and Psychological Resilience.

Refers to the psychological abiity to participate in activities
from a mental perspective. It reflects participants'ability to
adopt health behaviors, such as internal struggle in the face

of change and management of ambivalence.

PHYSICAL CAPACITY

Between Movement and Limitations:
Contrasting voices in different Realities.

Involves the physical and musculoskeletal abilities necessary
to engage in health behaviors and conduct such as balance,
dexterity, and autonomous mobility. It reflects the
difficulties faced by some participants who can fully enjoy
good physical capacity for the acquisition of behaviors.
PHYSICAL OPPORTUNITY

Addressing the Challenges of Accessibility to Resources
for Maintaining Health.

Related to environmental factors that influence behavior,
such as financial resources, access to health services, and the
immediate physical conditions of the participants.
SOCIAL OPPORTUNITY

Balancing Social and Personal Dynamics:

A Reflection on Health and Relationships.

Involves social factors that affect behavior, such as cultural
norms, social influences, and peer pressures. Connected to
the sexual division of labor in terms of gender roles and the
influence of interpersonal relationships on participants’
health decisions and the implementation of healthy
behaviors.

REFLECTIVE MOTIVATION

Adaptation to Iliness and Conscious and Planned
Self-Care.

It entails processes of conscious thinking, conscious
decision-making, and advance planning by participants in
the proper use of information and health literacy.
AUTOMATIC MOTIVATION

Instinctive Impulses and Habits:

Personal Aptitudes and Desires for Individual Balance.
It refers to habitual, instinctive, and affective processes,
including the desires and habits of participants. Besides the

influence of other people on their health decisions.

Most relev:

codes

Stress and Ansiety:
Self-determination and Willingness.
Self-efficiency.

Mental resources.

Depression.

Confusion and dissonance.
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Sportactivities.
Mobility limitation.
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Lack of inancial resources.
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Variables Categories Latrine utilization COR (95%Cl) AOR (95%Cl)

Yes (%) No (%)

Sex of household head Male 396(67.6) 193(32.4) 11(0.65,1.79) 11(044,1.3)
Educational status Female 50(65.8) 26(34.2) 1 1
Attend formal education 134(82.2) 29(17.8) 28(1.784.29) 2.01(1.01,2.08) *
Notattend 314(62.6) 188(37.4) 1 1
Family size < Smember 289(74.7) 98(25.3) 22(1593.07) 107(0532.18)
25 member 159(57.2) 119(42.8) 1 1
Occupational status Farmer 355(66.2) 181(33.8) 12(0.73,1.79) 11(070,211)
Housewife 27(81.8) 6(18.2) 11(0.68,1.31) 11(058,1.93)
Other 66(68.7) 30(31.3) 1 1
Wealth index Rich 44(86.6) 8(13.4) 27(1593.07) 23(123.3.58)*
Medium 131(67.5) 63(32.5) 12(081,1.56) 11(077,222)
Poor 271(64.6) 148(35.4) 1
Perceived susceptibility High 405(69) 182(31) 18(1.12,292) 3.2(1.265.14) *
Low 43(55.1) 35(44.6) 1 1
Perceived severity High 392(69.8) 170(30.2) 19(1.26,297) 1.35(0.74,2.46)
Attitude Low 56(54.4) 47(45.6) 1 1
Positive 315(74.8) 106(25.2) 25(1.78347) 1.7(0.94,2.94)
Negative 133(54.5) 111(45.5) 1 1
Descriptive norm High 357(77.6) 103(22.4) 43(3.05,6.18) 1.04(0:61,1.79)
Low 91(44.4) 114(55.6) 1 )
Injective Norm High 360(77.1) 107(22.5) 14(3.08624) 19(1.13,3.18) *
Low 89(44.1) 113(55.9) 1 1
Perceived ability High 359(77.5) 104(18.7) 33(233,477) 1.9(1.04,3.79) *
Low 213(56.6) 163(43.4) 1 1
Social identity High 201(68.8) 91(31.2) 11(081,1.56) 12(063,233)
Low 247(66.2) 126(33.8) 1 1
Social dilemma High 337(71.8) 132(28.2) 2001.38277) 12(052,262)
Low 111(56.6) 85(43.4) 1 1

#p < 0.05. HH, Households, AOR adjusted odds ratio, CI confidence interval, COR crude odds ratio, CLTSH community ld total sa

ion. Bold values *means significanty associated at p < 0.05.
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Factors Items Responses Categories

Low High

Perceive How high /low are the chances that you contract diarrheal 19 49 10 505 82 76 589
susceptibility  disease when defecating in the open field @9%) | (74%) | (L5%) | (759%)  (123%)  (114%) | (88.6%)

Perceive severity If you have diarrheal disease because of open defecation, how 27 35 39 419 145 103 562
severely would that impact your life? @I%) | (53%) | (G9%) | (631%)  (18%)  (155%) | (84.5%)

Aitude 1 How much beneficial/important it is to defecate using latrine 2 80 2% a7 120 207 458
regularly (3%) | (12%) | (9% (627%)  (181%)  (GLI%) | (68.9%)

2 How much do you like to use latrine? 38 1y 30 360 ns

(57%) | (7.9%)  (45%)  (541%)  (17.7%)

3 How much do you do you enjoy defecating in latrine? 57 135 2 362 7
(8.6%) (29.3%) (4.8%) (54.4%) (11.9%)

Descriptive 1 Most of the people T know in the community defecate using 74 70 2 320 178 205 460
norm latrine regularly (L1%) | (105%) | (35%)  (8.1%) (2685  (308%) | (69.2%)
2 Many of your neighbors use latrine for defecation 83 70 2 288 196

(125%) | (105%) | (42%) = (433%)  (29.5%)

3 Using latrine regularly is the right thing to do because: 88 78 2 320 156
everybody does so 132%) | (1L7%) | (5% (49.0%)  (235%)
Injunctive 1 People who are important to you approve /disapprove that 80 8 36 291 175 198 467
norm you use latrine 2%) | (25%) | (54%)  (438%)  (263%)  (98%) | (70.2%)
2 Defecating using latrine regularly is something that most of the | 104 61 2 309 165
people in my village think (56%) | (92%) | (39%) | (465%)  (248%)
3 People in my village will judge me if I defecate in the open field 35 76 77 282 195

(53%) | (114%) | (16%)  (424%)  (293%)
Ability 1| Youare confident in your ability to use latrine regularly 78 7 35 298 182 202 463
(109%) | (1L6%) | (53%)  (448%)  (274%)  (304%) | (69.6%)

2 Youare confident that you can maintain your latrine if broken 80 61 k% 285 215
12%) | (92%) | (6%) | (429%)  (323%)

3 Youare confident in your ability to restart using latrine for 124 47 44 294 156
defecation even after it was broken for several weeks” (86%) (1% | (66%) | (42%)  (235%)
Social identity T havea lot in common with other community members in 66 138 35 281 145 11 ren
terms of latrine utilization ©9%) | (08%) | (53%)  (23%)  (L8%)  (362%) | (638%)
Social dilemma  Community in your village is intensely working together in 76 69 29 320 7 172 493

improving local sanitation in latrine utilization (1L4%) | (104%) | (44%) | (481%) = (107%) = (258%) | (74.2%)

= Very low/completely disagree 2 = Low/Disagree 3 = Neither 4 = High/ Agree 5 = Very High/Completely Agree.
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haracteristics N = 665

Frequency Percent (%)

Sex of HH head male 589 886
Female 76 14
Agelyear) 18-29 . 192 289
30-39 s 219 329
40-49 yrs. 164 247
50-59 yrs. & 95
>60yrs. 27 41
Maritalstatus | Married 601 908
Never married 17 26
widowed 3 35
divorced 2 32
Educational No formal 502 755
status education s 177
Primary (1-8) £ 5
secondary 12 18
(9-12)
college & above
Occupation Farmer 578 869
status Govtemploy 31 47
Non gov't 30 45
employed 39
Other
Family size <5 members 387 582
>5 member 278 a8
Wealthindex ~ poor 419 6.1
Medium 194 22
High 52 78

HH, household.
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Factors Responses

Risk perception

Susceptibility 1. How high /low are the chances that you contract diarrheal disease when defecating in |~ Five-point scale, that ranges from almost ~~ 1-5
Severity the open field? Very low, to Very high for each question
2.1f you have diarrheal disease because of open defecation, how severely would that

impact your life?

