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Editorial on the Research Topic
 Metabolic diseases and healthy aging: prevention and public health policy based on risk factors




With the rapid global increase in aging populations, healthy aging has become a major challenge to public health worldwide. Healthy aging is defined as the process of maintaining functional ability to enable wellbeing in older age by the World Health Organization (WHO). Aging has been known to significantly increase the susceptibility of older adults to age-related diseases, including metabolic disorders. Additionally, several metabolic diseases, including diabetes, hypertension, and their complications (cardiovascular and renal diseases et al.) impose significant barriers to healthy aging. The development of these metabolic diseases can be attributed to certain risk factors, including smoking, poor dietary habits, obesity and a sedentary lifestyle. Moreover, these risk factors can also affect the aging process itself, by disrupting the balance of metabolic regulation in the body. Prompt and appropriate interventions targeting these risk factors can mitigate the impact of metabolic diseases and promote healthy aging. Therefore, understanding the complex interactions between aging and metabolic diseases is essential for improving public health outcomes in older populations.

This Research Topic focuses on exploring the associations between metabolic risk factors, chronic and metabolic diseases, and healthy aging. We wish to unveil evidence on how to prevent, treat, and manage metabolic risk factors and diseases in older adults, in order to offer recommendations for future research and policy interventions toward healthy aging and public health.

The Research Topic comprised one literature review article and nine original research articles, primarily focusing on risk factors for healthy aging, metabolic risk factors and diseases in older adults and the current state of metabolic diseases and healthy aging. These articles provide valuable insights into effective public health interventions that can bring beneficial outcomes for healthy aging and chronic metabolic diseases.

Yang, Liu et al. utilized Mendelian Randomization to explore the connection between sarcopenia and digestive system illnesses. Their findings suggested that reduced muscle mass may raise the risk of gastroesophageal reflux disease and non-alcoholic fatty liver through the exacerbation of metabolic disorders.

Mamgai et al. assessed the cardiovascular risk of a large sample from the aging population in India. Their findings indicated that rural, poor, less-educated, and diabetic individuals face higher cardiovascular risks, while regular exercise reduces this risk. Importantly, the study highlighted the need for early detection and management of hypertension, as undiagnosed hypertension poses similar cardiovascular risks.

Chen et al. provided evidence that accelerometer-based physical activity may causally lower the risk of geriatric syndromes, while sedentary behavior may increase the risk of geriatric syndromes (frailty, falls, and dysphagia), emphasizing the significance of strengthening physical activity to improve the quality of life for older adults.

Dąbek et al. conducted a questionnaire survey in Poland, to compare health behaviors between seniors attending and not attending Universities of Third Age (UTA's) classes. They found the positive impact of UTA's classes on seniors' health-promoting behaviors (e.g., physical activity, alcohol consumption, and preventive tests performance).

Wu et al. found that bone mineral density was positively correlated with cardiometabolic index (CMI), suggesting a critical role for lipid metabolism in osteoporosis. CMI may serve as a potential new marker for the diagnosis and prevention of osteoporosis by assessing lipid metabolism levels.

Ravindranath et al. demonstrated patient journeys in primary care for managing hypertension and diabetes in Kerala, India, using Levesque's access framework. They identified several factors influencing access to primary health services for these conditions, highlighting the necessity to enhance timely diagnosis, treatment, and ongoing care within the lower levels of the healthcare system. Furthermore, this study emphasized the necessity of establishing healthcare policies that closely link non-communicable diseases with their social determinants.

Zhou et al. explored the relationship between osteoporosis and multiple special diets through Mendelian Randomization analysis. They identified a significant association between a gluten-free diet and increased osteoporosis risk. Interestingly, the results suggested a hypothesis that in addition to Celiac Disease, a gluten-free diet used for its treatment may also lead to osteoporosis.

Wang et al. revealed the growing demand for “Internet + Traditional Chinese Medicine” home nursing services among older adults with chronic diseases. To provide directed and diversified Chinese medicine home care services, they recommended strengthening demand, improving the service system, and ensuring high-quality care.

Yang, Wang et al. conducted a large-sample study to explore the prevalence and influencing factors of abnormal carotid artery intima-media thickness in Henan Province, China. The results highlighted the significance of early screening for at-risk populations, particularly older men and individuals with hypertension, diabetes, or dyslipidemia.

Zhang et al. conducted an extensive review to explore the complex interaction between environmental and behavioral risk factors with metabolic diseases and their impact on healthy aging. It identified key contributors such as environmental pollutants, diet, physical activity, smoking, alcohol consumption, sleep patterns, and psychological stress, all linked to metabolic disorders and age-related complications. Moreover, they contributed important insights aimed at promoting public health and encouraging healthy aging.

This Research Topic highlights the importance of understanding risk factors associated with metabolic diseases and healthy aging. These findings provide valuable insights into prevention strategies and public health policy to promote healthy aging.
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Aging is a progressive and irreversible pathophysiological process that manifests as the decline in tissue and cellular functions, along with a significant increase in the risk of various aging-related diseases, including metabolic diseases. While advances in modern medicine have significantly promoted human health and extended human lifespan, metabolic diseases such as obesity and type 2 diabetes among the older adults pose a major challenge to global public health as societies age. Therefore, understanding the complex interaction between risk factors and metabolic diseases is crucial for promoting well-being and healthy aging. This review article explores the environmental and behavioral risk factors associated with metabolic diseases and their impact on healthy aging. The environment, including an obesogenic environment and exposure to environmental toxins, is strongly correlated with the rising prevalence of obesity and its comorbidities. Behavioral factors, such as diet, physical activity, smoking, alcohol consumption, and sleep patterns, significantly influence the risk of metabolic diseases throughout aging. Public health interventions targeting modifiable risk factors can effectively promote healthier lifestyles and prevent metabolic diseases. Collaboration between government agencies, healthcare providers and community organizations is essential for implementing these interventions and creating supportive environments that foster healthy aging.

KEYWORDS
 metabolic diseases, healthy aging, risk factors, public health, environment


1. Introduction

Aging is an ongoing and irreversible physiological process that leads to the gradual deterioration of tissue and cellular functions, increasing the susceptibility to age-related diseases, including metabolic disorders (1). While remarkable advancements in modern medicine have improved human health and extended lifespan, metabolic conditions like obesity and type 2 diabetes (T2D) continue to pose significant global public health challenges as populations age (1–5). Understanding the complex relationship between metabolic diseases and healthy aging is crucial for promoting well-being and preventing disease burden. While genetics play a role in metabolic disease development, environmental and behavioral factors also contribute significantly (6–10). An obesogenic environment, characterized by air pollution, pesticides and exposure to environmental toxins, correlates strongly with the rising prevalence of obesity and its associated comorbidities (8, 10–14). Additionally, research suggests that behavioral factors, such as dietary choices, physical activity levels, and sleep patterns, significantly influence the risk of metabolic diseases throughout aging (15–18).

Effective strategies must be implemented to promote healthy aging and prevent metabolic diseases. This involves understanding the underlying risk factors and their impact on public health, which can then inform the development of targeted interventions and policies that encourage healthier lifestyles. Public health initiatives can address these risks to promote healthier choices among the population by identifying modifiable environmental and behavioral factors (Figure 1).

[image: Figure 1]

FIGURE 1
 The interactions between aging and metabolic diseases.


This review article aims to explore the intricate relationship between metabolic diseases and healthy aging by examining the environmental and behavioral risk factors contributing to their onset and progression. By analyzing current research and existing literature, we will delve into the multifaceted nature of these diseases, considering factors such as diet, physical activity, stress, sleep patterns, and socioeconomic determinants. Furthermore, we will explore the potential of public health interventions to mitigate the impact of metabolic diseases and promote healthy aging (Table 1).



TABLE 1 Risk Factors and their relationship with metabolic diseases and aging.
[image: Table1]



2. The interactions between aging and metabolic diseases


2.1. Aging as a risk factor for metabolic diseases

Aging is a significant risk factor for developing and progressing metabolic diseases in older adults due to various physiological changes that occur with age (19, 20). These changes affect metabolic regulation and contribute to the increased risk of metabolic disorders. One notable change associated with aging is the decline in metabolic rate. If calorie intake remains constant or increases, this decline in metabolic rate can lead to weight gain, obesity and insulin resistance (IR) (21). IR refers to repaired responses to insulin stimulation in specific tissues, primarily the liver, muscles, and adipose tissues. This impairment leads to ineffective glucose utilization, prompting a compensatory increase in β-cell insulin production and ultimately resulting in hyperinsulinemia (22, 23). This age-related decline in insulin sensitivity becomes more prominent as people grow older. Moreover, aging affects body composition, leading to increased adiposity (fat accumulation) and decreased lean muscle mass (24). This shift in body composition, known as sarcopenic obesity, contributes to metabolic dysregulation and raises the risk of metabolic diseases (24, 25). Besides these factors, aging-related hormonal changes play a role in metabolic dysregulation. Aging is accompanied by a natural decline in growth hormone and insulin-like growth factor-1 (IGF-1) levels (26, 27). This reduction increases adiposity, particularly abdominal fat, while decreasing muscle mass. Lower hormone levels lead to IR, glucose intolerance (the body’s struggle to control blood glucose levels, resulting in elevated levels not yet classified as diabetes), and the potential development of diabetes (28, 29). In women, menopause triggers a substantial decrease in estrogen levels, potentially resulting in IR and an increase in abdominal fat, since estrogen renders tissues more sensitive to insulin (30, 31). Similarly, men experience a gradual decline in testosterone levels with aging, resulting in higher body fat levels, loss of muscle mass, and IR (32). These hormonal changes influence fat metabolism, insulin sensitivity, and energy expenditure, thereby increasing the risk of metabolic diseases in older adults (33, 34).

Furthermore, aging is associated with a higher prevalence of additional risk factors for metabolic diseases. Reduced physical activity, sedentary behavior, underlying genetic predispositions, and cumulative exposure to environmental factors over a lifetime increase risk in older adults (17, 35). When combined with age-related changes in metabolic regulation, these factors contribute to the bidirectional relationship between aging and metabolic diseases (6, 8, 10).



2.2. Impact of metabolic diseases on the aging process

Metabolic diseases, particularly diabetes and hypertension, significantly impact aging by accelerating age-related decline in health and functionality (19, 20). Both conditions foster systemic inflammation and oxidative stress, contributing to cellular and molecular aging (36–39). Chronic inflammation from these diseases elevates reactive oxygen species levels, inflicting cellular damage and disrupting normal functions. It also induces IR, which inhibits glucose uptake by cells and raises blood glucose levels, thereby impairing glucose metabolism and leading to complications like renal disease and cognitive decline (40–43). Diabetes causes microvascular and macrovascular damage, increasing the risk of complications such as diabetic retinopathy, peripheral neuropathy, and cardiovascular issues. These conditions impede sensory and motor functions, limit mobility, and negatively affect overall well-being (44–47). Hypertension, often related to metabolic disorders like obesity and IR, imposes strain on the cardiovascular system, accelerating aging and promoting heart-related complications (38, 39). It also exacerbates organ damage, leading to chronic conditions like kidney disease, dementia, and heart failure, thereby further speeding up the aging process when coupled with metabolic syndrome (42, 43, 48, 49).




3. Environment risk factors

Environmental pollutants, including air pollutants, pesticides, heavy metals, and endocrine-disrupting compounds (EDCs), pose substantial risks to metabolic health and can accelerate aging (12, 50, 51). Air pollution, especially fine particulate matter (PM2.5) and nitrogen dioxide has been linked to IR, inflammation, and an increased risk of metabolic disorders such as obesity, T2D, and cardiovascular disease (CVD) (13, 52). Similarly, pesticides can disrupt metabolic processes and hormonal regulation, increasing the risk of diseases like IR and obesity (12, 14). Heavy metals, such as lead, cadmium, and mercury, can also induce metabolic dysfunction and oxidative stress (50).

EDCs are present in various consumer products and can interfere with the production, transport, or metabolism of hormones. It is estimated that there are more than one thousand different EDCs. EDCs disrupt hormonal action, while metabolic disruptors affect metabolism. It is crucial to clarify that not all metabolic disruptors are EDCs. EDCs specifically pertain to substances that interfere with the hormonal aspects of metabolism (51, 53–56). Therefore, mitigating exposure to these pollutants can help reduce the risk of metabolic diseases and age-related complications.

The term “exposome” encompasses both external and internal environmental factors that impact human health. It includes the ecto-exposome, which pertains to external environmental influences, and the endo-exposome, which relates to the immediate adjacent extracellular environment. Both the ecto-exposome and the endo-exposome are conditions that support cell survival and organ/system function. According to reports, persistent organic pollutants, also known as ‘EDCs,’ interfere with the endocrine system and are found in the environment, causing lifelong exposure in certain populations (57, 58). Occupational exposure to toxins, including heavy metals, solvents, pesticides, and industrial chemicals, is a significant risk factor for metabolic diseases and healthy aging (14, 59–61). The heavy use of these toxins in industries such as manufacturing, agriculture, and mining can lead to adverse health effects like IR, dyslipidemia, impaired glucose metabolism, hormonal disruption, and altered lipid metabolism (62–64). Toxic exposure can also influence aging by promoting inflammation, DNA damage, mitochondrial dysfunction, and impairing natural defense mechanisms against oxidation, thereby accelerating cellular aging and increasing the risk of age-related diseases (12, 65–68). However, little is known about how these exposures actually affect humans or potentially affect the onset of metabolic diseases. It is critical to further explore the impact of environmental exposure on health under the concept of exposure and enforce strict safety regulations and promote adequate workplace protection to reduce these risks. Training and regular health screenings can also contribute to early detection and prevention of occupational health issues.