Attitude 1.How much beneficial/important it i to defecate using ltrine regularly Five-point scale, that ranges from almost |~ 1-5
2. How much do you like to use latrine? Very low, to Very
3. How much do you do you enjoy defecating in latrine? high for each question

Descriptive norm 1.Most of the people I know in the community defecate using latrine regularly Five-point scale for each question

perception 2. Many of your neighbors use latrine for defecation

3.Using latrine regularly is the right thing to do because everybody does so

Injective norm Lpeople who are important to you approve /disapprove that you use latrine Five-point scale, that ranges from 1-5
perception 2. Defecating using latrine regularly is something that most of the people in my village  completely disagree to completely agree
think for cach question

3.People in my village will judge me if I defecate in the open feld

Ability 1.You are confident in your ability to use latrine regularly Five-point scale 1-5
2.You are confident that you can maintain your latrine if broken
3. You are confident in your ability to restart using the latrine for defecation even afier it
was broken for several weeks.”
Social identity Ihave a lot in common with other community members in terms of latrine utilization  Five-point scale, that ranges from 15
completely disagree to completely agree
Social dilemma Community in your village is intensely working together in improving local sanitation Five-point scale, that ranges from 1-5

completely disagree to completely agree
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24 Rural Kebeles of Lomabosa district

Simple random sampling
v
Kebele 1 Kebele 2 Kebele 3 Rebeisld et o—
ebele
Total HH=390 | Total HH=440 | Total HH=350 | yo.s) Total HH=413 | Total
Hu=40 HH=485

Proporfional allocation of sathple size |

v 3 %

Kebele 1 Kebele 2 Kebele 3 Kebele 4 Kebeles | Kebele 6
Sampled Sampled s:

~ Saiipléd ampled

Sampled HH=112 | yy=127 HH=102 Sampled HH=93 H“l_';'z pl ‘e 4 HH=134

\ y A

Systematic sampling |

Total Sample (n)

=682 HHs
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Reduction Registration

95% CIJ* p-value OR [95% CII* p-value

Gender (ref: men)
Women 0.76 [0.48-1.22] 0252 1.02(0.64-1.63] 0.941

Age (ref: 35-54)

18-34 1.39 [0.80-2.40] 0.242 1.83 [1.08-3.10] 0.026
55+ 0.96[0.53-1.74] 0.8 0,66 (035-1.25) 0204
High occupational status (ref: no) 1.64 [0.92-2.93] 0.093 0.72[0.38-1.36] 0314

Region (ref: IDF")

North East 131 (0.66-2.61] 0436 0.41(0.21-0.78] 0.007
North West 0.96 [0.46-1.99] 0905 0.28 (0.13-0.58] <0.001
South East 1.14[0.54-2.40] 0738 0.69[0.35-1.33] 0.266
South West 109 [0.52-2.29] 0826 0.3 [0.15-0.70] 0.004
Atrisk drinking recognition (ref: no) 3.96 [2.44-6.44] <0.001 8.74 [5.18-14.6] <0.001
High concern about health (ref: low) 1.54[097-2.44] 0.067 169 [1.07-2.68] 0.026
High concern about control (ref: low) 213 (131-3.47) 0.002 5.14 [3.15-8.40] <0.001

AUDIT (ref: low risk)
Hazardous use 4.00 2.19-7.32] <0.001 5.73 [2.89-11.4] <0.001
Harmful use/possible dependence 5.26(2.81-9.84] <0.001 210 (105-417] <0.001
AUDIT-C (ref: low risk)

Higher ri

2.56 [1.56-4.21] <0.001 2.65 [1.62-4.33] <0.001

“Adjusted for other demographics. Alcohol measures were adjusted for all demographic factors (sex, age, occupational category, and region).
Tle-de-France (the Parisian region).
Bold: statistically significant. OR, Odds ratio. CI, Confidence intervals.
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Atrisk drinking
recognition, n (%)

High concern about
health, n (%)

High concern about
(lack of) control, n (%)
AUDIT, n (%)

Low risk

Hazardous use

Harmiful use/

possible dependence

AUDIT-C: higher risk,
n (%)

Registration, n (%)

Goal: reduction, n (%)

Bold: statistically significant.

158 (32%)

202 (41%)

137 (28%)

291 (59%)

110 (22%)

96 (19%)

118 (24%)

102 (21%)

95 (19%)

Abstinence

7' =36.908 (p <0.001)

103 (26%) 55 (58%)
L =4755 (p=0.029)

154 (38%) 48 (51%)
L =12436 (p <0.001)

97 (24%) 40 (42%)

e =36.134 (p <0.001)

261 (65%) 30 (32%)
78 (19%) 32(34%)
63 (16%) 33 (35%)

) =17.146 (p <0.001)

80 (20%) 38 (40%)

72 (18%) 30 (32%)

86 (22%) 72(71%)
o) =8.045 (p =0.005)

148 (37%) 54(53%)
£’y =58.93 (p <0.001)

78 (20%) 59 (58%)

¥ =118.54 (p <0.001)

273 (69%) 18 (18%)
81(21%) 29.(28%)
41(10%) 55 (54%)

7 =21.545 (p <0.001)

76 (19%) 42 (41%)

65 (16%) 30 (29%)
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Awareness
R [95% ClIJ*

Participation
R [95% CIJ*

p-value

Gender (ref: men)

Women
Age (ref: 35-54)

18-34

55+
High occupational status (ref: no)
Region (ref: IDF)*

North East

North West

South East

South West
At-risk drinking recognition (ref: no)
High concern about health (ref: low)
High concern about control (ref: low)
AUDIT-C (ref: low risk)

Hazardous use

Harmful use/possible dependence
AUDIT-C (ref: low risk)

Higher ri

097 [085-1.11]

099 (0.83-1.17]
094 (0.81-1.10]

2.32[1.86-2.89]

0.810.66-1.00]

101 [0.82-1.25)

0.79 [0.64-0.98]
0.850.68-1.05]
1.65 [1.38-1.98]
102 (0.89-1.17]

093 [0.79-1.10]

1.10 [092-1.31]
1.10 [0.87-1.39]

1.37 [1.17-1.60]

0635

0893
0.446

<0.001

0.044

0899

0.030

0.130

<0.001

0772

0411

0289

0.436

<0.001

099 [081-12]

1.65[1.29-2.10]
0.69[0.54-0.89]

102[0.78-1.34]

1.02(0.75-1.38]
0.87 (0.64-1.19]
0.76 (0.55-1.05]
079 057-1.11]
2.09 [1.66-2.62]
1.63 [1.32-2.01]

184 [145-2.34]

1.39 [1.07-1.80]
317 [2.33-4.30]

0.84 (0.66-1.07]

“Adjusted for other demographic factors. Alcohol measures were adjusted for all demographic factors (sex, age, occupational category, and region).

Tle-de-France (the Parisian region).

Bold: statistically significant. OR, Odds ratio. CI, Confidence intervals.

0942

<0.001
0.004

03866

0900
0390
009
0171

<0.001

<0.001

<0.001

0.013

<0.001

0152
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Fewer TV channels

More TV channels

Sedentary time decrease

dentary time increase

Sedentary 0.0021* 0.0028* 0.0048 0.0032***
(0.0012) (0.0009) (0.0038) (0.0011)
Covariates Yes Yes Yes Yes
Fixed-effects Yes Yes Yes Yes
Constant 16.6528% 299125 25.2591%* 24.0061%**
(2.5457) (2.0067) (4.1960) (2.5894)
Obs. 6,387 17,306 7,064 9,976
R 0.969 0962 0984 0976

Significance: *, **

The dependent variable is Mental health 1.
All models include fixed effects and all covariates.

,and *** denote significance at 10%, 5%, and 1% level, respectively.
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Not knowing CDG Without medical workers ving medical workers

Sedentary 0.0014* 0.0013 0.0016** 00033
(0.0007) (0.0026) (0.0007) (0.0047)
Covariates Yes Yes Yes Yes
Fixed-effects Yes Yes Yes Yes
Constant 250142 311075+ 25.7426*+* 349139+
(16229) (6.2375) (1.4546) (11.6775)
Obs. 18,529 5,104 22,637 1,056
R 0963 0982 0959 0.986

Significance: *, **, and *** denote significance at 109, 5%, and 1% level, respectively.
‘The dependent variable is Mental health 1.
All models include fixed effects and all covariates.
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Mental health 1 Mental health 2 Parallel t

Sedentary 0.0022%** 0.0001***
(0.0008) (0.0000)
2006 0.0002
(0.0001)
2009 —0.0001
(0.0001)
2011 0.0000
(0.0001)
2015 0.0002***
(0.0001)
Covariates Yes Yes Yes
Fixed-effects Yes Yes Yes
Constant 25.5424*** 0.2217* 0.2248**
(1.4273) (0.0850) (0.0850)
Obs. 23,693 23,693 23,693
R? 0.960 0.960 0.960

Significance: *, **, and *** denote significance at 109, 5%, and 1% level, respectively.