4. Behavior risk factors


4.1. Role of diet in metabolic diseases and healthy aging

Diet plays a significant role in the onset and progression of metabolic diseases, with varying dietary habits yielding distinct impacts on these conditions. A well-balanced diet, rich in fruits, vegetables, whole grains, lean meats, and healthy fats, contributes to weight maintenance, blood sugar regulation, lowered cholesterol levels, and reduced risk of chronic diseases (69–71). Specific dietary factors, such as the overconsumption of sugary beverages and processed foods, elevate the risk of obesity and T2D. Conversely, diets high in fiber, antioxidants and omega-3 fatty acids, along with adequate intake of micronutrients and phytochemicals, can protect against these diseases and age-related decline (72–74). Interestingly, studies in invertebrates and rodents have found that calorie or diet restriction can slow down age-related diseases and prolong life expectancy (75). Simultaneously, Longo et al. (76) demonstrated that dietary interventions, such as intermittent fasting and protein restriction, can attenuate aging and extend a healthy lifespan (73). Furthermore, the Mediterranean diet has been proven to reduce mortality from cardiovascular disease (77, 78).

Moreover, diet significantly influences gut microbiota homeostasis, impacting energy metabolism and fat storage. Imbalances in gut flora, or dysbiosis, can lead to increased energy extraction and fat storage, contributing to obesity and diabetes (79, 80). Specifically, an increase in Firmicutes and a decrease in Bacteroidetes are commonly observed in these conditions (81, 82). In addition, certain potentially harmful bacterial groups may become overrepresented. For instance, the family Enterobacteriaceae, which includes potentially harmful species such as Escherichia coli, is often found to increase in metabolic diseases (83). These bacteria can lead to inflammation and further disrupt the balance in the gut microbiota. Conversely, beneficial bacteria may decrease in metabolic diseases. Examples include Akkermansia muciniphila, known to help maintain the health of the gut lining and Bifidobacterium, a genus often used in probiotics known for its health-promoting effects (84). These bacteria produce short-chain fatty acids that help regulate metabolism and inflammation, and their reduction can exacerbate metabolic issues. Positive dietary interventions, such as increasing the intake of prebiotic fibers and probiotic-rich foods, can help maintain healthy gut microbiota and promote healthy aging (85, 86). Additionally, age-related dysbiosis is linked to inflammation, promoting metabolic disorders and frailty, accelerating aging (87, 88). Understanding the intricate relationship between diet, gut flora, and overall health is crucial for mitigating metabolic diseases and fostering healthier aging outcomes.



4.2. Influence of physical activity and sedentary behavior on metabolic health

Declining activity and unhealthful changes in body composition are linked to aging. Physical activity and sedentary behavior have significant impacts on metabolic health.

Exercise prevents many chronic diseases and mitigates certain undesirable physiological changes brought on by aging. Interestingly, the impact of physical training on the reward system is a topic of growing interest. Engaging in regular physical activity reduces the motivation to seek unhealthy rewards like high-fat, sugary foods, and drugs. Additionally, it changes attitudes toward overeating, making individuals more mindful of their food choices. This transformation promotes healthier lifestyle preferences (89, 90).

Regular exercise also promotes glucose metabolism by increasing cells’ sensitivity to insulin, reducing the risk of developing T2D characterized by IR (91–93). Engaging in aerobic exercise training, such as brisk walking, jogging, swimming, wheel running, or cycling, increases energy expenditure, promotes cardiovascular health, and aids in weight management (94–96). Studies in the natural aging mouse model (C57BL/J6) have shown that early lifelong aerobic exercise training is crucial in preventing age-related issues, including muscle loss, decreased motility, and testicular atrophy, along with overall organ pathology (97). Testicular atrophy, the shrinking of testicles, can impact reproductive health. The findings highlight that aerobic exercise, when initiated early in life, can effectively mitigate these age-related challenges. Moreover, early-onset, lifelong running can inhibit inflammation, prevent multiple types of cancer, and prolong the healthy lifespan of naturally aging mice (97). The wheel running exercise can improve insulin sensitivity and treat IR in aging rats by restoring the role of hepatic insulin sensitizing substance. This substance is also known as hepatalin, a liver-produced hormone that enhances insulin sensitivity, particularly in skeletal muscle, promoting glucose storage as glycogen and contributing to the post-meal glucose disposal effect of insulin (53, 98). Resistance training, including weightlifting, improves metabolic health by enhancing muscle strength and mass, leading to an increased resting metabolic rate and insulin sensitivity (99, 100).

The World Health Organization recommends that adults engage in at least 150 min of moderate-intensity aerobic exercise or 75 min of vigorous exercise per week, or a combination of both (101, 102). It is well known that the level and intensity of physical activity decline as humans age, and during long-term aging, exercise affects changes in body weight and body composition in a gender-dependent manner (103). In women, estrogen plays a crucial role in regulating various aspects of metabolism. Estrogens regulate fat development by inhibiting preadipocyte differentiation, reducing lipolysis, favoring subcutaneous fat storage, and influencing energy expenditure. They boost the basal metabolic rate and can help maintain a healthy weight (104, 105). However, during menopause, declining estrogen levels can lead to increased abdominal fat accumulation. Studies in humans and rodents have shown that reduced estrogen production leads to IR and inflammation, and exercise relieves glucose intolerance and IR (106, 107). Moreover, estrogen deficiency in postmenopausal women and ovariectomized rodents results in increased respiratory exchange rate levels, decreased lipid oxidation, and increased carbohydrate oxidation during rest and exercise, accelerated cell senescence, and impaired bone formation (108, 109). Similarly, changes in male muscle mass, physical activity level, body weight, and fat percentage are closely related to testosterone. A decrease in testosterone levels will lead to an increase in body fat and a decrease in physical activity level (110, 111).

Conversely, a sedentary lifestyle characterized by prolonged sitting or inactivity is associated with an elevated risk of metabolic diseases, including obesity, T2D, and cardiovascular problems (112–114). Sedentary behavior leads to weight gain, reduced muscle mass, and impaired glucose and lipid metabolism (115, 116). It is important to note that even individuals who engage in regular exercise may still be at risk if they spend prolonged periods sitting or being inactive throughout the day (35). To promote metabolic health, it is crucial to incorporate regular physical activity into daily routines. This can include structured exercise sessions, such as workouts or sports, as well as simple lifestyle modifications like choosing to take the stairs instead of the elevator, walking or cycling for transportation, incorporating movement breaks during extended periods of sitting (117, 118). Elderly people are encouraged to walk to shopping when supermarkets are less than a kilometer away, as it is often the preferred mode of transportation over driving a car for their shopping needs (119).



4.3. Smoking and its association with metabolic diseases and aging

Tobacco smoking significantly elevates the risk for metabolic diseases and negatively affects the aging process. Cigarette smoke contains harmful compounds such as nicotine, carbon monoxide, and carcinogens that damage tissues and organs throughout the body. Smoking is linked to metabolic diseases like T2D, IR, obesity, and CVD, primarily due to nicotine’s contribution to IR and impaired glucose metabolism (120–123). In addition, smoking induces inflammation, oxidative stress, and endothelial dysfunction, leading to blood vessel damage and an increased risk of CVD (121, 124, 125). It also accelerates aging, causing premature skin aging, impaired wound healing, and elevating the risk of age-related conditions like osteoporosis and cognitive decline (126–128). Quitting smoking is crucial for reducing metabolic disease risk and promoting healthy aging. Immediate benefits post-cessation includes improved lung function, cardiovascular health, and overall well-being (129, 130).



4.4. Alcohol consumption and its impact on metabolic health in aging populations

Alcohol consumption’s impact on metabolic health hinges on individual factors and the quantity consumed. While moderate consumption might confer some cardiovascular benefits, excessive and chronic alcohol intake poses severe risks to metabolic health, particularly in aging populations (131). Heavy alcohol use promotes weight gain and obesity due to its caloric density and effects on appetite regulation. It also disrupts glucose metabolism, escalating the risk of IR and T2D (131–133). Toxic byproducts from alcohol metabolism can harm the liver, resulting in fatty liver disease, alcoholic hepatitis, and cirrhosis. Such chronic abuse hampers liver function, negatively impacting nutrient and medication metabolism and clearance, exacerbating metabolic health concerns (134, 135). Furthermore, alcohol can impede the absorption and utilization of essential nutrients, including vitamins and minerals, that are critical for maintaining metabolic health (136). Thus, for maintaining metabolic health in aging populations, it is recommended to moderate alcohol intake (131). Nonetheless, personal health conditions, medications, and other variables may necessitate adjustments to these guidelines, warranting consultation with a healthcare professional.



4.5. Sleep patterns and their relationship with metabolic diseases and aging

Sleep quality and patterns profoundly affect metabolic health and the aging process. Chronic sleep deprivation and disturbances are linked to increased metabolic disease risk and accelerated aging-related complications (137–139). Insufficient sleep and poor sleep quality can lead to obesity, T2D, CVD, and other metabolic disorders, primarily through disturbances in hormonal regulation of appetite and glucose metabolism (140–142). Sleep disruptions can also disrupt the body’s circadian rhythm, which regulates metabolic processes. These disturbances, such as shift work or irregular sleep schedules, contribute to metabolic dysregulation, hormonal imbalances, and increased inflammation (143, 144). Moreover, inadequate sleep impairs cognitive function and memory consolidation, which are essential for healthy aging (145, 146). Thus, promoting good sleep hygiene, including maintaining a consistent sleep schedule, creating a comfortable sleep environment, and using relaxation techniques, is crucial. Ensuring sufficient sleep duration, typically 7–9 h for adults, and seeking professional help for sleep disorders can support metabolic health and healthy aging.



4.6. The role of psychological stress and mental health in metabolic diseases and aging

Psychological stress and mental health significantly influence metabolic diseases and aging. Stress, depression, anxiety, and other mental health conditions are linked with metabolic diseases and can hasten the aging process (147–150). Stress and negative emotions can incite unhealthy behaviors such as overeating and inactivity, leading to obesity and related metabolic disorders (151, 152). Moreover, chronic stress disrupts hormonal balance, impairing the body’s ability to regulate blood sugar and manage inflammation (153). Recognizing the interplay between mental and physical health, public health initiatives should equally emphasize mental well-being. Promoting stress management, access to mental health services, and lifestyle changes that foster overall health could enhance interventions targeting healthy aging and metabolic disease prevention.




5. Promoting public health for healthy aging

Healthy aging is the focus of the World Health Organization’s aging policy by 2030 (154). The development of clear and targeted public health interventions is essential for mitigating the rising prevalence of metabolic diseases and promoting healthy aging.

These interventions should tackle determinants of metabolic diseases such as unhealthy dietary patterns, sedentary lifestyles, tobacco use, and environmental factors to effectively reduce their incidence and complications (7, 10, 35, 121, 124). Long-term healthy aging approaches require prevention throughout the life course. Specific public health strategies include: building strong social support systems, promoting health literacy promotion and lifestyle awareness and health education for older adult that can empower individuals to prevent metabolic diseases (155). Policies facilitating access to affordable, nutritious food, such as nutrition education, labeling requirements, and restrictions on marketing unhealthy foods have shown effectiveness in preventing metabolic diseases (156, 157).

Promoting physical activity or community volunteer work through community initiatives, workplace wellness programs, and accessible recreational facilities can improve metabolic health by maintaining healthy weight and enhancing insulin sensitivity. Infrastructure that prioritizes active transportation, green spaces, and safe recreational areas can further promote activity and reduce sedentary behavior (158, 159). Additionally, lifelong health promotion and disease prevention activities can help prevent or delay the onset and progression of metabolic diseases. The government should enhance and improve the healthcare system and primary healthcare services. Implementing regular routine screenings for middle-aged and elderly individuals can lead to the early detection and timely intervention of metabolic diseases, thereby minimizing their consequences. Furthermore, providing long-term, effective treatment, nursing care, and psychological support for patients with advanced diseases can enhance their sense of social well-being (160). Health regulations are also critical for promoting healthy aging and metabolic disease prevention. Therefore, a combination of multi-sectoral initiatives can create an environment that supports healthy behavior and promotes public health and healthy aging.

This article has certain limitations. It offers a comprehensive overview of metabolic diseases, but it fails to carry out in-depth analysis of the molecular processes associated with healthy aging and account for individual differences and subtle nuances, such as genetic factors and socio-economic circumstances. These elements play a significant role in the risk and progression of these diseases. Moreover, due to the complexity of the system and confounding variables, determining the causality between environmental/behavioral factors and metabolic diseases presents a challenge. For a complete understanding of metabolic diseases and healthy aging, further research and personalized assessments are critically essential.



6. Conclusion

In summary, this review article emphasizes the important contribution of environmental and behavioral risk factors to the emergence of metabolic diseases and healthy aging. Key risk factors, including diet, physical activity, smoking, alcohol consumption, environmental pollutants, and sleep patterns, have been identified and linked to various metabolic disorders and age-related complications. The findings underscore the importance of public health interventions in addressing metabolic diseases and promoting healthy aging. Further research is needed to understand risk factor interactions, mechanisms, and intervention effects. Addressing metabolic diseases is vital for healthy aging, reducing chronic conditions, and improving quality of life. A holistic approach combining behavior changes, supportive environments, and public health interventions can lead to a healthier future with lower metabolic disease rates and improved well-being in aging populations.
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Background: In the context of global aging, the characteristics of chronic diseases seriously affect the quality of life of older adults. It is urgent to carry out continuous nursing basis for older adult patients with chronic diseases. In view of the remarkable efficacy of Chinese medicine in the treatment of chronic diseases, this study may help to understand the demand for “Internet + Chinese medicine” home care service and its influencing factors of older adult chronic disease patients, and to provide a reference basis for improving the quality of life of the older adult chronic disease population.

Methods: This is a mixed study. The quantitative study adopted the convenience sampling method, and a total of 308 patients in a third-grade hospital in Shaanxi Province were investigated by general data questionnaire, traditional Chinese medicine service demand questionnaire, traditional Chinese medicine knowledge questionnaire, older adult Chinese medicine attitude questionnaire, and home care demand questionnaire from March to April 2022. In the qualitative study, semi-structured interviews were adopted, and patients were interviewed until the content was saturated. Colaizzi analysis method was used to analyze and summarize the topic of the interview data.