All models include fixed effects and all covariates.
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Mental health1 ~ Mental health 2

Sedentary —0.0016 —0.0001
(0.0017) (0.0001)
Sedentary-squared 0.0000% 0.0000*
(0.0000) (0.0000)
Covariates Yes Yes
Fixed-effects Yes Yes
Constant 25.7981** 0.2369**
(1.4305) (0.0852)
Obs. 23,693 23,693
R? 0.960 0.960

Significance: *, **, and *** denote significance at 10%, 5%, and 1% level, respectively.
All models include fixed effects and all covariates.
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Mental health 1 Mental health 2 First stage

Sedentary 0.0017*** 0.0001***
(0.0007) (0.0000)
Lewbel's TV 0.0000***
(0.0000)
Group-level IV 0.7334*
(0.0068)
The numbers of TV channels 0.1132%
(0.0657)
Covariates Yes Yes Yes
Fixed-effects Yes Yes Yes
Constant 25.5553*** 0.2224*** 5.7367
(1.4276) (0.0850) (11.1466)
F-stat (First stage) 1,541
Kleibergen-Paap rk LM P-value 0.000
Sargan test P-value 0.127
Obs. 23,693 23,693 23,693
R? 0.960 0.960 0.926

Significance: *, **, and *** denote significance at 10%, 5%, and 1% level, respectively.
All models include fixed effects and all covariates.
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Mental health1 =~ Mental health 2

Sedentary 0.0010* 0.0001*

(0.0006) (0.0000)

Individual characteristic

Marital status —0.6798** —0.0405**
(0.3259) (0.0194)

Life habits

Sleep time —0.0483 —0.0029
(0.0437) (0.0026)

Physical activity —0.1026 —0.0061
(0.1538) (0.0092)

Smoke status —0.4035** —0.0240**
(0.1987) (0.0118)

Alcohol status —0.1183 —0.0070
(0.1650) (0.0098)

Physical index

BMI —0.0347 —0.0021
(0.0330) (0.0020)
Self-reported health 0.8285*"* 0.0493*
(0.1046) (0.0062)
Chronic diseases —0.2183 —0.0130
(0.1501) (0.0089)
Disease diagnosis records 1.4548** 0.0866***
(0.5517) (0.0328)

Occupational characteristic

Occupational ST —0.2378*** —0.0142***

(0.0662) (0.0039)

Dietary characteristics

Preference for fast food —0.0368 —0.0022
(0.1086) (0.0065)
Preference for salty food 0.0008 0.0000
(0.0957) (0.0057)
Preference for vegetables —0.7660** —0.0456"*
(0.1005) (0.0060)
Preference for dessert 02564 00153
(0.0694) (0.0041)
Dietary knowledge scores 0.0055 0.0003
(0.0186) (0.0011)
Average fat intake 00023 0.0001
(0.0022) (0.0001)
Average protein intake 0.0006 0.0000
(0.0035) (0.0002)

Household characteristic

Family income —0.1725%** —0.0103***

(0.0570) (0.0034)

Regional characteristic

Urbanization —0.0172 —0.0010
(0.0105) (0.0006)
House scores 0.2289** 0.0136***
(0.0749) (0.0045)
Economic scores —0.0464 —0.0028
(0.0323) (0.0019)
Health scores —0.0802*** —0.0048***
(0.0302) (0.0018)
Fixed-effects Yes Yes
Constant 25.6389%* 0.2274**
(1.4275) (0.0850)
Obs. 23,693 23,693
R? 0.960 0.960

Significance: *, **, and *** denote significance at 10%, 5%, and 1% level, respectively.
Fixed-effects include  individual-level, houschold-level, and ~community-level, and
year dummy.
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%)

Mean (SD

Outcomes

Mental health 1 Aggregated mental health scores 22(17)

Mental health 2 Standardized mental health scores 0 (1)

Independent variable

Leisure sedentary time The average leisure sedentary time (mins) 143 (96)

Covariates

Marital status 0 = Otherwise (13); 1 = Married (87) 0.87 (0.34)

Sleep time Sleep time (hours) 7.81(1.23)

Physical activity 0 = Never exercise (89); 1 = Participate in one sport (9); 2 = Participate in two sports (1); 3 = Participate in three sports 0.12(0.38)
()

Smoke status 0=No (69); 1 = Yes (31) 0.31(0.46)

Alcohol status 0=No (69); 1 = Yes (31) 0.31(0.46)

BMI Bady mass index 24(3)

Self-reported health 1 = very good (19); 2 = good (46); 3 = fair (29); 4 = bad (5); 5 = very bad (1) 2(0.82)

Chronic diseases 0= No chronic diseases (78); 1 = Hypertension or diabetes (20); 2 = Hypertension and diabetes (2) 0.30 (1.02)

Disease diagnosis records | Whether the individual has a diagnosed mental health or a diagnosed genetic disease 0.01(0.09)

Occupational ST Standardized average weekly working time 0(1)

Preference for fast food 1 = strongly dislike fast food (19); 2 = dislike fast food (68); 3 = neutral (9); 4 = like fast food (3); 5 = strongly like fast 1.97 (0.65)
food (1)

Preference for salty food 1 = strongly dislike salty food (14); 2 = dislike salty food (67); 3 = neutral (13); 4 = like salty food (5); 5 = strongly like 2.11(0.70)
salty food (1)

Preference for vegetables 1 = strongly dislike eating vegetables (1); 2 = dislike eating vegetables (1); 3 = neutral (11); 4 = like eating vegetables 3.91(0.53)
(76); 5 = strongly like eating vegetables (7)

Preference for dessert 1 = strongly dislike eating dessert (7); 2 = dislike eating dessert (54); 3 = neutral (25); 4 = like eating dessert (13); 5 = 2.45(0.83)
strongly like eating dessert (1)

Dietary knowledge index Aggregated dietary knowledge scores 22(3)

Average fat intake Average fat intake (g/d) 70 (30)

Average protein intake Average protein intake (g/d) 64 (19)

Family income Annual household income (RMB yuan) 51,660 (48,513)

Urbanization Urbanization index 71(19)

House scores House scores 8(2)

Economic scores Economic scores 9(3)

Health scores

Health scores

6(3)
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Variables

Participant group

Age category (years)

Highest education

level attained

Marital status

Current

employment status

Sexual orientation

Suspected group
Previously diagnosed group

Newly diagnosed group.
(reference)

45 years or above
35 ~ 44 years

25~ 34 years

15 ~ 24 years (reference)
Junior high or below

Senior high or equivalent
Professional training college
Bachelor’ degree or above
(reference)

Married

Unmarried, divorced, or
widowed (reference)

Student, unemployed, or

retired

Part-time
Full-time (reference)
Heterosexual
Bisexual

Gay (reference)

Inconsistent condom use in the past 1 year

Chemsex in the past 1 year

Sex with men in the past 1 month

Casual sex in the past 1 month

Self-assessed risk of mpox

Factor scores

SE, standard error.

Factor 1
Factor 2
Factor 3

Factor 4

‘Hosmer and Lemeshow test; p > 0.05
‘Bold values indicate statistical significance at p < 0.05.

‘OR = adjusted odds ratio.

195% CI = 95% confidence interval.

-1110

-1248

0155

~0.400

~0.098

0437

~0.667

0131

~0020

0370

—0249

—0.456

0.662

0.041

0531

0252

0344

0.291

SE
0607

0559

0742
0.642

0615

0557
0.482

0464

0.469

0.431

0.423

0548

0522

0354
0363
0470
0640
0170
0193
0212
0204

0202

Wald x 2

13174

4289

2239

9.666

4110

0.077

0.689

0.045

0.868

2395

0.095

0711

0.001

1092

0.469

0.939

1068

0,058

7.562

1416

2849

209

p-value?