Results: 308 valid questionnaires were collected, and the patients scored (58.42 ± 17.16) on the demand for TCM nursing services, (59.86 ± 11.54) on the knowledge of TCM, (73.03 ± 9.11) on the attitude toward TCM, and (136.84 ± 46.39) on the demand for home care. The results of multiple linear regression showed that learning about the nursing service pathway, knowledge of general knowledge of Chinese medicine, and attitude toward Chinese medicine among the older adult and home care demand were the influencing factors of the demand for Chinese medicine nursing services for older adult patients with chronic diseases (p < 0.05). The results of the in-depth interviews were summarized into three themes: facilitating factor, hindering factor, and the “Internet + Chinese medicine” multiple needs of home care.

Conclusion: Older adult patients with chronic diseases have a high intention of home care demand and they are affected by multiple factors. Consequently, the actual demand situation of older adult patients with chronic diseases should be used as a guide to provide directed and diversified Chinese medicine home care services to meet the individualized needs of the older adult.

KEYWORDS
 chronic disease, internet, Chinese medicine, home care, needs


1. Introduction

Population aging has become a global problem and exerted heavy burdens on the health care system and society. By 2030, the world is likely to have 1 billion people aged 65 years or older, accounting for 13% of the total population (1, 2). As the world’s most populated country, China is facing a major challenge due to the aging population. China’s aging population is estimated to increase at a rate of 5.96 million per year from 2001 to 2020 and then 6.2 million per year from 2021 to 2050, and is expected to exceed 400 million by 2050, accounting for 30% of its total population (3). According to the survey, the death of chronic disease population accounts for 89.82% of total deaths (4). With the increase of average life expectancy, the frequent occurrence of chronic diseases is increasing year by year, such as diabetes, cardiovascular disease, chronic obstructive pulmonary disease, and cancer, which will become an important challenge for the aging society (5, 6).

Older people are vulnerable and have complex health care needs, especially during the transition from hospital to home, which is a vulnerable time for older people. In addition to social reintegration and family reintegration, there is a need to find new care options to maintain the disease (7). Chronic diseases are long-lasting, slow to progress, and often associated with multiple states. Older adults with chronic conditions have ongoing complex care needs that require multiple care settings. Their lifestyle is characterized by frequent changes in health, high rates of rehospitalization, and the long-term involvement of family and health care providers in their care.

With the advancement of wearable health devices, cloud computing, mobile technologies, and Internet of Things, mobile health (m-Health) is rapidly developing and shows a promising future in the management of chronic diseases. Its advantages include its ability to improve the quality of care, reduce the costs of care, and improve treatment outcomes by transferring in-hospital treatment to patient-centered medical treatment at home. M-Health could also enhance the international cooperation of medical providers in different time zones and the sharing of high-quality medical service resources between developed and developing countries (8). Home nursing service is an important part of extended nursing services, which refers to that the community nurses come to the patient’s home to provide continuous and systematic basic medical care services under the premise of medical advice. Studies have shown that home care services for older adult patients, taking into account both physical and psychological care, can reduce the burden of disease, solve or improve the health problems of older adult patients, and promote healthy aging. At the same time, it can also make up for the lack of child care and reduce the burden of family life. Therefore, the demand for home care services for older adults gradually increasing, and home care services are imperative.

However, the uneven distribution of caregivers and critical health care workforce shortages are major obstacles to improving disease outcome. Most older adult patients with chronic diseases require long-term out-of-hospital medical care, so there is a greater demand for out-of-hospital care (9, 10). Home care is an extended service after discharge, mainly through the intervention operation of the professional team of home nursing, which can provide highly targeted nursing services for older adult patients with chronic diseases (11). Older adult patients with chronic diseases have low immunity and many underlying diseases, according to the previous health care work more emphasis on care and maintenance during hospitalization, while ignoring the basic health care of patients after discharge. Tele-medicine, e-health, and m-health scenarios can improve health outcomes, quality of life, and well-being and facilitate functional patient empowerment and engagement.

Internationally, the United States, Canada, Australia, and Japan have developed relatively mature home care service models with their own unique characteristics (12). These countries have similar home care service processes, but each has its own characteristics in terms of home care providers and service content. Home health agencies in the United States are the only Medicare-certified providers allowed to provide skilled nursing care for acute, chronic, and rehabilitative conditions in people’s homes, with more than 12,300 home-based agencies participating in Medicare in 2015 and approximately 3.5 million Medicare beneficiaries receiving services (13). Most regions of France have begun piloting the inclusion of informal caregivers and social workers from informal healthcare organizations into the assistance system to assist healthcare workers (14). In developed countries abroad, the place of treatment has shifted from hospitals to community-based outpatient clinics and homes, and home care for cancer pain is undertaken by specialized home care teams or agencies (15). Japan promotes a community-based integrated care system, provides financial support through long-term care insurance, and establishes home care visiting stations to provide a variety of home care services to discharged patients (16). In Poland, home pain management nurses, hospital nurses, professional family caregivers, and family members are involved in home care, taking on tasks such as health education, medical counseling, promoting rehabilitation, and rational allocation of medical resources (17). From foreign experience, scientific allocation of home care services and human resources can improve patients’ quality of life and satisfaction and promote efficient utilization of limited health resources (18, 19).

A prior literature review also found that the implementation of various home care models in the international arena is a specific model of home care under a unique policy and health insurance system and has its own advantages and disadvantages. Models in which private and social insurance pays and private agencies provide services (United States model). A model in which the government pays and private agencies provide services (the Canadian model). A model in which the government and the individual jointly pay for and diversify the service providers (Australian model). The model of insurance payment and diversified service providers (Japanese model). However, the health care policy and medical insurance system implemented in China are very different from those of other countries, and the contents of our home care programs are scattered in both theory and practice, without forming a scientific and unified model of home care. Therefore, it is not possible to completely copy the foreign home care model, but to utilize the experience of each country to establish a TCM home care model to meet the specialized care needs of home patients, to reduce the burden on the family and society, and to improve the quality of life of the patients.

The innovation of this study is the effective combination of medical association, “Internet + Chinese medicine” and home care. Older adult patients with chronic diseases, as the disseminator of Chinese medicine culture, utilize the “Internet + ” technology, and gradually spread the unique advantages of Chinese medicine among the community patient groups. Utilizing the “Internet Plus” technology, the unique advantages of Chinese medicine are gradually widely disseminated among the community patient groups, thus promoting the sustainable development of the Chinese medicine cause. Adopting a combination of qualitative and quantitative methods, we have gained an in-depth understanding of the needs of older adult patients with chronic diseases for TCM home care services. Through the penetration and integration of TCM technology and home care, we can help patients solve the problems of lack of self-care knowledge and insufficient nursing support after discharge from hospitals in a timely manner, so as to ensure the continuity and timeliness of the service and effectively improve the quality of life of older adult chronic disease patients.

The convenience and effectiveness of “Internet + Traditional Chinese medicine” nursing shows its unique superiority in prevention and treatment, convalescence, rehabilitation, etc. It has outstanding intervention effect on chronic diseases of older adults and can break through the limitations of traditional nursing service mode, and its nursing mode has been recognized and advocated by many scholars (20). However, “Internet + TCM” is currently limited to online appointment registration, patients still need to go to the hospital by themselves, for people still need to improve the convenience, with the concept of continuous nursing in recent years, making “TCM + home service” possible. The unique efficacy of TCM in the chronic disease prevention and treatment system has become a necessary way to consolidate primary health services, and the expansion and extension of the nursing service field has been urgently needed (21). As there are fewer studies on online home care services of TCM, this study integrates quantitative and qualitative findings to explore the current situation of demand for home care services of older adult patients with chronic diseases and the factors influencing it, and to provide reference for the construction of the “Internet + TCM” home care services, with a view to providing reference for the management of chronic diseases and the development of home care services of Chinese medicine.



2. Materials and methods


2.1. Research object

This study selected 308 older adult patients with chronic diseases who met the inclusion and exclusion criteria in seven departments, including geriatrics, cerebral diseases, cardiology, and endocrinology, of Shaanxi Provincial Hospital of Traditional Chinese Medicine from 2022-03-01 to 2022-04-30 as the subjects of the survey. Purposive sampling method was used in the interview part to determine the final inclusion of the interview subjects in this study based on the principle of reaching saturation of information. A total of 25 patients were finally interviewed.

Inclusion criteria: ① Age ≥ 60 years old. ② Medically diagnosed with Chronic diseases such as stroke, coronary heart disease, diabetes, etc. ③ History of the disease is more than 2 years. ④ Score of self-care ability >60 points. ⑤ Ability to read, communicate, and understand, and be able to give informed consent.

Exclusion criteria: ① Combined with malignant tumors or serious organic diseases.② Speech and language disorders and serious audio-visual disorders.


2.1.1. Sample size calculation

Based on the sample size calculation formula of cross-sectional study:

[image: image]

Calculated by “the demand for home care services for older adult patients,” (significance level = 0.05, Z = 1.96, refer to the related literature p = 58.9%, q = 1−p, and d = 0.1p) the minimum calculation value of the sample size is about 268 cases. The minimum calculated value was about 268 cases and considering 15% invalid questionnaires, the study finally selected 308 older adult patients with chronic diseases for the survey. The study was approved by the hospital ethics committee.




2.2. Research methods


2.2.1. Quantitative research

According to the purpose of this study, a general data questionnaire was designed by searching a large number of domestic and foreign literatures on home nursing, combining China’s national conditions and the characteristics of chronic diseases in older adults. The content of the questionnaire was verified by six experts, and a preliminary survey was conducted on 50 patients before the formal survey. According to the problems found in the preliminary survey, the questionnaire was further screened and revised, and the following five scales were finalized.


2.2.1.1. General information questionnaire

Sixteen items including age, sex, residence, education level, degree of understanding of the contents of the “Internet + TCM” nursing home service approach, how to learn about the “Internet + nursing home service,” and what are the concerns about carrying out the “Internet + TCM” nursing home service etc.



2.2.1.2. Questionnaire on the demand for Chinese medicine services

The scale was compiled by Du (22) to assess the older adult’s demand for TCM characteristic services, with a total of 17 items. The degree of demand is mainly defined according to the number of items of TCM characteristic services needed by older adults: no need at all, no need for TCM characteristic services; Not very need, need a traditional Chinese medicine characteristic service; General need, need 2–3 TCM characteristic services; For those in need, 4–5 TCM characteristic services are needed; Very need, need more than five TCM characteristic services. According to Likert’s five-point scale, it is divided into very needed (five points), needed (four points), average (three points), less needed (two points), and not needed (one point). The higher the score, the higher the demand. In this study, the Cronbach’s ɑ coefficient was 0.976, half reliability was 0.937, and a KMO value was 0.945, p < 0.01.



2.2.1.3. Questionnaire on general knowledge of Chinese medicine

This questionnaire was developed by Ren (23). The objective is to understand the general knowledge of traditional Chinese medicine in older adults and explore the relationship between it and the attitude toward traditional Chinese medicine. The content of the questionnaire includes the knowledge of 10 aspects such as the basic characteristics of traditional Chinese medicine and basic diagnosis and treatment methods. Each item is scored on a Likert four-scale according to the degree of knowledge, where those who choose “fully know” and “basically know” are recorded as knowing, and those who choose not know are not aware. Each item was scored with 2.5–10 points respectively, and the total score of the item was 100 points. The final score was analyzed by SPSS project, and the score was arranged in descending order, with the front and back 27% as high and low level, and the middle 46% as medium level. In this study, the Cronbach’s ɑ coefficient was 0.894, with a half reliability of 0.701, and a KMO value of 0.886, p < 0.01.



2.2.1.4. Attitude scale of traditional Chinese medicine for older adults

This scale was compiled by Liu (24) to understand the attitude of older adults towards traditional Chinese medicine. The scale was developed by item screening, factor load detection, factor number determination, and SPSS classification processing. It was composed of three dimensions, namely “cognition of current situation of Chinese medicine,” “emotional belief of Chinese medicine,” and “tendency of seeking medical treatment with Chinese medicine,” among which the dimension of “cognition of current situation of Chinese medicine” contained 10 items, and was evaluated from the perspective of older adult people’s perception of Chinese medicine service level. The “Emotional Beliefs of Traditional Chinese Medicine” contains 12 items, which are assessed by older adult’s trust in the clinical efficacy and price advantages of traditional Chinese medicine. The “Tendency to seek medical Treatment with Traditional Chinese Medicine” consists of three items, which mainly assess the degree of propensity to traditional Chinese medicine when older adults are sick themselves and their family members. There are a total of 25 items, ranging from agree to disagree, with scores ranging from 1 to 4 points. The cognitive dimension of TCM status is negative, and the total score is 100 points. In this study, the Cronbach’s ɑ coefficient was 0.827, half reliability was 0.658, and a KMO value was 0.831, p < 0.01.



2.2.1.5. Questionnaire on home care needs of patients with chronic diseases

The questionnaire was compiled by Tian (25) to analyze the home nursing needs of discharged patients with chronic diseases, including clinical nursing (12 items), health guidance (13 items), rehabilitation nursing (five items), life nursing (10 items), and psychological nursing (2 items), with a total of 42 items. Likert 3 scoring method was adopted for the questionnaire, which was divided into need (five points), indifferent (three points), and do not need (one point), with a total score of 210 points. The score value obtained by all items in each aspect is summed and the average score is taken as the score value of this aspect (because the number of items contained in each aspect is different, the average value of items is taken to represent the score value of this aspect); The score values obtained by all items are summed and averaged as the score value of total demand. The higher the score, the higher the demand for home care. In this study, the Cronbach’s ɑ coefficient was 0.973, half reliability was 0.928, and a KMO value was 0.886, p < 0.01.




2.2.2. Qualitative research

Based on the literature review, the interview outline was initially formulated according to the research purpose. Combined with experts’ opinions and after pre-interviewing three older adult patients with chronic diseases, the research team repeatedly discussed and revised the final interview outline as follows:

Please tell us about your understanding and willingness to accept the “Internet + Chinese medicine” home care service. (2) What are the benefits to you if the “Internet + Chinese medicine” home care service is carried out? (3) What difficulties or problems will you encounter if the “Internet + Chinese Medicine” home care service is launched? (4) Please tell us what medical and nursing services and TCM nursing techniques you would like to receive in the development of “Internet + TCM” home nursing service for your disease? (5) What needs or suggestions do you have for the development of “Internet + TCM” home care service?



2.2.3. Data collection


2.2.3.1. Quantitative study

The survey was implemented in a one-to-one on-site format. Prior to the survey, a trained investigator explained the purpose and significance of the study to the patient in detail. They sign informed consent questionnaires, which are handed out to patients in person by investigators who can assist patients who cannot fill out the questionnaires themselves. Check immediately after filling, fill and correct in time.



2.2.3.2. Qualitative research

Semi-structured interviews were used, in which the researcher explained the purpose and content of the interview to the interviewer, and audio-recorded the content of the interview with his informed consent. Each interview lasted about 30 min, and non-verbal behaviors such as facial expressions and body movements were recorded in a timely manner. Within 24 h after the interview, the audio recordings were promptly transformed into written texts, and the content of the subsequent interviews was adjusted according to the situation of each interview.




2.2.4. Statistical analysis


2.2.4.1. Quantitative research

Excel was used to input the questionnaire and establish the database. SPSS 26.0 was used for statistical analysis. Describe categorical variables in terms of frequency and percentage. Normal test was performed on all scale data. If normal distribution was followed, the mean and standard deviation were used to describe continuous variables; otherwise, the median and interquartile distances were used. Independent sample t and one-way ANOVA were used to analyze the demand for traditional Chinese medicine nursing services. Data that met normal distribution and homogeneity of variance were analyzed by using two-independent sample t test and ANOVA. Data that did not meet normal and homogeneity of variance were analyzed by non-parametric test. Mann–Whitney U test and Kruskal-Wallis H test were used. Pearson or Spearman correlation was used to analyze the correlation between TCM nursing service demand, TCM knowledge, TCM attitude, and home nursing demand of chronic disease patients. Taking TCM nursing service demand score as dependent variable, the results of univariate analysis and correlation analysis were put into the equation, variables with significant differences were selected as independent variables, and the main influencing factors were determined by multiple linear stepwise regression analysis. All the above tests were conducted by bilateral test, the test level was a = 0.05, and p < 0.05 was considered to be statistically significant. Cronbach’s Alpha and KMO were obtained through the reliability analysis and validity analysis of the four scales.



2.2.4.2. Qualitative research

A semi-structured interview was used, in which the investigator told the interviewer about the purpose and content of the interview and recorded it with their informed consent. Each interview time was approximately 30 min. After the interviews, the interviews were converted into text verbatim and sentence-by-sentence within 24 h by two researchers. The information was organized and analyzed using the colaizzi seven-step analysis method (26). The data were managed and analyzed with the help of Nvivo 12 Plus software.




2.2.5. Ethical approval

All participants were informed of the purpose of the study and obtained written informed consent prior to the survey and interview. The participants voluntarily chose to participate in this study and were free to drop out. The electronic information submitted was anonymous, and only the researchers had access to data. The Ethics Committee of the Shaanxi Provincial Hospital of Traditional Chinese Medicine, Shaanxi Province, China approved this study.





3. Results


3.1. Quantitative findings


3.1.1. General information of respondents and one-way analysis of factors


3.1.1.1. General information of survey respondents

A total of 308 questionnaires were distributed in this study, and 308 valid questionnaires were recovered, with a valid recovery rate of 100%. The age of these 308 older adult patients with chronic diseases was 60–93 (71.06 ± 7.30) years old; the highest concern about the development of Internet + nursing home service was the high cost of the service 144 (46.8%); and the willingness to choose nurses’ home service was 227 (72.7%), uncertainty 63 (20.5%), and unwillingness 21 (6.8%). The general information of the survey respondents is shown in Supplementary Table 1.




3.1.2. Older adult patients with chronic diseases need for Chinese medicine nursing service, Chinese medicine awareness, Chinese medicine attitude, and home nursing service demand score

The demand score of TCM nursing service was (58.42 ± 17.16) points. The Chinese medicine knowledge score was (59.86 ± 11.54). The score of TCM attitude was (73.03 ± 9.11), the score of TCM status cognition dimension was (24.18 ± 3.97), the score of TCM emotional belief dimension was (39.86 ± 5.60), and the score of TCM tendency to seek medical treatment dimension was (8.99 ± 2.31). The score of home nursing demand was (136.84 ± 46.39), the score of clinical nursing dimension was (36.62 ± 15.10), the score of health guidance dimension was (50.30 ± 14.93), the score of rehabilitation nursing dimension was (18.08 ± 7.03), and the score of life nursing dimension was (25.60 ± 12.76). The psychological nursing dimension score was (6.23 ± 3.16). Through the items of therapeutic effect, selection tendency, frequency of use, and cognition of Chinese medicine by older adults, we have a good practical use and feeling in the Chinese medicine diagnosis and treatment of older adult patients with chronic diseases.



3.1.3. Multiple regression analysis of the demand for TCM nursing services for older adult patients with chronic diseases

Stepwise multiple linear regression analysis was carried out with the total demand for Chinese medicine nursing service of older adult chronic disease patients as the dependent variable, and the variables with statistically significant differences in the univariate and correlation analyses as the independent variables. The results showed that the facilitating factors were the attitudes of older adults toward Chinese medicine, the obstructing factors were the awareness of the current status of Chinese medicine and digital literacy, and the demand factors were the degree of demand for home care services, which were the influencing factors of the demand for Chinese medicine care services for older adult patients with chronic diseases (p < 0.05). The variable assignments are shown in Table 1, and the results of regression analysis are shown in Table 2.



TABLE 1 Assigns and variables.
[image: Table1]



TABLE 2 Results of multiple linear regression analysis (n = 308).
[image: Table2]




3.2. Qualitative findings


3.2.1. Theme 1: facilitating factors


3.2.1.1. Stronger willingness to participate

Most of the patients expressed their willingness to participate in the “Internet + TCM “home care service model in the interviews. N6: “Now sometimes the bed is not available, you have such good conditions and good services, of course I am willing.” N16: “Acceptable, I feel quite good, for those who cannot move freely, cannot take care of themselves, or you are not very convenient, like this situation home care is very good.” N1: “Then surely there is a network form of that would be better, there are people who value a little bit, a little bit of economic stability, that’s surely a good thing, TCM home care, this trend is good.”



3.2.1.2. Perceived usefulness

Interviewed patients generally agree that “Internet + Chinese medicine” home care has the characteristics of convenience and professional service, in addition, patients believe that Chinese medicine care technology has better advantages and effects on chronic diseases. In addition, “Internet + TCM” home care can provide patients with psychological care. N5: “I think it’s good, actually it’s very convenient for the patients, it’s better for the people.” N10: “It is inconvenient to queue up at the hospital. We should develop Chinese medicine home treatment, I think it’s good.” N19: “Our own massage is definitely not as good as a professional one.”




3.2.2. Theme 2: obstacles factors


3.2.2.1. Cognitive limitations

The interviewed patients have only a superficial understanding of the “Internet + Chinese medicine” home care service model, and have no in-depth knowledge of it. N9: “I have only seen it in the media, on TV, on the bulletin boards, but I have not knew anything else about it, so my knowledge of it is quite shallow.” N11: “If you look at people like us who can move on our own, we do not usually need home care. Those who generally need home care are those who lie in bed and are basically immobile.” N22: “I’ve heard of it by chance, but I think it’s quite far away from me, and I have not taken it into consideration. Whether it can be involved depends on the financial situation of the family.”



3.2.2.2. Low level of digital literacy

Introducing the “Internet + TCM” home care model to patients before the interview. Older adult patients with chronic diseases have relatively less access to cell phones and the Internet, and their ability to use cell phones is limited, resulting in a lower level of digital literacy, which hinders the willingness of some patients to participate in the “Internet + Chinese medicine” home care service. N4: “I cannot go on the Internet, but I usually come to the hospital when it’s time. It’s hard for me to understand some of the online operations, no way.” N5: “The hospital sometimes has some medical information on the public number, but I do not have to add these public numbers, I do not know how to do this.”



3.2.2.3. Cost of services and geographical factors

The cost of diagnosis and treatment, geographical and transportation barriers, and the lack of institutions and equipment make it difficult and challenging to carry out “Internet + TCM” home care services at this stage. N8: “This is because the older adult people have to consider the issue of cost, and participation in health insurance must be considered.” N21: “This and some of the country’s policies are related to various aspects, for example, now like family wards or community hospitals, the government has to do that.” The community does not have these facilities yet, this service model, first of all this institution has to be available. N12: “It would be better for urban or urban–rural areas. Because people live more sparsely, the population is not so full, and in addition people are more dispersed, and the medical conditions are limited in rural areas.”




3.2.3. Theme 3: multiple needs of “Internet + TCM” home care


3.2.3.1. Demand for the provision of diversified care programs

“Internet + Chinese medicine” home care needs to provide Chinese medicine nursing appropriate technology, basic care, Chinese and Western medicine combined care, health guidance, and other comprehensive and systematic care programs. N21: “For example, some simple physical therapy, infusion, these are all possible.” N8: “The best is more complete, incorporating both conventional Western therapy and Chinese medicine.” N12: “Look at the treatment of disease, it is comprehensive treatment, you cannot say that Western medicine is good and take away Chinese medicine, Chairman Mao has said that we should combine Chinese and Western medicine.” N9: “I think if I can really do it, in fact, according to my current situation, my problem is not very serious, if I really encounter some problems, I can consult you.”



3.2.3.2. Dialectical care and the need for quality care

Some patients expect “Internet + Chinese medicine” home care in the implementation of the process of nursing staff can be based on the actual situation of the patient’s condition dialectical care, and enjoy quality care services. N14: “If traditional Chinese medicine home care can really care for the actual situation of the patient’s condition, the effect must be obvious.” N22: “Home care needs a good attitude and service, and the technology is slightly excellent. Because Chinese medicine itself is the treatment of chronic diseases and health care, the effect is slightly slower, if the technology is not good, you cannot see the effect.”



3.2.3.3. The need to improve the health insurance and service system

The health insurance reimbursement system in the “Internet + nursing” field is still in the exploration stage, only some developed regions to carry out pilot projects, has not yet been fully promoted and implemented, the patient hopes that the health insurance will included the “Internet + Chinese medicine” home care field while constructing the formation of the “Internet + Chinese medicine” home care management network demand. N8: “I think it’s still medical insurance, and it would be nice if it could participate, but I think it would be a bigger percentage.” N17: “Because most of the older adult now have health insurance, home care and health insurance are linked, and home care can be reimbursed as part of the reimbursement.” N15: “I suggest that this must not be copied, but must be based on the needs, according to the characteristics of the local community, that is, it is necessary to establish a targeted, distinctive model in line with the national conditions, local characteristics of the model.” N16: “To form a management network, a service network, for ex ample, in this region you include all the outlets that can be involved, then the service is a little bit easier.”






4. Discussion


4.1. Strengthening the demand for care and enhancing facilitating factors

The results of the quantitative study showed that 72.7% of the respondents were willing to receive home care services from nurses, and it was also understood through interviews that patients had a positive attitude towards it, similar to the results of previous studies (27, 28). This indicates that patients have a high demand for “Internet + TCM” home care. The reason for this may be related to the fact that “Internet + TCM” nursing can enable patients to enjoy high-quality medical services conveniently and optimize the allocation of medical resources.

Perceived usefulness refers to the extent to which users believe that the application system can improve their work efficiency, and the perceived usefulness of the application system (29), which can motivate patients to be more willing to participate in the home-based model. Some studies show that perceived usefulness has a positive impact on patients’ attitudes toward participating in “Internet + Nursing,” and the more patients pay attention to the actual effects of “Internet + Nursing,” the stronger their willingness to use it (30, 31). In addition, due to the diseases of older adult patients with chronic diseases, the use of Internet + Nursing has a positive impact on their attitude toward the use of Internet + Nursing. In addition, due to the characteristics of the diseases of older adult chronic disease patients, if they do not have effective management, the disease will worsen and deteriorate (32). Therefore, the penetration and integration of Chinese medicine technology and home care ensures the continuity and timeliness of services, and the home can enjoy professional nursing services, which significantly improves the quality of life of such patients. Along with the progress of Internet technology, home care will gradually become the development trend of medical service industry (33, 34). The home care service model of TCM can effectively meet the nursing needs of older adult patients with chronic diseases, and further research should focus on the home care model to solve the needs of older adult patients (35).

Therefore, it is suggested that the medical staff should continuously improve the knowledge quality and cognitive level of patients. From the perspective of cultural literacy of Chinese medicine, help the patients to form a correct understanding of the concepts and ideas of Chinese medicine, which in turn promotes the promotion and application of traditional Chinese medicine technology and the development of the Chinese medicine healthcare industry.



4.2. Improve the service system and overcome obstacles factors

The results of the quantitative multifactorial analysis study indicate that the cognitive level of TCM knowledge of the older adult chronic disease population will affect the nursing needs of traditional Chinese medicine. From the scores of the knowing items, it can be understood that the older adult chronic disease has a low knowledge of TCM and stays at the level of the therapeutic tools (36). In the qualitative study, it was also shown that the interviewed patients had only a superficial understanding of the “Internet + Chinese medicine” home care service model, but did not have an in-depth understanding of it, and some of the patients said that they had not understood this model. The reason for this may be related to the short period of time since the introduction of the “Internet + Nursing” policy, and the fact that medical institutions in the region have not yet launched the corresponding service system, which is similar to the results of study of Thomas (37). The results of the quantitative multifactorial analysis of this study showed that cell phones and television in the “Internet + Nursing” service pathway affect the demand for Chinese medicine care for older adult patients with chronic diseases, which is consistent with the qualitative results.