0.000

0.038

0135
0.002

0.013

0.781
0406

0.833

0351

0122

0757

0399

0.969

0296
0.493
0332
0301
0810
0.006
0234
0.091

0.148

0111

0314

0330

0136

0287

1167

0.670

0907

1548

0513

1139

0.630

0.980

1448

0.780

0.634

1938

1042

1701

1287

1411

1338

95% CI*
0.034 0363
0.105 0.940
0.077 1411
0.039 0478
0.086 0.959
0392 3478
0.260 1724
0.365 2251
0.617 3882
0220 1195
0.498 2610
0215 1.845
0352 2726
0723 2.898
0.383 1589
0252 1593
0552 6798
0.747 1453
1165 2483
0.849 1950
0.946 2105
0.902 1.987
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Variables Previously diagnosed group N (%) Newly diagnosed group N (%)  Suspected group N (%)

Age category (years)
15~24 68(23.13) 40 (35.09) 22(30.14)
2534 122 (41.50) 38 (33.33) 22(30.14)
3544 70 (23.81) 19.(16.67) 14(19.18)
45 orabove 34 (11.56) 17 (14.91) 15(20.55)

Highest education level attained

Junior high or below 25 (8.50) 16 (14.04) 15(20.55)

Senior high or equivalent 53(18.03) 25(21.93) 16(21.92)

Professional training college 87(29.59) 36 (31.58) 17(23.29)

Bachelor’s degree or above 166 (43.88) 37 (32.46) 25(34.25)
Marital status

Married 55(18.71) 26 (22.81) 29(39.73)

Unmarried, divorced, or

widowed 239 (81.29) 88(77.19) 44(60.27)
Current employment status

Full-time 171 (58.16) 46 (40.35) 35(47.95)

Part-time 59(20.07) 28 (24.56) 21(28.77)

Student, unemployed, or retired 64(21.77) 40 (35.09) 17(23.29)
Sexual orientation

Gay 202 (68.71) 49 (42.98) 12(16.44)

Bisexual 47 (15.99) 35(30.70) 10 (13.70)

Heterosexual 45(15.31) 30(26.32) 51(69.86)

Inconsistent condom use in the past 1 year
Yes 132 (44.90) 89(78.07) 25 (34.25)
No 162 (55.10) 25(21.93) 48 (67.75)

Chemsex (such as Viagra, Cialis, rush poppers, and amyl nitrite) in the past 1 year
Yes 107 (36.39) 39 (34.21) 21(28.77)
No 187 (63.61) 75 (65.79) 52(71.23)

Sex with men in the past 1 month
Yes 85(28.91) 26 (22.81) 11(15.07)
No 209 (71.09) 88(77.19) 62(84.93)

Casual sex (including commercial sex and group sex) in the past 1 month
Yes 22(7.48) 13 (11.40) 16 (21.92)
No 272(9252) 101 (88.60) 57 (78.08)

Being aware of mpox epidemic in China

Yes 247 (84.01) 77 (67.54) 28 (38.36)
No 47(15.99) 37 (32.46) 45 (61.64)
Mpox knowledge medium (IQR) 9.0(6.0-11.0) 60(20-9.0) 20(0-7.5)

Self-assessed risk of mpox

Very low 50 (17.01) 22(19.30) 25(34.25)
Low 107 (36.39) 44 (38.60) 31(4247)
Moderate 89(30.27) 30 (26.32) 9(12.33)
High 35 (11.90) 13 (11.40) 6(8.22)
Very high 13 (4.42) 5(439) 2(2.74)
Being willing to get vaccinated if vaccines become available in China
Yes 269 (91.50) 109 (95.61) 53 (72.60)
No 25 (8.50) 5(4.39) 20(27.40)
Sum 294 114 73

IQR, interquartile range.
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Language Familial

Foreign born

Ethnicity* e spokenat  Employment status chronic
home condition
1 9 P Black ¥ E Unemployed Y
2 2 P AA/Ethiopian ¥ E Administrator Y
3 55 F Black N E Unemployed Y
4 57 P Black N E Neighborhood worker Y
5 2 P Nigerian-A ¥ Eand Igbo Medical scribe Y
6 2 F AA N E Community health worker Y
7 37 M AA N Unemployed N
8 32 M Afro-CB-European* Y E, Patois, Gypsy ~ Community assoc. manager Y
9 51 P cB ¥ E Auditor N
10 2 F Black N E Unemployed N
n 4 F Black N E Health project coordinator Y
2 2 F Liberian Y E, Colokwa, Bassa  Student and researcher Y
13 2 P Rwandan® Y E,EKinyrwanda  Student N
1 2 F ¥ E, Igho Student Y
15 5 F American N E House N
16 u M Nigerian-A Y E, Tbibio Unemployed Y
17 51 F St. Lucian® Y E Teacher Y
18 55 M AA N E Unemployed Y
19 27 P Haitian® ¥ E,S, Creole Medical student Y
20 2 F Jamaican* Y E, Jamaican Creole  Student N
21 2 F Haitian* Y E,F S, Haitian Creole | Researcher Y
2 30 F Black ¥ ES Unemployed N
2 35 F Black* Y E Grants analyst Y
2 56 F Haitian® Y EES, Creole Social worker Y
2 27 F Black N E Researcher Y

Sex: F, Female; M, Male; Ethnicity: *, foreign-born; AA, African American; B, Black; -A, hyphenated American; CB, Caribbeans Language Spoken at Home: E, English; F French; S, Spanish;
Familial Chronic Conditions: Y, Yes; N, No.
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Theme

1. Natural wellness

2. Self-care
3. Leisure

4. Mental stimulation

5. Spiritual wellness

Definiti

Engaging with natural and herbal elements and practices to promote holistic health

and well-being.

Activities and practices that focus on nurturing one’ physical and mental well-being.

Act

and elements that provide relaxation, enjoyment, and recreation.

Engagements that challenge, stimulate, or soothe the mind, enhancing cognitive and

emotional health.

Practices and experi

and connection.

nces that nurture the spirit, fostering a sense of peace, purpose,

Subthemes

Sleep supplements, comfort beverages, aromatherapy,

herbalism, outdoors
Self-maintenance, physical activity, spatial comfort
Pet support, play

Mindfulness, reading

Faith-based practices
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Group (N) Recruit/Consent/ Pictures (7) Discussion (8) Dissemination (9)

Cameras (1, 2,3, 4,5,

6)
G1(8) July 19-21 7days July 28 December 15
G2(8) July 21-24 7days July 31 December 15
G3(9) July 24-28 7days August 2 December 15
FG1(6) - - August 4 December 15
FG2(6) - - August 4 December 15
All dates are 2023; G =group and FG = ocus group; Wang and Burris recommend steps are as follows: (1) select and recruit target audience; (2) recruita group of photovoice participants; (3)

1 theme for taking pitures; (6) distibute cameras to participants and review how (o use

introduce the photovoice methodology to participants; (4) obtain informed consen; (5) pose an
them; (7) provide time for participants to take pictures; (8) meet to discuss photographs; (9) plan with participants a format to share photographs and stories with leaders.
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Items Factor 1 Factor 2 Factor 3 Factor 4

1. People are generally susceptible to mpox. 0053 -0.077 0689 0.036
2. Mild mpox cases can recover without treatment. 0.09 0.046 -0.116 0.851
3. One encounter with mpox s followed by lifelong immunity. 0076 0.105 0351 0.642
4. Mpox can cause mouth sores. 0.150 0.764 0078 0,09
5. Mpox can cause a rash located on the face, chest or palms. 0526 0408 0.266 0.181
6. Mpox can cause a rash located on the genital or anal areas. 0.195 0.779 0.189 ~0.047
7. Mpox can cause swollen lymph nodes. 0.198 0.750 0075 0.116
8. People can get mpox by having sex with an infected person. 0.600 0245 0375 0.191
9. People can get mpox by prolonged face-to-face contact with an infected person. 0.297 0334 0533 0.235
10. People can get mpox by touching objects that have been used by an infected person. 0.229 0.389 0688 ~0.065
11. People can get mpox by close contact with an infected animal. 0375 0259 0.591 0071
12. People with weakened immune systems are at higher risk of mpox. 0715 0.145 0.203 o1
13. People with HIV infection are at higher risk of mpox. 0.837 0.160 0,098 0.036
14. Men who have sex with men are at higher risk of mpox. 0.874 0.147 0,097 0.023
15. Sex workers are at higher risk of mpox. 0.833 0.160 0.134 0020
S loadings® 3704 2421 2055 1311
Proportion Var (%)" 2470 16.14 13.70 874
Cumulative Var (%) 2470 4083 5454 6328

“The 4-factor model reflected an acceptable internal structure according to a factor loading threshold value of 0.4,
The bold values are the questionnaire items with a loading above 0.4 on a particular factor, suggesting that the information given by them is substantialy influenced by the identified factors.
“The normalized variance values associated with factors.

“The degree to which each factor explains the whole variance.

“The cumulative degree to which factors explain.
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294 males who received HIV

diagnosis before

187 males were recruited at
the outpatient clinic during

o 05/07/2023 consented to
e 05/07/2023 10 05/09/2023.
73 males who were HIV
114 males were confirmed negative o inconclusive in
as HIV positive the confirmatory test or
declined to test finally
(4

Previously diagnosed el Sl

"I
group
B racrors FACTOR2 FACTOR 3 FACTOR 4 c Component Score
<0.0001 07077 <00001
— L) <0.0001
00008 50,9999 00150
—/ =0ee 09099
00440 Eis 50,9999
2 P 4 <0.0001 5 10

g *7
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Model 3

B (95% CI)

SLE (Ref:

Middle-SLE 0.06 (0.01,0.10)*
Low-SLE 0.07 (0.02,0.11)**
Age

001 (1.00,0.01)*#*
Gender (Ref: Male)
Female 093 (0.89,0.96)**
Marital status (Ref: Married)
Unmarried ~0.06 (<0.11,-0.01)*

Education (Ref: llliterate)

Elementary school and below ~0.03 (-0.07, 0.02)
Middle school and above ~0.01 (-0.06, 0.04)
Residence (Ref: Urban)

Rural -0.15 (-0.19, ~0.12)*#*
ADLWA

0.00 (~0.03,0.03)
Pension (Ref: No)

Yes ~0.03 (-0.08,0.02)
Constant

1.22(0.19,2.25)***

N observations 2,49

Resquared 0.1696214
AIC 28575.97
BIC 28659.02

CI = Confidence interval; ADLWA = Ability of daily living by Wallace; SLE = Subjective life
expectancy; **%p < 0.001; *#p < 0.01; *p < 0.05.
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Model 1

B (95% CI)

Model 2
B (95% CI)

Hypertension diagnosis (Ref: No hypertension diagnosis)

Hypertension diagnosis 041 (0.37,0.43)##*
SLE (Ref: High-SLE)
Middle-SLE =
Low-SLE -
Age

0.01(0.00,0.01)***
Gender (Ref: Male)
Female 0.96 (0.93, 0.99)***
Marital status (Ref: Married)
Unmarried ~0.01 (~0.04,0.03)
Education (Ref: Illiterate)
Elementary school and below 0.01 (-0.03,0.03)
Middle school and above 0.02 (-0.02,0.05)
Residence (Ref: Urban)
Rural ~0.08 (~0.11, -0.06)***
ADLWA

0.02 (-0.01, 0.05)

Pension (Ref: No)
Yes 0.01 (-0.04,0.03)
Constant

083 (025, 1.43)%%*

N observations 5,223

Resquared 043858
AIC 42617.92
BIC 4271167

0.41(0.37,043)%+%

0.05(0.02,009)***

0.06 (0.03,0.09)***

0.01(0.00,001)***

0.96 (0.93,0.98)***

0.1 (-0.05,0.02)

0.1 (-0.03,0.03)
0.02(-0.02,0.06)

008 (-0.12,-006)***

0.01(-0.01,0.04)

0.00 (-0.04, 0.04)

0.82(0.23, 1.40)**%

5,223

04387128

4261438

42715.94

CI = Confidence interval; ADLWA = Ability of daily living by Wallace; SLE = Subjective life

expectancy; *%p < 0.001; *#p < 0.01; *p < 0.05.
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Diagnosed hypertension

with normal BP

Diagnosed hypertension
with unmoral BP

hypertension health behavior score, mean

General health behavior score, mean

SLE
Low-SLE
Middle-SLE
High-SLE

SLE = Subjective lfe expectancy.

No Measured
hypertension  hypertension

(p<0.001)
(P<0.001)

139 132
(P<0.001)

3042 2578

3306 3345

3652 4077

371

146

3722

2013
3365

348

147

4085

2684

3231
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2013 2015 2018 2020

Mean/n SD/% Mean/n SD/% Mean/n SD/% Mean/n SD/%

Gender

Male 2674 5120

Female 2549 4850

Age, mean 58.11 806 60.10 806 63.10 806 65.11 806
Education

Tliterate 1024 1961

Elementary school and below 2068 3959

Middle school and above 2131 4050

Marital status

Married 4753 9100 4500 8616 118 7884 3930 7524
Unmarried 470 9.00 723 1384 1105 2116 1293 2476
Residence

Utban 1805 3456

Rural 3418 6544

ADLWA, mean 0.09 039 012 046 015 050 018 053
Pension

No 1827 3498

Yes 3396 6502

SLE

Low-SLE 1618 3098 1754 3358 1841 3525 1802 3450
Middle-SLE 1658 3174 1874 3588 1901 3639 1996 3822
High-SLE. 1947 3738 1595 3054 1481 2836 1425 2728

Diagnosed hypertension

Diagnosed hypertension 1444 2765 1723 3299 2198 4208 2526 4836
No diagnosed hypertension 3779 7235 3500 67.01 3025 57.92 2697 5164
General health behavior score, 139 088 155 036 181 090 226 105
mean

Hypertension health behavior 357 167 379 167 382 153 391 154
score among diagnosed

patients', mean

ADLWA = Activities of daily living by Wallace; SLE = Subjective lfe expectancy:
‘Evaluated for the subset of the analytic sample who had diagnosed hypertension and were surveyed in 2013-2020.
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10,905 study participants took part in all 4
interviews

8.268 study participants with exposure
and outcome information

2,637 study participants were excluded:
1) 145 study participants had no hypertension diagnosis information
2) 460 study participants had no health behavior related information
3) 2,032 study participants had no SLE-related information

3,045 study participants were exclude:
3,045 study participants had missing values for other variables

5.223 study participants included in the
longitudinal study
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Parental age (year) Family structure Number of
children (n)

Father Mother uclear family Extended family
Low-SES 3481 3236 2376 3,450 203
Middle-SES 3538 3299 4,677 7219 177
High-SES 36.97 3449 2456 3814 1.67

Total 35.66 323 9,509 14,483 18
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Low-SES group

Number
Time

Screen time (min)

Outdoor activty time (min)
Health

€HCi health dimension (score)
Middle-SES group

Number
Time

Sereen time (min)

Outdoor activity time (min)
Health

€HCi health dimension (score)
High-SES group

Number
Time

Sereen time (min)

Outdoor activity time (min)
Health

€HCi health dimension (score)

3-year old
Girl (n=395) Boy (n=427)
105.09482.44 105.74:£87.01
06823546 466743028
085019 | 0stz019

Girl (1=710)

10604883

531343835

086018

Girl (n=324)

100.23£91.30

595244063

088018

¢HCi, The early human capacity index; F, Female; M, Male.

Boy (1=778)

107.29+89.09

538543848

0855019

Boy (n=349)

962248478

60.19+39.35

0.86+0.18

4-year old
Girl (n=863) Boy (n=1,044)
105.39£90.78 115.05195.18
159543649 | 47823897
0862018 osz019
Girl (n=1,793) Boy (n=2,103)

108.16:£94.40

524743996

0882018

Girl (n=941)

99.04282.15

60.68+40.29

089017

109.42486.79

565743988

0872018

Boy (n=1,038)

97.81£92.60

6341£40.66

088018

5-year old

Girl (n=827)

1130649338

451343843

0884018

Girl (n=1,767)

116,01+ 100.68

519643974

0895018

Girl (n=990)

98.1682.96

593244152

090+0.16

Boy (n=926)

114229351

49.75£39.09

0884018

Boy (n=2003)

114549231

586944078

088018

Boy (n1=1,073)

105179445

648244138

0914016

6-year old
Girl (1=537) | Boy (1=640)
155349582 1202249938
488143908 521543908
0912017 088018
Girl (1=1,090)  Boy (n=1,379)

116.92496.81

55.440.04

092017

Girl (n=675)

1013129091

5744£38.39

0914017

1185710136

57.85439.66

0902016

Boy (n=789)

100.783.03

6434£40.45

091£0.17

Girl (n=2703)

109.73£91.43

45.61437.65

0874018

Girl (n=5,484)

11259681

538243966

0892018

Girl (n=2970)

99648571

593244033

09017

otal

Boy (n=3,123)

11496£95.80

48.96+39.03

086019

Boy (n=6412)

1129149253

57.15439.99

088018

Boy (n1=3,300)