Digital literacy refers to patients’ access to and ability to use computers and the Internet (38). This indicates that patients have little access to the Internet and have limited ability to use mobile phones, computers, and other electronic devices, resulting in a low level of digital literacy of patients, which hinders the willingness of some patients to participate in “Internet + traditional Chinese medicine” home care services. It may also be related to physiological decline, cognitive and learning decline and economic factors in older adult patients with chronic diseases, which is consistent with the findings of the study of Ha (39). In addition, the quantitative study showed that the highest concern of older adult patients with chronic diseases about “Internet + Nursing” home care service was the high cost of the service (46.8%), which was consistent with the results of the qualitative study. The interviewed patients indicated that they needed to consider the cost of the service, and that there was a demand for the inclusion of health insurance in this model. The reason may be that the willingness to use is related to the value and price of this model, and patients’ willingness to use is affected by online diagnosis and treatment costs, medical insurance reimbursement, etc. Patients will consider the comparison of online and offline medical treatment costs, and the category and proportion of medical insurance reimbursement (40). The United States, Japan, and European countries and other countries have formed a more mature and distinctive home care service model (41, 42). While China’s Internet + home care service is still in its infancy, there are limitations in the content and scope of services.

It is necessary to strengthen the publicity of “Internet + Chinese medicine” home care services, carry out diversified, multi-channel, online and offline publicity methods, improve patients’ awareness of “Internet + Chinese medicine” home care, enhance social influence, and change patients’ inherent medical habits. And the creation and improvement of the “Internet + traditional Chinese medicine” home care service model has a practical role. It is suggested that medical institutions should, according to the national situation, start from the policy of home service, service cost, reimbursement system, and other aspects, in order to provide guarantee for the development of “Internet + Chinese medicine” home care service model suitable for older adult patients with chronic diseases.



4.3. Improve service quality and provide precise TCM care

The results of this study show that older adult patients with chronic diseases hope that “Internet + Chinese medicine” home care can enjoy targeted, high-quality, integrated Chinese and Western medicine nursing services. Nurses in the home care service need to have the ability to provide high-quality “Internet + Chinese medicine nursing service” (43). Research has confirmed that the dialectical and holistic concepts of TCM nursing techniques have the advantage of improving the health status of older adult patients with chronic diseases from a holistic perspective, promoting recovery and alleviating pain, and facilitating dialectical nursing care from a wide range of diseases (44). At the same time, quality care emphasizes people-oriented, providing patients with a full range of nursing services, in line with the holistic concept of Chinese medicine nursing and people-oriented ideology, the integration of appropriate technology of Chinese medicine nursing into quality nursing services can not only improve the quality of nursing services, but also accelerate the promotion of the culture of traditional Chinese medicine (45). In addition, studies have shown that Chinese and Western medicine culture can be promoted faster. Studies have shown that integrated Chinese and Western medicine care can provide patients with multifaceted care, regulate their physical and psychological conditions, improve their health awareness and clinical symptoms (46, 47).

It can be seen that we should strengthen the training of nursing staff, invite Chinese medicine nursing experts to organize overall training, teachers and students, carry out special lectures, Chinese medicine nursing knowledge and technology competitions. Encourage nurses to invest in research of TCM nursing and actively learn the characteristic nursing techniques of TCM. Through training, the ability to communicate and the ability to deal with emergencies will be enhanced, the dialectical thinking of nursing staff is cultivated, and the knowledge and skills of TCM nursing staff are improved, so as to provide patients with accurate, high-quality and diversified TCM nursing services.



4.4. Potential shortcomings and limitations


4.4.1. Potential shortcomings

Both the medical association service model and home care services are in their infancy, and there are service team members with low professional quality, low motivation, and unclear division of labor. The service content is relatively single, not strong in specialty, unable to meet the needs of patients. Relevant supporting policies are not perfect, and there is a lack of unified and standardized service processes and standards.



4.4.2. Limitations

First of all, this study only selected patients from one hospital in Xi’an due to manpower and time constraints, and the results of the study may have some regional limitations. In future studies, researchers can select several different regions to increase the sample size of the study and further explore the current situation and influencing factors of the demand for TCM home care for older adult patients with chronic diseases.

Second, this study used purposive sampling method for qualitative research, and its findings can only represent the experience of some patients and cannot be inferred to the whole. Random stratified sampling in different regions makes the study more rigorous.

Finally, this study used a combination of quantitative and qualitative research methods, and the two research methods complemented each other, while the qualitative research obtained new relevant factors not reflected in the quantitative part of this study through the deeply excavated information. Further relevant factors need to be added in future investigations.





5. Conclusion

In summary, although “Internet + Chinese medicine” home care service is in the exploratory stage, older adult patients with chronic diseases have higher demand for it and stronger willingness to participate in it, and it has a broad development prospect, but there are still many concerns. Medical institutions should strengthen publicity and promotion efforts to increase the social influence and participation of “Internet + Chinese medicine” home care services. Also, strengthen the training of nursing staff, comprehensively improve their comprehensive quality, provide patients with high-quality and diversified care programs. The government should strengthen support, improve the medical insurance system, increase capital investment, and build a more scientific, feasible and reasonable “Internet + traditional Chinese medicine” home care service model for older adult patients with chronic diseases. The survey respondents of this study are mainly gathered in a tertiary hospital, which may have a certain bias. The next step is to examine patients’ needs for home care services from all angles and in all aspects in different regions, so that the results of the study can be more representative.
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Background

Carotid intima-media thickness (CIMT) has been shown to be a valuable predictor of cardiovascular diseases (CVDs). The aim of this study was to investigate the influencing factors of CIMT among adults in Central China.





Methods

A total of 2,578 participants who underwent physical examination in Henan Provincial People’s Hospital between January 2018 and July 2018 were enrolled. The respondents were divided into two subgroups according to their CIMT value (CIMT ≥1.0 mm group and CIMT <1.0 mm group). Variables considered were age, gender, total cholesterol, triglycerides, low-density lipoprotein (LDL) and high-density lipoprotein (HDL) triglycerides, fasting blood glucose, and uric acid levels, as well as hypertension, diabetes, body mass index (BMI), waist-to-hip ratio, body fat percentage, and visceral fat area (VFA). Logistic regression analysis was performed to explore the potential factors influencing CIMT.





Results

The proportion of CIMT ≥1.0 mm among the physical examination population was 27.42% (707/2 578). The analysis of the two groups revealed significant differences in age, sex, hypertension, diabetes, total cholesterol, and HDL cholesterol. In the logistic regression analysis, age (OR=1.071, 95%CI=1.062–1.080), male sex (OR=2.012, 95%CI=1.251–2.238), hypertension (OR=1.337, 95%CI=1.031–1.735), diabetes (OR=1.535, 95%CI=1.045–2.255), HDL cholesterol (OR=0.540, 95%CI=0.366–0.796), and LDL cholesterol (OR=1.336, 95%CI=1.154–1.544) were significantly associated with abnormal CIMT.





Conclusion

Early screening should be carried out among men, the older adults, and those with hypertension, diabetes, and dyslipidemia.





Keywords: cardiovascular risk, influencing factors, prevalence, China, CIMT




1 Introduction

Cardiovascular diseases (CVDs) have become a leading cause of morbidity, mortality, and disability in most countries globally (1). According to the data of the 2019 global disease burden report, from 1990 to 2019, the number of patients with CVDs increased from 271 million to 523 million, and the number of deaths increased from 12.1 million to 18.6 million (2). The prevalence of CVDs in China is on the rise. According to the data of China cardiovascular health and disease report 2020, the current number of patients with CVDs is estimated to be 330 million, and there is one patient with CVDs for every five people (3). Therefore, it is essential to reduce the risk of CVDs by exploring preventive methods.

Carotid intima-media thickness (CIMT), measured using noninvasive high-resolution ultrasound techniques, has been shown as a predictor of CVDs that is independent of the routine vascular risk factors (4). In a Japanese cohort study of 4,724 participants aged 59.7 ± 11.9 years, those with Max CIMT ≥1.7 mm had a 1.95-fold higher risk of CVDs than those with Max CIMT <1.7 mm (5). Willeit (6) carried out a meta-analysis on the relationship between CIMT and the risk of CVDs, and systematically reviewed the results of 119 randomized controlled trials, which showed that each 10 μm/year reduction of CIMT progression resulted in a relative risk of CVDs of 0.91. Previous studies have supported the use of CIMT as an alternative marker of CVDs risk, and intervention on the progress of CIMT could effectively reduce the risk of CVDs.

In China, most previous studies on CIMT have focused on its relationship with CVDs (7, 8), few studies have focused on the influencing factors of CIMT, and most of them have studied specific diseases (9). There is no research on the influencing factors of CIMT in Chinese adults who undergo physical examination. Therefore, the aim of this study was to investigate the prevalence of CIMT and explore the potential risk factors for increased CIMT in a physical examination population in central China.




2 Materials and methods



2.1 Study population

Participants who underwent medical examination in the physical examination center of a tertiary hospital in Henan Province, China, from January 2018 to July 2018 were retrospectively included. If The participants meet the following criteria were included: (1) age ≥18 years old; (2) availability of ultrasound examination of the internal carotid artery; and (3) availability of body fat composition examination results using bioimpedance analysis (BIA). The following participants were excluded: (1) those who had undergone internal carotid plaque surgery; (2) those with a history of administration of lipid-lowering drugs. All the information was obtained from health examination records and inquiries before health examination. Finally, 2,578 participants were included in the study. The study design was approved by the ethics committee of participating institutes. All methods were performed in accordance with the relevant guidelines and regulations by including a statement in the methods section to this effect. All participants had provided written informed consent and their personal information was kept confidential.




2.2 Measurements of CIMT

The CIMT was measured using high-resolution B-mode ultrasonography with a 7.5-MHz linear array scan (EPIQ7 ultrasound system, Philips Healthcare, Bothell, WA, USA) by professional radiologists. The bilateral carotid arteries of each participant were examined by longitudinal and transverse scanning with the participant in the supine position during the diastolic phase of the cardiac cycle. CIMT was defined as the distance between the leading edge of the lumen interface and the media-adventitial interface of the far wall. Measurements were obtained on each side at 1–2 cm proximal to the bifurcation of the posterior carotid wall. Each artery was measured three times, and the CIMT value represented the average value of six measurements. An increased CIMT was defined as a value of ≥1.0 mm (10). Thus, participants were divided into two groups: normal CIMT (CIMT<1.0 mm) and abnormal CIMT (CIMT ≥1.0 mm).




2.3 Clinical data and biochemical analysis

Venous blood was collected in the morning after 12-h overnight fasting. Measurements were performed using routine laboratory methods for serum parameters such as total cholesterol, triglyceride, low-density lipoprotein (LDL) and high-density lipoprotein (HDL) triglyceride, fasting blood glucose, and uric acid. Diabetes was diagnosed if a participant had a fasting blood glucose level of ≥7.0 mmol/L, a 2-h postprandial blood glucose level of >11.1 mmol/L, or diabetes had been diagnosed before the investigation. Hypertension was diagnosed if systolic blood pressure (SBP) was ≥140 mmHg, if diastolic blood pressure (DBP) was ≥90 mmHg, or if the patient had self-reported hypertension.




2.4 Body composition measurement

Body composition was measured by BIA using the InBody 770 (InBody Co., Ltd., Seoul, Korea), which could estimate body mass index (BMI), waist-to-hip ratio, body fat percentage, and visceral fat area (VFA). Waist-to-hip ratio was classified as normal or over-standard with cut off levels for normal classification of 0.9 for males and 0.8 for females.




2.5 Statistical analysis

All statistical analyses were performed using IBM statistics (SPSS) V.22. The continuous variables are expressed as means ± standard deviation, and categorical variables are expressed as counts and percentages. Comparisons between the two groups were performed using the Student’s t-test and the Chi-square test. Multivariable logistic regression analysis was used to assess independent relationships for several explanatory variables determined abnormal on CIMT. The odds ratios (OR) and their 95% confidence intervals (95% CI) were used to present correlations. P<0.05 was considered statistically significant.





3 Results

Overall, 2,578 participants were included in this study, including 1,803 (69.94%) males and 775 (30.06%) females. The average age of the participants was 55.36 ± 14.17 years. A total of 404 participants (15.73%) were deemed obese (BMI >27.9 kg/m2), and 1,866 (72.38%) participants were in the over-standard group on the basis of waist-to-hip ratio. The average body fat percentage and VFA of the participants was 28.26% ± 7.13% and 94.76 ± 34.01 cm2, respectively. Among the participants, 144 (12.53%) had type 2 diabetes mellitus and 422 (16.37%) had hypertension. There were 707 (27.42%) participants with a CIMT greater than or equal to 1.0 mm. Table 1 shows the basic characteristics of the study population.


Table 1 | Characteristics of the study population.



The proportion of CIMT ≥1.0 mm in males was 32.29%, which was significantly higher than that in females (15.87%), P<0.001. The incidence of diabetes and hypertension was higher in the CIMT ≥1.0 mm group than in the CIMT <1.0 mm group (P<0.001). Participants tended to be older in the CIMT ≥1.0 mm group compared to the CIMT <1.0 mm group (63.89 ± 13.07 years vs. 50.89 ± 13.09 years, respectively, P<0.001). Total cholesterol and HDL cholesterol were also found to be significantly different in the CIMT ≥1.0 mm group than in the control subjects. There were no significant differences in BMI, waist-to-hip ratio, triglycerides, LDL cholesterol, uric acid, body fat percentage, and VFA between the two groups (Table 2).


Table 2 | Comparison of basic information of the two groups.



In the multivariable logistical regression analysis, independent abnormal CIMT determinants for the entire group were age (OR=1.071, 95%CI=1.062–1.080, P<0.001), sex (OR=1.673, 95%CI= 1.251–2.238, P=0.001) (ref. female), hypertension (OR=1.337, 95%CI=1.031–1.735, P=0.029), diabetes (OR=1.535, 95%CI=1.045–2.255, P=0.029), HDL cholesterol (OR=0.540, 95%CI=0.366–0.796, P=0.002), and LDL cholesterol (OR=1.336, 95%CI=1.156–1.544, P<0.001). Multivariable regression analysis results are shown in Table 3.


Table 3 | Multiple logistical regression analysis results for variables characterizing the 2,578 subjects and abnormal CIMT.






4 Discussion

CVDs have become a worldwide public health problem and a serious threat to human health. Atherosclerosis is the leading cause of CVDs resulting in high rates of mortality and morbidity in the population. Atherosclerosis begins early in life, and it can be latent for a long time before the formation of atherosclerotic plaque (11). Thus, identification of individuals with subclinical atherosclerosis is necessary for early active prevention of CVDs. Previous studies have confirmed that CIMT can be recognized early and should be considered as an important marker of severe atherosclerosis in the future (5, 9). In this study, we found that the prevalence of abnormal CIMT in central China was 27.42%, which was closer to the prevalence reported by Peige et al. in 2018, i.e., 27.22% (12), but significantly higher than the prevalence reported by Yu et al. in 2019, i.e., 3.2% (13). The differences might be partly attributable to the participants’ personal factors (age, sex) and investigation methods (sample selection method, sample size). Thus, it is of great significance to study the CIMT of physical examination population, which can identify the risk factors of CIMT in a time and effectively, and help to prevent the occurrence of CVDs in the early stage.

Logistic regression analysis showed that older age, male sex, hypertension, diabetes, and low HDL cholesterol and high LDL cholesterol levels were independent risk factors for abnormal CIMT. The risk of abnormal CIMT increased 1.071 times for each year of age, which was consistent with the results of Medhioub et al. (14). With increasing age, the metabolic function of the body decreases, the arterial intimal load increases, and the risk of arterial intimal thickening also increases. The risk of abnormal CIMT was 1.673 times higher in males than in females, which may be due to the differences in lifestyle and work stress between males and females. Hypertension and diabetes have been proved to be linked with abnormal CIMT (15–17). Additionally, dyslipidemia was an independent influencing factor for CIMT thickening. Sustained abnormal lipid metabolism would lead to the lipid depositing under the intima, resulting in CIMT thickening, atherosclerosis, and decrease vascular wall compliance (18). Our study indicated that LDL was positively associated with CIMT, which was consistent with previous studies (19–21). However, these studies did not found a relationship between HDL and CIMT. Guo et al. (22) conducted a study on the influencing factors for CIMT in the population of diabetes, and found that LDL was positive related to CIMT, while HDL was negatively corrected with CIMT, which was consistent with the results of our study. Early intervention for high-risk individuals with abnormal CIMT is needed for reducing incidence of CVDs.

It was worth noting that our study did not find a correlation between obesity-related indicators and CIMT, which was inconsistent with previous studies. In 2014, a study on 3,381 healthy people over 40 years of age showed that waist-to-hip ratio and VFA were independently related to increased CIMT; however, no significant correlation was found between BMI and CIMT (23). In addition, a Brazilian survey of 8,449 participants aged between 35 and 74 years of age explored the relationship between CIMT and abdominal obesity, and showed that waist circumference, waist-to-hip ratio and abdominal fat area were significantly correlated with CIMT (24). Yu et al. (13) also analyzed the relationship between abdominal obesity and CIMT and found that there was a correlation between the VFA and increased CIMT. Therefore, more research that explores the relationship between abdominal obesity and CIMT in larger study populations is needed.

Our study had several limitations. First, this study followed a cross-sectional study design, which restricted the predictive effect of the temporality and causality of the observed relationships. Second, the data were collected from participants who voluntarily underwent internal carotid artery ultrasound testing in the health examination center, thus, response bias was unavoidable. Third, other potential risk factors for abnormal CIMT (such as residence, eating habits, daily exercise, smoking, drinking, and other occupational health factors) were not investigated. In the future, community-based multicenter large-sample studies, covering populations from different regions and including more influencing factors, should be conducted to verify the results of this study.




5 Conclusion

In conclusion, the results of this study showed that the prevalence of abnormal CIMT was high in a physical examination population in central China. For the older adults people, men, and people with hypertension, diabetes, and dyslipidemia, it is of great importance to carry out early internal carotid artery ultrasound examination. It is also crucial to implement county-level prevention measures to reduce the incidence of CVDs.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Henan Provincial People’s Hospital. 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. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

TY: Conceptualization, Project administration, Validation, Writing – original draft. YW: Formal Analysis, Investigation, Writing – review & editing. XZ: Data curation, Writing – original draft. SX: Investigation, Writing – original draft. JW: Investigation, Writing – original draft. WW: Investigation, Writing – original draft. KG: Investigation, Writing – original draft. WXW: Investigation, Writing – original draft. YY: Investigation, Writing – original draft. LH: Investigation, Writing – original draft. YC: Project administration, Resources, Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by the Henan Medical Education Research Project (Wjlx2022015). The funder had no role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript.




Acknowledgments

All of the authors are grateful to the participants and the staff members involved in this research.





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.





References

1. GBD 2017 Causes of Death Collaborators. Global, regional, and national age-sex-specific mortality for 282 causes of death in 195 countries and territories, 1980-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet (2018) 392:1736–88. doi: 10.1016/S0140-6736(18)32203-7

2. Roth, GA, Mensah, GA, Johnson, CO, Addolorato, G, Ammirati, E, Baddour, LM, et al. Global burden of cardiovascular diseases and risk factors, 1990-2019: update from the GBD 2019 study. J Am Coll Cardiol (2020) 76:2982–3021. doi: 10.1016/j.jacc.2020.11.010

3. Tsukinoki, R, Murakami, Y, Huxley, R, Ohkubo, T, Fang, X, Suh, I, et al. Does body mass index impact on the relationship between systolic blood pressure and cardiovascular disease?: meta-analysis of 419 488 individuals from the Asia pacific cohort studies collaboration. Stroke (2012) 43:1478–83. doi: 10.1161/STROKEAHA.112.650317

4. Zaidi, NR, Gilani, SA, Mehboob, R, Waseem, H, and Hassan, A. Diagnostic accuracy of carotid intima media thickness by B-mode ultrasonography in coronary artery disease patients. Arch Med Sci Atheroscler Dis (2020) 5:e79–84. doi: 10.5114/amsad.2020.95651

5. Kokubo, Y, Watanabe, M, Higashiyama, A, Nakao, YM, Nakamura, F, and Miyamoto, Y. Impact of intima-media thickness progression in the common carotid arteries on the risk of incident cardiovascular disease in the suita study. J Am Heart Assoc (2018) 7:e007720. doi: 10.1161/JAHA.117.007720

6. Willeit, P, Tschiderer, L, Allara, E, Reuber, K, Seekircher, L, Gao, L, et al. Carotid intima-media thickness progression as surrogate marker for cardiovascular risk: meta-analysis of 119 clinical trials involving 100 667 patients. Circulation (2020) 142:621–42. doi: 10.1161/CIRCULATIONAHA.120.046361

7. Fernández-Alvarez, V, Linares Sánchez, M, López Alvarez, F, Suárez Nieto, C, Mäkitie, AA, Olsen, KD, et al. Evaluation of intima-media thickness and arterial stiffness as early ultrasound biomarkers of carotid artery atherosclerosis. Cardiol Ther (2022) 11:231–47. doi: 10.1007/s40119-022-00261-x

8. Miao, M, Zhou, G, Bao, A, Sun, Y, Du, H, Song, L, et al. Triglyceride-glucose index and common carotid artery intima-media thickness in patients with ischemic stroke. Cardiovasc Diabetol (2022) 21:43. doi: 10.1186/s12933-022-01472-1

9. Kuang, D, You, H, Ding, F, Xue, J, Chen, J, Ronco, C, et al. Intima-media thickness of the carotid artery and its correlation factors in maintenance hemodialysis patients: a cross-sectional study. Blood Purif (2009) 28:181–6. doi: 10.1159/000227787

10. Watanabe, I, Shintani, Y, Terada, S, Fujii, T, Kiuchi, S, Nakanishi, R, et al. A clinical association between an increasing renal resistive index and the atherosclerotic burden in patients with a preserved renal function. Intern Med (2020) 59:909–16. doi: 10.2169/internalmedicine.3232-19

11. Song, P, Fang, Z, Wang, H, Cai, Y, Rahimi, K, Zhu, Y, et al. Global and regional prevalence, burden, and risk factors for carotid atherosclerosis: a systematic review, meta-analysis, and modelling study. Lancet Glob Health (2020) 8:e721–9. doi: 10.1016/S2214-109X(20)30117-0

12. Song, P, Xia, W, Zhu, Y, Wang, M, Chang, X, Jin, S, et al. Prevalence of carotid atherosclerosis and carotid plaque in Chinese adults: A systematic review and meta-regression analysis. Atherosclerosis (2018) 276:67–73. doi: 10.1016/j.atherosclerosis.2018.07.020

13. Yu, Y, Zhang, FL, Yan, XL, Zhang, P, Guo, ZN, and Yang, Y. Visceral adiposity index and cervical arterial atherosclerosis in northeast China: a population based cross-sectional survey. Eur J Neurol (2021) 28:161–71. doi: 10.1111/ene.14513

14. Medhioub, M, Bouzaidi, K, Bachali, A, Khsiba, A, Hamzaoui, L, and Azouz, MM. The risk of subclinical carotid atherosclerosis in patients with chronic hepatitis C. Tunis Med (2021) 99:449–55.

15. Zhang, L, Fan, F, Qi, L, Jia, J, Yang, Y, Li, J, et al. The association between carotid intima-media thickness and new-onset hypertension in a Chinese community-based population. BMC Cardiovasc Disord (2019) 19:269. doi: 10.1186/s12872-019-1266-1

16. Tebar, WR, Santos, IS, Meneghini, V, Bittencourt, MS, Lotufo, PA, and Bensenor, IM. Eight-year change in carotid intima-media thickness and associated risk factors in adults with and without psoriasis - the ELSA-Brasil cohort study. Braz J Med Biol Res (2023) 56:e12609. doi: 10.1590/1414-431X2023e12609

17. Santos, EHS, Santos Neto, PJD, and Santos, IS. Carotid intima-media thickness in the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil): a narrative review. Sao Paulo Med J (2018) 136:64–72. doi: 10.1590/1516-3180.2017.0272141017

18. Bouillet, B, Gautier, T, Terriat, B, Lagrost, L, Verges, B, and Petit, JM. CETP activity is not associated with carotid intima-media thickness in patients with poorly controlled type two diabetes. Acta Diabetol (2019) 56:749–54. doi: 10.1007/s00592-019-01340-7

19. Jia, X, Qi, Y, Zheng, R, Lin, L, Hu, C, Zhu, Y, et al. Non-HDL-cholesterol, and LDL-cholesterol predicts risk of increased arterial stiffness and elevated carotid intima-media thickness in middle-aged and elderly chinese adults. Front Cardiovasc Med (2022) 9:906396. doi: 10.3389/fcvm.2022.906396

20. Staudt, A, Stock, K, Gande, N, Bernar, B, Hochmayr, C, Pechlaner, R, et al. Early Vascular Ageing (EVA) Study Group. Impact of lifestyle and cardiovascular risk factors on early atherosclerosis in a large cohort of healthy adolescents: The Early Vascular Ageing (EVA)-Tyrol Study. Atherosclerosis (2020) 305:26–33. doi: 10.1016/j.atherosclerosis.2020.05.011

21. Dawson, JD, Sonka, M, Blecha, MB, Lin, W, and Davis, PH. Risk factors associated with aortic and carotid intima-media thickness in adolescents and young adults: the Muscatine Offspring Study. J Am Coll Cardiol (2009) 53(24):2273–9. doi: 10.1016/j.jacc.2009.03.026

22. Guo, HJ, Li, CC, Bian, XY, and Hao, Q. Correlation study on the relationship between dyslipidemia and carotid intima-media thickness in patients with diabetes mellitus. Pak J Med Sci (2023) 39:875–9. doi: 10.12669/pjms.39.3.6866

23. Ren, C, Zhang, J, Xu, Y, Xu, B, Sun, W, Sun, J, et al. Association between carotid intima-media thickness and index of central fat distribution in middle-aged and older adults Chinese. Cardiovasc Diabetol (2014) 13:139. doi: 10.1186/s12933-014-0139-2

24. Eickemberg, M, Amorim, LDAF, Almeida, MDCC, Aquino, EML, Fonseca, MJMD, Santos, IS, et al. Indicators of abdominal adiposity and carotid intima-media thickness: results from the longitudinal study of adult health (ELSA-Brazil). Arq Bras Cardiol (2019) 112:220–7. doi: 10.5935/abc.20180273




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.

Copyright © 2023 Yang, Wang, Zhang, Xiang, Wen, Wang, Guan, Wang, Yang, Hao and Chen. 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: 22 May 2024
doi: 10.3389/fpubh.2024.1375227








[image: image2]

Voices of care: unveiling patient journeys in primary care for hypertension and diabetes management in Kerala, India

Ranjana Ravindranath1, P. Sankara Sarma1, Sivasubramonian Sivasankaran2, Kavumpurathu Raman Thankappan3 and Panniyammakal Jeemon1*


1Achutha Menon Centre for Health Science Studies, Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum, Kerala, India

2Manipal Academy of Higher Education, Manipal, Karnataka, India

3Amrita Institute of Medical Sciences, Kochi, Kerala, India

Edited by
 Yun Gao, Sichuan University, China

Reviewed by
 Joao Soares Martins, National University of East Timor, Timor-Leste
 Daniel Edem Kpewou, University for Development Studies, Ghana

*Correspondence
 Panniyammakal Jeemon, jeemon@sctimst.ac.in 

Received 23 January 2024
 Accepted 06 May 2024
 Published 22 May 2024

Citation
 Ravindranath R, Sarma PS, Sivasankaran S, Thankappan KR and Jeemon P (2024) Voices of care: unveiling patient journeys in primary care for hypertension and diabetes management in Kerala, India. Front. Public Health 12:1375227. doi: 10.3389/fpubh.2024.1375227
 

Background: Diabetes and hypertension are leading public health problems, particularly affecting low- and middle-income countries, with considerable variations in the care continuum between different age, socio-economic, and rural and urban groups. In this qualitative study, examining the factors affecting access to healthcare in Kerala, we aim to explore the healthcare-seeking pathways of people living with diabetes and hypertension.

Methods: We conducted 20 semi-structured interviews and one focus group discussion (FGD) on a purposive sample of people living with diabetes and hypertension. Participants were recruited at four primary care facilities in Malappuram district of Kerala. Interviews were transcribed and analyzed deductively and inductively using thematic analysis underpinned by Levesque et al.’s framework.