100.76£90.40

635424063

089017

Total (N=5,826)

112539382

4740£38.43

086018

Total (N=11,89)

1127249452

55.62439.87

0882018

Total (N=6,270)

100.21£88.20

615444054

0.8920.17
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Variables

Model 1

Depression

Self-esteem

Model 2

Self-compassion

Model 3

Depression

Age 0.263 (0.660) 0.030 (0.163) —0.334 (~1.197) 0.186 (0.577)
BMI —0.394*(~2.345) 0.235*(2.986) 0.204 (1.732) —0.107 (=0.784)
Acne —0.387 (~0.309) —0.565 (~0.962) 1081 (1.232) —0.576 (~0.566)
Hirsutism —2.054 (~1.408) 0.853 (1.248) —0.673 (~0.659) —1.463 (~1.238)
Acanthosis nigricans —0.680 (~0.477) 0.550 (0.824) 1669 (1.673) 0369 (0.321)
Body dissatisfaction 9.184**%(12.086) —3.608**(—10.139) —4.795%*(=9.016) 4,254 (5.846)
Self-esteem —0.944***(—7.498)

Self-compassion

—0.318"*(-3.777)

R? 0.403 0314 0283 0.617
Adjusted R? 0.390 0.300 0.268 0.606
F 31.437%%* 21.283** 18.461%* 55.961%**

*p < 0.05,*p < 0.01,***p < 0.001.

The t-value was presented in parentheses.
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ode Boo A

ediatio
Direct effect 4.254%* | 0.728 2.828,
5.681
Total indirect effects 4930 | 0.039 0.250,
0.402

Indirect effect 1 3.405** | 0.039 0.151, 37.07%
0.305

Indirect effect 2 1.525%* | 0.031 0.045, 16.61%
0.165
Total effect 9.184** | 0.760 7.695,
10.674

**p < 0,001
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Variables Categories Mean/n SD/%

Age (years) 18 127
BMI (kg/m?) 21 3.02
Acne Yes=1 70 2439
No=0 217 75.61
Hirsutism Yes= 56 1951
No=0 231 80.49
Acanthosis nigricans | Yes= 56 19.51
No=0 231 80.49
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Variables Mean + SD Range Categories n

Body dissatisfaction 250071 (1.1,4.6] Satisfied = 0 76 26.48
Dissatisfied = 1 211 73.52

Overall appearance 279083 [1.0,5.0] Satisfied = 0 36 12.54
Dissatisfied = 1 251 87.46

Fatness 245+ 0.89 [1.0,5.0] Satisfied = 0 97 33.80
Dissatisfied = 1 190 66.20

Facial looks 241083 [1.0,5.0] Satisfied = 0 %2 32.06
Dissatisfied = 1 195 67.94

Depression 16.88 £ 10.70 [0.0,47.0) None [0-15] 147 5122
Possible [16-60] 140 48.78

Self-esteem 2732+ 4.67 [10.0,38.0)

Self-compassion 39.26 £ 6.84 [21.0,57.0)
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atisfa estee ompa
Self-esteem —0.518** - -
Self-compassion —0.474%** 0.682*** —
Depression 0.586** —0.699*** —0.619***

.

p < 0.001. We controlled for age, BMI, acne, hirsutism, and acanthosis nigricans.
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Model 1 Model 2 Model 3

Case/ HR (95%Cl) p value HR (95%Cl) p value HR (95%Cl) p value
participants

Sleep time

Normal (7-9 h) 497/3,362 Reference Reference Reference

Short (<7 h) 324/2,083 1.34(1.10-1.65) 0.004 1.24 (1.02-1.50) 0.028 1.25 (1.04-1.51) 0.018
Long (>9 h) 85/392 1.97 (151-2.57) <0.0001 1.47 (1.05-2.07) 0.026 1.50 (1.10-2.04) 0.011
Sleep trouble

No 605/4,084 Reference Reference Reference

Yes 301/1,753 1.26 (1.06-1.50) 0.008 113 (0.93-1.37) 0214 1.04 (0.87-1.25) 0.651

HR, Hazard Ratio; C1, Confidence interval.

Model 1: Adjusted for age, sex, and race.

Model 2: Adjusted for age, sex, race, body Mass Index, uric acid, insurance, education, smoking status, alcohol consumption status, poverty-income ratio and physical actvity.

Model 3:Adjusted for age, sex, race, body Mass Indesx, uric acid, insurance, education, smoking status, alcohol consumption status, poverty-income ratio, physical activity cancer, gout, diabetes
melltus, hypertension, chronic kidney disease and cardiovascular disease.
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Sleep time

Characters Overall Normal (7-9 Short (<7 hours)  Long (>9 hours) p-value
hours)
(N = 5,837) (N =3,362) (N =2,083) (N =392)
Age-year 51.30:034 51984044 49112046 55.98¢1.44 <0001
Age-year (%) <0001
2039 29.98 (27.51-32.46) 2881 (26.44-31.19) 3251 (29.72-35.29) 2861 (22.08-35.14)
40-59 33.59 (30.74-36.44) 3250 (30.17-34.83) 3855 (35.87-41.23) 18.15 (13.03-23.27)
260 36.42 (33.80-39.05) 3869 (36.32-41.06) 2894 (26.51-31.38) 53.24 (45.87-60.62)
Sex (%) <0.001
Female 44.30 (4122-47.38) 44,30 (42.03-46.57) 4162 (38.96-44.28) 58.79 (52.60-64.98)
Male 5570 (51.89-59.51) 5570 (53.43-57.97) 5838 (55.72-61.04) 4121 (35.02-47.40)
Race (%) <0001
Non-Hispanic White 68.53 (6207-74.98) 7227 (69.24-75.31) 6198 (57.83-66.12) 64.73 (58.52-70.94)
Non-Hispanic Black 1271 (11.10-14.32) 9.50 (7.94-11.06) 18.44 (15.44-21.44) 15,30 (10.98-19.62)
Mexican American 6,50 (5.24-7.75) 6.86/(539-8.32) 5.77(4.32-7.23) 665 (3.68-9.62)
Others 12.27(1095-13.59) 1137 (9.79-12.95) 13.81 (11.88-15.74) 13.32(10.09-16.55)
Education (%) <0.001
Less than high school 16,18 (14.60-17.75) 14.47 (1291-16.04) 18.14 (16.35-19.93) 2339 (18.26-28.53)
High school 25.16(22.72-27.59) 2486 (22.80-26.91) 2508 (22.61-27.55) 2873 (22.45-35.01)
‘Above high school 58.67 (54.63-62.70) 60.67 (58.04-63.30) 56.79 (54.02-59.55) 47.88 (41.15-54.61)
Poverty-income ratio (%) <0001
<13 2032 (18.82-21.82) 17.34 (15.74-18.94) 23.72(21.38-26.05) 33.16 (26.67-39.65)
1335 42,06 (39.20-44.92) 43.29 (40.92-45.65) 39.26 (36.34-42.17) 44,36 (37.92-50.80)
35 37.62 (33.83-41.41) 3937 (36.59-42.15) 3703 (33.30-40.75) 2248 (14.02-30.94)
Insurance (%) 0044
No 15.20 (13.87-16.53) 1457 (1292-16.22) 17.03 (15.10-18.95) 11.92(8.03-1581)
Yes 84,80 (79.31-90.28) 85.43 (83.78-87.08) 8297 (81.05-84.90) 88.08 (84.19-91.97)
Smoking status (%) <0001
Never 5240 (49.14-55.65) 5247 (50.07-54.88) 5225 (49.54-54.96) 5239 (44.64-60.14)
Now 17.33 (1545-19.22) 15.17 (13.27-17.08) 2110 (18.62-23.58) 19.55 (13.95-25.15)
Former 30.27 (27.61-32.93) 3235 (30.07-34.64) 2665 (24.10-29.20) 28,06 (21.66-34.46)
Alcohol consumption 0.003
status (%)
Never 1094 (9.59-12.29) 1080 (9.30-12.30) 10.49 (8.83-12.15) 1492 (11.17-18.67)
Former 13.98 (12.34-15.61) 13.21(11.55-14.86) 15,68 (13.94-17.43) 1282 (9.18-16.45)
Mild-Moderate 3531 (32.30-38.32) 3640 (33.58-39.22) 3198 (28.88-35.08) 41.99 (34.41-49.56)
Heavy 39.77 (36.77-42.77) 39.60 (36.95-42.24) 4185 (39.34-44.36) 3028 (23.13-37.43)
PA (%) <0001
Inactive 2671 (24.68-28.74) 26.11(24.08-28.14) 2441 (21.72-27.10) 45,52 (37.78-53.26)
Low-active 14.95 (13.31-16.58) 15.73 (14.03-17.43) 1391 (1201-1581) 1234(9.30-15.37)
Highly active 15.22(13.54-16.90) 15,88 (14.13-17.63) 1423 (12.17-16.29) 13.67 (7.66-19.67)
Extremely highly active 43.12(39.96-46.28) 42.27(39.79-44.76) 47.45 (44.26-50.65) 2848 (22.22-34.74)
BMI (kg/m?) 3269£0.15 3250:0.18 33212024 31885054 0017
Uric acid (mg/dL) 7.50£0.02 7.48£0.02 7.53£0.03 7.48£0.07 0222
DM (%) 0075
No 80.88 (75.62-86.14) 8187 (80.13-83.61) 79.89 (77.59-82.18) 75.88 (69.35-82.41)
Yes 19.12 (17.41-20.83) 18.13 (16.39-19.87) 20.11 (17.82-22.41) 2412 (17.59-30.65)
Hypertension (%) 0313
No 3055 (27.85-33.24) 3136 (29.10-33.62) 2945 (26.82-32.07) 2798 (21.95-34.01)
Yes 69.45 (65.01-73.90) 68.64 (66.38-70.90) 7055 (67.93-73.18) 7202 (65.99-78.05)
Gout (%) 0512
No 90.30 (84.77-95.83) 9047 (89.16-91.78) 90.45 (88.86-92.04) 87.67 (81.46-93.89)
Yes 9.70 (8.52-10.88) 953 (8.22-10.84) 9.5 (7.96-11.14) 12,33 (6.11-18.54)
Cancer (%) 0.002
No 87.72 (8240-93.04) 87,03 (85.65-88.41) 89.93 (88.14-91.72) 82.88 (78.57-87.19)
Yes 12.28 (1096-1361) 12,97 (11.59-14.35) 10,07 (8.28-11.86) 17.12 (12.81-21.43)
CVD (%) <0.001
No 85.72(80.23-91.21) 86.49 (84.97-88.01) 86.19 (84.10-88.28) 75.11 (69.35-80.87)
Yes 14.28 (12.86-15.70) 13,51 (11.99-15.03) 1381 (11.72-15.90) 2489 (19.13-30.65)
CKD (%) <0.001
No 7167 (6.99-76.35) 70.29 (68.31-72.28) 77.23(75.15-79.32) 55.84 (49.13-62.55)
Yes 2833 (26.12-30.55) 2971 (27.72-31.69) 2277 (20.68-24.85) 44.16 (37.45-50.87)
sleep trouble (%) <0001
No 68.81(64.39-73.22) 7288 (70.66-75.11) 6176 (58.86-64.67) 64.25 (57.30-71.21)
Yes 3119 (28.74-33.65) 27.12(24.89-29.34) 38.24(35.33-41.14) 35.75 (28.79-42.70)
Mortstat (%) 0.004
alive 88.64 (83.26-94.03) 89.67 (88.30-91.04) 87.80 (85.79-89.80) 8247 (78.14-86.81)
deceased 1136 (10.04-12.67) 1033 (8.96-11.70) 1220 (10.20-14.21) 17.53 (13.19-21.86)
Abbreviations: BMI, Body Mass Index; DM, Diabetes mellitus; PA, Physical Activity; CKD, Chronic kidney disease; CVID, Cardiovascular disease. Continuous variables are presented as