Results: The patient journey in managing diabetes and hypertension is complex, involving multiple entry and exit points within the healthcare system. Patients did not perceive Primary Health Centres (PHCs) as their initial points of access to healthcare, despite recognizing their value for specific services. Numerous social, cultural, economic, and health system determinants underpinned access to healthcare. These included limited patient knowledge of their condition, self-medication practices, lack of trust/support, high out-of-pocket expenditure, unavailability of medicines, physical distance to health facilities, and attitude of healthcare providers.

Conclusion: The study underscores the need to improve access to timely diagnosis, treatment, and ongoing care for diabetes and hypertension at the lower level of the healthcare system. Currently, primary healthcare services do not align with the “felt needs” of the community. Practical recommendations to address the social, cultural, economic, and health system determinants include enabling and empowering people with diabetes and hypertension and their families to engage in self-management, improving existing health information systems, ensuring the availability of diagnostics and first-line drug therapy for diabetes and hypertension, and encouraging the use of single-pill combination (SPC) medications to reduce pill burden. Ensuring equitable access to drugs may improve hypertension and diabetes control in most disadvantaged groups. Furthermore, a more comprehensive approach to healthcare policy that recognizes the interconnectedness of non-communicable diseases (NCDs) and their social determinants is essential.
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1 Introduction

Noncommunicable diseases (NCDs), also known as chronic diseases, are a major global health challenge responsible for more than two-thirds (73%) of all-cause mortality (1). Furthermore, the majority of NCD deaths occur in low- and middle-income countries (LMICs) (2). Importantly, many NCD-related deaths are premature and preventable (2, 3). Even after a decade since the launch of the National Programme for Prevention & Control of Non-Communicable Diseases (NP-NCD) by the government of India, the prevalence, awareness, treatment, and control rates of diabetes and hypertension remain abysmally poor in primary care settings with notable variations across districts, age, and socio-economic groups (4–6).

Globally, primary health care is recognized as the cornerstone of developing a resilient health system approach to preventing and controlling NCDs (7, 8). Previous evidence suggests that an effective primary health care system contributes to NCD control by encouraging a healthy lifestyle, preventing the onset of NCDs, decreasing premature NCD-related deaths, improving the quality of care, and reducing hospital admissions related to NCDs (9–11). Additionally, Primary Health Centers (PHC) fosters community involvement in NCD prevention and control, ensuring equitable NCD care access (12). However, in India, health systems were initially designed to address acute communicable diseases and maternal and child health (13) but now grapple with the challenge of delivering care for chronic conditions (14, 15). The primary care system for NCDs remains weak with underfunding, fragmented service delivery, and poorly functioning referral systems and faces significant resource constraints, including limited health workforce, medicine, supplies, and infrastructure (16–19). Further, this situation is worsened by disparities of socio-economic class, caste, and gender, which manifest as health inequalities (20). Recently, the Government of India launched the National Health Protection Mission known as the Ayushman Bharat to bring a comprehensive range of services closer to communities by transforming PHCs and sub-centers into Health and wellness centers (HWCs) and achieve universal health coverage in India (21–24).

In parallel, the Government of Kerala initiated the “Aardram Mission” in 2017 to revitalize the PHCs, recognizing the importance of strengthening universal primary care (25). This transformation involved upgrading PHCs to Family Health Centers (FHCs), which aligned with the national model of HWCs, with additional healthcare providers, and a comprehensive package of primary care services (25). Furthermore, the services at PHCs were strategically restructured to address the current epidemiological situation, with a particular focus on NCDs (26, 27). The increasing prevalence of diabetes and hypertension is considered a primary driver of this epidemiological transition.

Despite the discourse in policies regarding the importance of comprehensive care for managing diabetes and hypertension, research on patient experience remains under-investigated. Evidence highlights the central role of patient experience in healthcare quality (28). Therefore, mapping the entire patient journey and understanding various factors that influence how people with diabetes and hypertension access the healthcare system when needed is the key to understanding the patient experience and identifying any existing gaps. Against this background, our study aimed to explore the experiences of persons living with diabetes and hypertension (PLWDH) regarding their access to primary health care services to manage these conditions and to examine if the community expectations from FHCs resonate with the above-proposed policy direction.



2 Methods


2.1 Study design

This study is an exploratory (29) descriptive (30) qualitative research involving data collection through semi-structured interviews and focus-group discussions conducted among persons with diabetes, hypertension, or both in outpatient settings in Malappuram, Kerala.



2.2 Study setting

We conducted this study in purposively selected four FHCs of Malappuram, Kerala, from September 2022 to March 2023. Notably, all these health centers underwent a transformation in the initial phase of the Aardram mission in 2017. Malappuram, a northern district in Kerala, has a population of 4,112,920 (31). Malappuram was among the first districts in Kerala where the National Program for NCDs was implemented, and the community-based palliative care model for NCD was piloted in 1996 (32). A recent study in the district reported an NCD-multimorbidity prevalence of 39.8% among people seeking care from FHCs. Notably, the prevalence was higher in men (42.6%) than in women (38.1%). Hypertension and diabetes were the predominant coexisting chronic conditions (33). Malappuram is divided into 15 health blocks, with 59 fully functional FHCs implementing the national program for preventing and controlling non-communicable diseases (NP-NCD) across these blocks (33).

FHCs provide a range of services--- including health promotion activities, screening, laboratory services, and outpatient management for patients with diabetes and hypertension under the NCD program. The state has recently initiated the population-based screening of NCDs and risk factors (26), facilitated by Accredited Social Health Activists (ASHAs) and (JPHN), and suspected cases are referred to medical officers at FHCs. Patients requiring specialized care are referred to NCD clinics in community health centers or district hospitals. Additionally, the program offers free medicines for diabetes and hypertension at these facilities, with patients receiving their prescribed medications every month following consultation at the FHCs. Electronic health records and information systems at the patient level are being introduced in these centers (34).



2.3 Study participants, sampling strategy

The study population included adult individuals living with confirmed diabetes/hypertension or both, regardless of the disease stage or control status, in four FHCs in the Malappuram district. Purposive sampling (35) was used to identify eligible participants, following inclusion criteria: adults (18 years of age and older) seeking healthcare from public facilities or both public and private healthcare facilities for a minimum of six months. The assistance of local community health workers facilitated the identification of participants.



2.4 Data collection

In the first phase, semi-structured interviews were conducted face-to-face (36) with twenty adult participants. RR conducted all interviews in Malayalam using topic guides (Supplementary material S1). Pre-testing of the topic guides was undertaken before data collection. Each selected respondent was interviewed in a calm setting within health facility premises. All interviews were audio-recorded, and their duration ranged from 20 to 60 minutes.

We conducted one focus group discussion (FGD) (37) with six adults in the study area during the second phase. A heterogeneous group was selected for the FGD with different control statuses – achieved, not achieved, and taking insulin/oral hypoglycaemics or both, diagnosed but did not initiate the treatment. An experienced social worker and a junior public health nurse identified and recruited eligible participants for FGD. A topic guide was used to introduce different themes during the discussion. Basic demographic details like age, gender, marital status, education, and occupation were collected from each participant. Topics encompassed patients’ experiences of living with a chronic illness, health care utilization, and challenges in accessing health care. The FGD was audio-recorded and lasted for 60 minutes.

RR translated and transcribed all the interviews. Transcripts were checked multiple times to minimize mistakes made during transcription. Participant recruitment concluded following thematic saturation (meaning the researchers collectively determined that additional interviews were unlikely to yield new insights or information on the subject) (38). In total, 26 people participated in the study.



2.5 Data analysis

The analysis of interview transcripts and fieldwork notes employed a thematic analysis approach (39). A coding framework was developed after multiple readings of the transcripts and notes (40). This framework was systematically applied to the dataset with attention to recurring codes and their clustering around specific contexts. The coded data were organized to facilitate thematic interpretation. Ongoing discussions among all authors informed this analytical process, with consensus achieved through iterative reviews of codes and themes. Emphasis was placed on discerning similarities and differences across participants’ data, aiming to construct an explanation of the findings. Notably, any deviant cases were scrutinized to enhance the trustworthiness and rigor of the qualitative analysis (41).

The thematic framework derived from this analytical process closely aligns with the conceptual framework proposed, which focuses on the patient’s ability to access healthcare services (42). However, it is important to note that this framework was not applied as an a priori model for the research; instead, it was introduced in a subsequent stage to inform further analysis of patients’ health-seeking pathways and to explore perceived barriers to care among these healthcare users. The Levesque framework encompasses different stages of healthcare-seeking pathways, providing a valuable lens for examining the narratives of the study participants.

The patient journey for NCDs can be structured into five stages: awareness, screening, diagnosis, treatment, and adherence (Figure 1) incorporating rehabilitation (43). The accessibility of services shapes the patient’s journey. Levesque et al.’s access-to-care model served as our conceptual framework to examine the factors influencing access to care at both the health system and population levels. The model examined healthcare access across five dimensions: approachability, acceptability, availability and accommodation, affordability, and appropriateness. The above-mentioned access dimensions are influenced by the patient’s ability to perceive, seek, reach, pay, and engage. Access results from the interplay between supply and demand dimensions within the continuum of care, spanning from individuals’ recognition of health needs to healthcare outcomes (42).

[image: Figure 1]

FIGURE 1
 Patient journey for NCDs [Reprinted from Devi et al. (43)].





3 Results

A total of 26 people living with diabetes/hypertension or both participated in the study. These participants varied in age, chronic conditions, control status, and background. The patients were aged between 43 and 67 years, with seven participants diagnosed only with diabetes, five with hypertension, and three with both diabetes and hypertension, while the remaining four participants suffered from other comorbidities associated with these conditions (Table 1). Most of them were unemployed (n = 14), and identified themselves as poor.



TABLE 1 Characteristics of study participants.
[image: Table1]

Our analysis demonstrated factors contributing to a complex health-seeking pathway for individuals with diabetes and hypertension. These factors align with the five domains outlined in the Levesque framework (42). The five identified themes correspond to the key access dimensions and associated abilities from the patient’s viewpoint, as depicted in Figure 2. The themes and the illustrative quotes are presented in Table 2. Additional quotes can be found in Supplementary Table S2.

[image: Figure 2]

FIGURE 2
 Conceptualization of access to care through patient perspectives from Kerala, India.




TABLE 2 Themes and illustrative quotes.
[image: Table2]


3.1 Approachability and ability to perceive

Approachability refers to the “ability of individuals with healthcare needs to identify, to seek information on the existing forms of services and perceive their potential impact on their health” (42). Some participants said they were provided sufficient information on the services available in health facilities through community health staff like ASHAs and JPHNs. Few participants recalled outreach screening activities for diabetes and hypertension conducted in public spaces like Anganwadi’s in their area. However, many patients also reported several other sources of information available to them besides those provided by community health workers and doctors. For instance, patients gained prior knowledge through personal experience from family members, friends, and media. Patients reported these sources provided information on lifestyle changes, medication adherence, etc.

Participants’ ability to perceive the need for care was determined by factors such as patients’ knowledge about health conditions (perception of risk), age, education, and beliefs related to health and illness. Ensuring timely access to healthcare services and optimal adherence to long-term treatments relied on patients’ understanding of their chronic condition when symptoms arise. Most of the patients reported being aware of hypertension and diabetes before diagnosis. However, participants reported sub-optimal knowledge of preventive measures and treatment needs. Older women interviewed in the study were unaware that hypertension is usually asymptomatic, and there was limited knowledge of potential outcomes. When asked what causes hypertension, one patient interviewed reported that stress causes hypertension. Some of the participants failed to understand their symptoms were indicative of diabetes and hypertension and that addressing their condition might entail more than just making lifestyle changes; instead, it may require long-term treatment as well. Some participants also believed that chronic diseases like diabetes and hypertension only impact older adults.

Instances were reported when patients did not receive sufficient information and support from the healthcare field staff to develop an adequate understanding of their condition, even after being suspected of diabetes or hypertension, in screening camps. Inadequate knowledge about their conditions led these participants to wait until their conditions were no longer manageable, leading to delays in seeking care.

In general, when assessing the patients’ views in our study on diabetes and hypertension, the younger individuals minimized its importance. In contrast, mostly the older group of patients acknowledged the severity of the condition and sought treatment.



3.2 Acceptability and ability to seek

This theme addresses “the social and cultural factors that affect patient’s ability to receive and accept healthcare services” (42). Our conversations showed that study participants desired FHCs to function as health facilities catering to minor health concerns. There was a general acknowledgment among people that FHCs were not equipped to handle complex medical conditions. As a result, people did not anticipate that FHC staff would address all health issues. Moreover, patients did not expect to get integrated care for managing multiple chronic conditions from FHCs.

Despite the nature of the visit being routine follow-ups, some patients preferred specialist services if their budget allowed. However, the availability of free medications and services and proximity to the residence enticed them to seek care from the FHCs.

We found that private care with specialists was predominantly reserved for managing immediate medical issues or complications arising from their conditions. The participants also commonly believed that higher-level hospitals would offer superior healthcare due to enhanced diagnostic capabilities and skilled medical professionals. Most of the patients had consulted multiple providers since their initial diagnosis.

The participants’ social background and trust in the healthcare system affected their ability to access healthcare services. The degree of trust was influenced by their personal (or social network’s) prior encounters with services, the reputation of selected health facilities, and the belief that higher-level health facilities offered better service quality. Prescribers’ attitudes influenced trust in treatment. People had preconceived notions about the doctors and other staff. People often complained that doctors in FHCs failed to give them sufficient attention and respect. The perception of the government doctors’ indifferent attitude stemmed from the belief that they were not incentivized or paid extra at government facilities. Patients also believed that in private practice, doctors spent time and prescribed medications that were more effective in improving blood sugar levels and controlling blood pressure, enhancing the perception of better healthcare outcomes under private care. Thus, in addition to expertise in clinical skills, patients valued the doctor’s communication style. On the other hand, we observed a decline in trust in a physician due to an unfavorable experience, leading a participant to abstain from using health services provided by that doctor.