weighted mean + standard deviation, while categorical variables are presented as weighted percentages (95% confidence interval). Continuous variables were compared by weighted one-way
ANOVA, while categorical variables were compared by weighted Rao-Scott chi-square test.
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NHANES 2007-2018
(N=59,842)

Participants older than 20
(N=34,770)

participants with complete
data
(N=31,087)

|
v

Date for analysis
(N=5,837)

Excluded:
participants < 20 years old (N=25,072)

Excluded:

missing information on Sleep condition (N=139)
missing information on uric acid (N=3,473)
participants with ineligible mortality (N=71)

Excluded:
participants without hyperuricemia (N=25,250)
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Health Change

behaviour

Decrease No Increase

change

Physical activity
Longitudinal analysis 2 2 2 66
N (333) (.0) (63.6) (100)
(%)
Average change inmin | ~99.27 (77.9) - +1565 665
per week 339 (67.1)
(SD)
Screen time
Longitudinal analysis 2 7 3 66
N (37.9) (10.6) (515) (100)
(%)
Average change in -25 - +26 041
hours 8) 6 @9
per day
(SD)
Sleep duration
Longitudinal analysis 2 16 2 66
N (37.9) (242) (379) (100)
(%)
Average change in -104 - +1.36 012
hours ©03) wn a3
per day
(SD)

Consumption of unhealthy foods

Longitudinal analysis ) 2 2 66
N (65.2) 0) (18 (100)
(%)

Average change in —47 - 51 053
points (58) %) (7.02)
per 3 months

(D)

Consumption of alcohol

Longitudinal analysis 30 9 2% 66
N (46.2) (1358) (40.0) (100)
(%)

Average change in —672 - +110 129
number of drinks per (87.4) (1252) | (1274)
year

(sD)

Consumption of tobacco products

Longitudinal analysis 4 59 3 66
N ©) (894) 5 (100)
()

Average change in 74 - +54 -02
points 04 38) 30)
per month

(sD)
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Health Change in health behaviour N, (%)
behaviour

Decrease \[<] Increase  Total
change

Physical activity m 21 8 575
@7.1) (38.4) (14.4) (100)

Screen time 15 163 397 575
(26) (28.4) (69) (100)

Sleep duration 55 414 106 575
96) (72.0) (18.4) (100)

Consumption of 2 394 139 575
unhealthy foods 7.3) (68.5) (242) (100)
Consumption of 134 360 59 553
alcohol (23.4) (66.3) (10.3) (100)
Consumption of 2 500 30 572
tobacco (73) (87.4) (52) (100)

products
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Su

study A Sub-study B
(2022) (2020 22)

Total N (%) 575 (100) 66 (100)
Age M (SD) 24.06(39) 2461 (37)
Gender N (%)
Male 156 (27.1) 18 (273)
Female 411(715) 48(72.7)
Not specified, diverse 8(14) -
Study period N (%)
Preclinical 225(39.2) 0
Clinical 349 (60.8) 66 (100)

Committed relationship N (%)

Yes 339(59.1) 42(63.6)
No 235 (409) 24(36.4)
Children N (%)
Yes 3(57) 5(7.6)
No 541(94.3) 61(924)

Housing situation N (%)
Alone 197(345) 19(292)
With others 374.(65.5) 46 (70.8)
Financial problems N (%)
Yes 215 (37.4) 16(24.2)
No 360 (62.6) 50(75.8)

M, Mean; SD, Standard deviation.
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Adjusted HR

(95%Cl)

All-cause mortality
“Total 0975 (0.937-1.014) 0.207

Segmented cox proportional hazards model

Inflection point 723

sleep duration<7.23 0879 (0.788-0.981) 0022
sleep duration7.23 1187 (1.066-1.320) 0002
P for Log-likelihood ratio <0.001

HR, Hazard Ratio; CI, Confidence interval,

The model was adjusted for age, sex, race, body mass indesx, uric acid, insurance, education,
smoking status, alcohol consumption status, poverty-income ratio, physical activity cancer,
gout, diabetes mellitus, hypertension, chronic kidney discase and cardiovascular discase.
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Phenotype Consortium Sample size GWAS ID Ethnicity

Television watching UK Biobank 437,887 participants ukb-b-5192 European
(MRC-IEU)

Computer use UK Biobank 360,895 participants ukb-b-4522 European
(MRC-IEU)
UK Biobank ukb-b-3793 European
(MRC-IEU)

MVPA UK Biobank 377,234 participants ebi-a-GCST006097 European

VPA UK Biobank 377,234 participants €bi-a-GCST006098 European

osA FinnGen Biobank 16,761 patients/201,194 controls | finn-b-Gé_SLEEPAPNO European

OSA, obstructive sleep apnea; MVPA, self-reported moderate-to-vigorous physical acti

y: VPA, self-reported vigorous physical acti
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Exposure Cochran’s Q test MR-Egger MR-PRESSO

Q value p value Intercept p value glol\u]:ll:zstp

Television watching osa 125304 0076 ~0010 0.146 0.102
Computer use osa 90.651 0.092 0.0002 0979 0.071
Driving 0sA 6.264 0.180 ~o112 0.145 0226
MVPA 0sA 13.932 0.604 0011 0.486 0595
VPA 0sA 1229 0.056 0016 0.800 0070
0sA “Television watching 3248 0.197 ~0.004 0.865 NA

0sA Computer use 7.645 0.105 0.008 0392 0.168
osA Driving 5018 0.285 0.005 0556 0.366
0sA MVPA 3605 0307 ~0010 0349 0.404
0sA VPA 4034 0.401 ~0.003 0.498 0355

OSA, obstructive sleep apnea; MVPA, self-reported moderate-to-vigorous physical acti

y: VPA, self-reported vigorous physical acti
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80% samples

Excluding recently retired

Individuals without muscular diseases

individuals

Sedentary 0.0024*** 0.0016™ 0.0014**

(0.0008) (0.0007) (0.0007)
Covariates Yes Yes Yes
Fixed-effects Yes Yes Yes
Constant 24.5096"* 254739 23.9203"*

(1.7356) (1.4601) (1.4557)
Obs. 18,924 23,094 22,463
R? 0.965 0.960 0.961

Significance: *, **

The dependent variable is Mental health 1.
All models include fixed effects and all covariates.

,and ** denote significance at 10%, 5%, and 1% level, respectively.






OPS/images/fpubh-12-1359096/fpubh-12-1359096-g005.jpg





OPS/images/fpubh-13-1517830/fpubh-13-1517830-t011.jpg
Excluding the oldest-old Individuals in good physical Individuals without genetic diseases

population health

Sedentary 0.0016% 0.0014* 00018

(0.0007) (0.0007) (0.0007)
Covariates Yes Yes Yes
Fixed-effects Yes Yes Yes
Constant 25.4739%* 23.9203** 25.4764%*

(1.4601) (1.4557) (1.4364)
Obs. 23,094 22,463 23,498
R 0.960 0.961 0.960

Significance: *, **, and *** denote significance at 10%, 5%, and 1% level, respectively.
The dependent variable is Mental health 1.
All models include fixed effects and all covariates.
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Light physical worl

Medium physical work

Sedentary 0.0022* 0.0023*

(0.0013) (0.0013) (0.0012)
Covariates Yes Yes Yes
Fixed-effects Yes Yes Yes
Constant 266443+ 269899+ 27.2055%*

(2.8826) (2.9286) (2.7974)
Obs. 10,324 10,160 10,450
R 0972 0972 0971

Significance: *, **, and *** denote significance at 10%, 5%, and 1% level, respectively.

The dependent variable is Mental health 1.
All models include fixed effects and all covariates.
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Overweight Waist
circumference
Sedentary 0.0004** 0.0001* 0.0016*
(0.0002) (0.0000) (0.0009)
Covariates Yes Yes Yes
Fixed-effects Yes Yes Yes
Constant 22.8958*** 0.2866** 87.0944***
(0.3567) (0.0675) (1.7050)
Obs. 23,693 23,693 23,693
R? 0.918 0.848 0.826

Significance: *, **, and *** denote significance at 10%, 5%, and 1% level, respectively.
The dependent variable is Mental health 1.
All models include fixed effects and all covariates.
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Male-dominated Female-dominated Parks are nearby No parks are nearby

caregivers caregivers

Sedentary 0.0042% 0.0029** 0.0010 0.0036**

(0.0022) (0.0012) (0.0027) (0.0012)
Covariates Yes Yes Yes Yes
Fixed-effects Yes Yes Yes Yes
Constant 22.9020* 17.8048** 23.4688"* 21,0227

(3.9774) (2.4768) (6.6071) (2.3328)
Obs. 1,629 5484 1,334 5,540
R? 0.949 0.936 0.949 0.938

Significance: *, **, and *** denote significance at 109, 5%, and 1% level, respectively.
‘The dependent variable is Mental health 1.
All models include fixed effects and all covariates.
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Layers Variables Categories N (%)/Mean + SD Mean + SD/ Correlation p value
Male 14(31.75) 566+3.14 <0.001
Sex
Female 245 (68.25) 729327
Age - 30.6947.24 0010 0846
Individual layer
Coronavirus disease fear | ~ 1756615 0335 <0.001
Positive emotions - 2990£7.95 ~0240 <0.001
Negative emotions - 22284767 0234 <0.001
<50h 283 (78.83) 6804346 0074
Average working hours
51h~70h 62(17.27) 6274282
per week
271h 14(390) 8504473
0-10 140 (39.00) 701£3.13 0309
Patients treated per day | 11-30 136 (37.88) 6812334
Behavioral layer
231 83(23.12) 6312356
Never 74(20.61) 594354 <0.001
Working overtime Sometimes 200(55.71) 648+3.09
Frequently 85 (23.68) 8204324
Healthy behavior score - 117.66£2477 ~0226 <0.001
Single 167 (46.52) 6524338 0173
Marital status
Interpersonal layer Married 192 (53.48) 700£3.25
Perceived social support | - 630321310 ~0.157 0.003
< College 108 (30.08) 6584321 0002
Educational level College 192(53.48) 726334
>Post-graduate 59(16.43) 5554314
60,000 63(17.55) 631£3.54 0.147
Income 60,001 ~120,000 235 (65.46) 6724328
2120,001 61(1699) 7454316
Social layer
Physician 124 (3454) 596+3.21 <0.001
Occupation Nurse 207 (57.66) 736£339
Others 28(7.80) 6.03£2.28
Elementary and below 220(61.28) 6.68+3.20 0721
Job title Intermediate 116 (3231) 6.98+3.63
Advanced 23 (641) 6.65+2.82

Single,including unmarried, divorced and widowed; SD, standard deviation; N (%), number (proportion).
This table applied the statistical methods of t-test and Pearson correlation test.
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Dimensions Reference Range of Participants’ Score in p value

China (Mean + SD) this Study (Mean + SD)
Subjective sleep quality 0632068 1232070 16449 <0.001
Sleep latency 0.70£0.86 1.48+091 16416 <0.001
Sleep duration 070058 1224082 12247 <0001
Habitual sleep efficiency 0152047 0474082 7527 <0.001
Sleep disturbance 0.90+0.44 1.07£0.55 5.745 <0.001
Use of sleeping medication 0.06+0.24 0.11£0.46 1.990 0.047
Daytime dysfunction 0732083 118091 9252 <0001
“Total score 3.88+252 6774332 16.530 <0.001

SD, standard deviation. This table applied the statistical methods of t-test.
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Variables Categories Model 1 Model 2 Model 3 Model 4

B p value p value B p value B p value

Sex (ref=male) Female 1325 <0.001 1288 <0.001 1386 <0.001 1220 0.007
Age - 0.067 0.005 0.065 0.008 0.028 0329 0.024 0476
Coronavirus

Individual layer - 0127 <0.001 [ <0.001 0114 <0.001 o4 <0.001
disease fear
Positive emotions - -0073 0.001 ~0053 0080 ~0.057 0.059 ~0051 0.100
Negative emotions - 009 <0.001 0.079 0001 0091 <0.001 0.084 <0.001

Average working

hours per week

51~70h 0012 ~1083 0016 ~1008 0032
(ref=50h and
lower)
71h and higher 0.076 0928 0.104 0.900 0.283 0735
Patients treated per
11-30 ~0870 0018 ~1019 0,005 -1026 0,007
Behavioral layer | day (ref=0-10)
31 and higher ~1.000 0016 -L173 0.005 ~1183 0.006
Work overtime
Sometimes 0346 0.406 0368 0370 0254 0541
Frequently 1842 <0.001 1.867 <0.001 1182 <0.001
Health behavior
B ~o011 0251 ~0.020 0049 ~0022 0031
score
Marital status
Married 1116 0.004 1154 0.006
Interpersonal (ref=single)
layer Perceived social
- 0025 0.107 0020 0203
support
Education level
(ref=Under College —0.246 0579
college)
>Post-graduate ~0734 0253
Income
60,001 ~120,000 0334 0478
(ref=<60,000)
120,001 and higher 1523 0016
Social layer Occupation
category Nurse 0.149 0770
(ref=Physician)
Others ~0016 0.984
Job e
(ref=Elementary Intermediate ~0.188 0.682
and below)
Advanced ~0.246 0771
R 0.206 0.268 0.295 0315

Ref, reference group. This table applied the statistical methods of hierarchical linear regression analysis
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