Many participants were accustomed to pursuing alternative therapies, such as traditional medicines, rooted in their cultural practices. Our interviews with some patients revealed that they discontinued the prescribed allopathic medications and adopted traditional medicines without any formal advice after achieving the control status. Some patients considered medicines as chemicals with potential side effects and resorted to alternate systems of medicines. While others developed a fear of becoming dependent on medications lifelong, leading them to explore alternative treatments to reduce reliance on medicines provided by the facility. Previous lack of improvement with allopathic treatment and success stories from people who have experienced positive results with alternate treatment prompted a few to consider these options.



3.3 Availability and ability to reach

This theme concerns “the extent to which people can avail healthcare services” (42). Few participants highlighted that the remote geographic location of the health center hindered their access to healthcare services. Private transportation to healthcare facilities was expensive and challenging for older patients, restricted by the distance they could travel.

The capability of the older participants to reach the facility was influenced by the presence of a family member or neighbor who could accompany them to the healthcare facilities.

Most respondents emphasized that in the past few years (due to the restructuring of primary care services under the Aardram mission), they have experienced improved healthcare services through upgrades in infrastructure, greater availability of doctors and laboratory facilities, and the introduction of evening out patients’ departments (OPDs). While expanded provision of the services was positively viewed to enhance accessibility, respondents noted the major deficiencies in service adequacy. A prevailing concern among most patients was the irregular availability of free medicines, leading to challenges in adhering to their prescribed treatment. Several patients reported that the shortage of drugs compelled them to personally bear the cost of purchasing them from local pharmacies. Furthermore, few patients expressed dissatisfaction with the facility’s restricted range of treatment options, often limited to just two or three medications for addressing their medical conditions.

Patients who had multiple NCDs described intensified symptoms associated with a lack of access to medicines. One patient talked about the challenges she faced in accessing a reliable supply of insulin.

In some cases, health services were available to patients, but this did not translate to services being accessible to patients. For instance, in health centers, laboratories and pharmacies were available at the same location. Still, these services were often unavailable due to a lack of supplies, medicines, or human resources. Most participants said the public health facility was usually crowded, with substantial waiting times and an inconvenience in managing fasting tests due to the overcrowding and the timing of lab procedures. Consequently, many patients resorted to visiting private clinics or laboratories to monitor their glucose levels, incurring additional time and expenses. Almost all the patients voiced their dissatisfaction with being asked to return to FHC every month to obtain medicines, finding it inconvenient and burdensome.



3.4 Affordability and ability to pay

This theme encompasses the economic capacity of people to afford healthcare expenses. Despite medications being free at public health facilities, the recurring scarcity of medicines and the need for frequent doctor visits were deemed financially challenging for many. This financial barrier had two aspects: the expense of regular medications and the cost of immediate prescriptions during symptom exacerbations, requiring hospitalizations, antibiotics, etc. Participants perceived that private health facilities offer superior service quality, leading many participants to choose out-of-pocket expenses for these hospitals despite the financial strain. Most respondents reported they lacked any form of health insurance.

The burden of out-of-pocket spending was highlighted as a core issue for older adults with chronic illnesses. Out-of-pocket expenses and financial constraints resulted in treatment gaps and often resulted in making choices about which medications to buy following a doctor’s prescription.

Participants emphasized that time spent on all-day travel hindered patients from working, earning an income, or attending to family responsibilities. Young male patients reported discontinuing monthly visits to public facility doctors due to the substantial time investment.



3.5 Appropriateness and ability to engage

Appropriateness refers to “how well services align with client requirements, including timely delivery, a thorough evaluation of health issues for accurate treatment determination, and the technical and interpersonal excellence of services” (42).

The long-term management of diabetes and hypertension demands consistent adherence to a treatment plan. Various factors affected the participants’ ability to follow their extended management plan. Long-term care involved regular hospital visits for obtaining medications and during worsening of symptoms. However, not all patients in our study could manage regular visits due to affordability issues, which interfered with adherence. The patient-provider relationship was an important factor related to adherence and patient satisfaction. Our interviews with patients revealed trust was is fostered when providers see patients as individuals, not merely cases. Additionally, displaying acceptance and respect contributed to nurturing this sense of confidence. Patients also expressed their frustration while reporting that they often left OPDs without getting the information they wanted, feeling overwhelmed and unable to understand the information provided. It was evident from patients’ accounts that they lacked preparedness to manage their health conditions when experiencing symptoms like pain and fatigue. These factors contributed to feelings of uncertainty about their future health. However, a few patients felt capable and confident in managing their conditions. They acquired skills through diverse experiences—some from their encounters and others from both within and outside the healthcare system. Patients with positive experiences in managing their conditions exhibited greater motivation to remain committed to long-term care.

People with multiple chronic conditions often required multiple healthcare providers, which were rarely coordinated with one another. Most of the interviewed patients with multimorbidity reported visiting different doctors and usually received conflicting advice. A patient in our study felt conflicted because private doctors criticized her for using medications from government healthcare providers. Private doctors claimed these medicines might be outdated or of poor quality. This created confusion and uncertainty for her when deciding whom to trust for her healthcare. Furthermore, some patients during discussions shared their belief that any medicines received for free could be of lower quality.

Most patients believed that their medical conditions were both progressive and permanent, with little influence from either themselves or their doctors on their future prognosis. This perspective made it difficult for them to grasp the concept of preventive care and how it could benefit them. Patients adhered to the advice they perceived as beneficial, pragmatic, and able to sustain them. Some patients mentioned that they were more inclined to follow medication prescriptions at the time of diagnosis. However, as they gained more experience and knowledge, they became discerning about the advice they followed and adjusted it to fit their situations. Interestingly, patients had received dietary advice from various sources outside the health center, with the most common sources being private doctors, community members, and social media.

Patients dealing with multiple health conditions in our study emphasized the influence of pill burden on their adherence to therapy. They found it challenging to cope with a substantial number of daily tablets. Moreover, the quantity of tablets also appeared to affect how patients subjectively viewed their health status.




4 Discussion

This study provides valuable insights into the healthcare processes of people living with diabetes and hypertension in public health facilities in Kerala, India. The access to Healthcare conceptual framework (42) enabled us to analyze the intricate process of access within the health systems and the context of the population. Our analysis identified various factors that influence the access to primary health services for the management of diabetes and hypertension, including participants’ limited knowledge of their condition, self-medication practices, physical distance to health facilities, availability of social support, high out-of-pocket expenditure, lack of trust, attitude of healthcare providers, medicine availability, and pill burden. Currently, primary healthcare services often do not sufficiently address the community’s needs. Provision of care to individuals with diabetes and hypertension was often fragmented, leading to multiple visits to advanced healthcare facilities (hospitals), consultations with specialists, and the simultaneous use of various medications. These findings are similar to a study in the Kolar district of Karnataka, which found that the fragmented “treatment-in-silos” hindered patients’ long-term adherence to treatment, especially as they age or face disabilities (19).

In our study, participant’s understanding of diabetes and hypertension varied and was often linked to their symptoms, presence of comorbidities, age, and education. The practice of self-medication emerged as a prevalent health behavior, where people sought advice from relatives or friends and obtained traditional remedies. Formal allopathic healthcare was mostly sought when self-medication did not improve their condition, potentially delaying timely treatment and sometimes even worsening the condition. Diagnosed patients also practiced self-medication when their symptoms were controlled. Previous studies reported using self-medication, including traditional herbal remedies, in Indian healthcare (44, 45). During the interviews, participants also spoke about the restricted variety of drugs at PHCs and frequently expressed doubts about the effectiveness of these drugs for their conditions.

Participants in our study who were predominantly from a low economic status reported limited access to hypertension and diabetes services. Previous evidence suggests clustering of NCDs in disadvantaged groups who have low education status and live in poor communities. These, together with inadequate access to health care, further exacerbate health inequalities in NCD (46). The Makkale Thedi Maruthuvam” scheme is an initiative by the Government of Tamil Nadu to enhance equitable access by screening people aged 30 years and above for diabetes and hypertension, delivering essential medicines, and reviewing treatment compliance at the doorsteps of eligible patients (47). Such initiatives may reduce the frequency of monthly visits for medication refills and improve follow-up care. Practical actions to reduce NCD inequities should encompass prioritizing the service delivery and follow-up for the most susceptible people with diabetes and hypertension based on risk assessment and disparities in access to care.

Access to care was facilitated through support from family and other social networks. This finding is consistent with earlier research, as systematic reviews have established that social support enhances treatment adherence among individuals with NCDs by offering consistent reminders for timely medication consumption (48–50). In high-income countries, well-designed randomized control trials have demonstrated that diabetic populations benefit from peer/CHWs support, improving clinical and behavioral outcomes, including better glycaemic control (51–53). Programs like the UK’s Expert Patient Program provide a cost-effective approach combining peer support and structured education to enhance chronic health support (54, 55). Similarly, the Kerala Diabetes Prevention Program (K-DPP) (56) is a community-based peer-support lifestyle intervention program adapted from evidence-based interventions developed initially in high-income countries and has successfully reduced cardiometabolic risk in high-risk adults over two years. Furthermore, K-DPP encouraged healthier behaviors in peer leaders, like increased physical activity, improved dietary habits, and reduced alcohol consumption (57).

Participants recognized hypertension and diabetes as a lifelong disease, but older individuals were more committed to medication adherence. However, their understanding of long-term prevention steps and self-management was limited due to inadequate communication and support from healthcare workers at all healthcare system levels. Many patients felt overwhelmed by the complexity of managing chronic disease, struggling to initiate and sustain health-promoting behaviors due to uncertainty about where to start. In previous studies most patients seeking care from public healthcare facilities reported minimal or no assistance for self-management (19, 58). This highlights the need to enable and empower patients to participate in managing their care along the continuum spanning from prevention to end of life. Self-care or self-management is one form of intervention that has been of particular interest to manage chronic conditions better and address the socioeconomic challenges LMICs face (59). Many experts have asserted that effective management of chronic diseases occurs when patients are empowered to participate in their care actively. Most chronic care models, including the chronic care model, support self-management skills as an essential component of chronic care (60). Self-management interventions, including SMS-based education, guideline-based teaching sessions, and telephonic counseling, have demonstrated the potential to improve patient health outcomes (61–63). Our findings indicate the need for further research on self-management strategies for CVD, focusing on long-term sustainability, to suit the Kerala context.

Participants’ access to healthcare services was strongly shaped by their trust in the health system and social environment. Trust was influenced by previous personal or network experiences, the reputation of healthcare facilities, and the belief that higher-level facilities offer better service quality and prescribers’ attitudes. While FHC doctors reported to address patients hastily, people expected extensive conversations and meticulous examinations. This finding aligns with previous research, emphasizing the significance of positive patient-health professional relationships on patients’ adherence to treatment (64), particularly when patients perceive healthcare providers as compassionate and caring.

Among our study participants, medication non-adherence stemmed from multifaceted factors, encompassing psychosocial elements (perceived lack of social support), structural challenges (clinic distance and medication expenses), therapy-related issues (multiple visits, polypharmacy, pill burden), and barriers within the healthcare system (e.g., insufficient counseling, erratic medicine supply from public health facilities, and patient-provider relationship). Additionally, patients trust in healthcare systems and beliefs regarding medications and their perceptions of their illness contribute to non-adherence. Evidence suggests that the use of single-pill combination (SPC) is safe and has the potential to improve patient adherence and blood pressure control, particularly in LMICs (65). In 2019, the World Health Organization (WHO) incorporated SPC into the Essential medicines list (66). We encourage the uptake and use of SPCs in primary care settings to improve blood pressure control and simplify treatment regimens.

Previous studies have proposed that an integrated approach to NCD care can streamline and save patient time and costs. For example, Peck et al. (67) have shown that integrating NCD and human immunodeficiency virus (HIV) treatment services reduces patient travel burden, allows personalized treatment approaches, and addresses the lack of support for patient follow-up and self-management in the current healthcare system. Frenk discusses integrating interventions and adopting a diagonal approach to health system improvements across multiple conditions while emphasizing the need for tangible improvements in health outcomes (68).

Our further observation pertains to the linear nature of Levesque et al.’s framework (42). While this framework has recognized factors influencing the healthcare-seeking pathways of individuals with NCDs, it does not fully explain why patients progress through these multidirectional pathways. Consistent with Nguyen et al.’s findings (69), we observed that patients frequently navigate the care pathway in a non-linear manner due to the challenges of diagnosis and the long-term management of chronic conditions. This process involves loops and cycles, with patients moving forward and backward in pursuit of healthcare across various facilities. Consequently, an alternative non-linear representation, incorporating broader healthcare system factors, would better depict the interconnected elements influencing access to healthcare services.

Consistent with prior research, our study reveals that individual “abilities” are primarily influenced by the “system” and its deficiencies, rather than solely being the responsibility of individuals. Thus, the central aspect of any intervention may involve a substantial investment in enhancing the accessibility of the system to empower an individual’s “ability” to interact with it effectively.


4.1 Strengths and limitations of the study

The study has several limitations. Firstly, in its emphasis on capturing patients’ viewpoints, the study did not incorporate the healthcare workers (supply side), which could have provided valuable insights. Secondly, although efforts were made to include equal representation of male and female participants, most respondents were women, reflecting the predominant population seeking healthcare in the state. Thirdly, the quality of care provided to the patients and the resulting health outcomes were beyond the scope of the study.

A key strength of our study is that we have considered the most prevalent NCDs, like diabetes and hypertension, to explore how patients seek care for chronic conditions in Malappuram. Although variations may exist among different illnesses, experiences are likely similar due to the current state of the healthcare system in Kerala and India. Primary care services are weak, and health systems lack capacity to address chronic illnesses. Secondly, our prolonged engagement within the study sites, as we regularly visited the facilities and stayed in the local community, enabled us to obtain data with rich insights into how people experience care. Thirdly, using Levesque’s access framework in the analysis enhances the potential for replication of this study in other contextually similar settings.



4.2 Implication for practice and research

Preventing the rising burden of NCDs is challenging as it necessitates addressing the underlying social determinants of health (70). Moreover, the organization of care for individuals with NCDs is intricate and resource-intensive, and multiple concurrent chronic conditions, known as multimorbidity, further complicate matters (71–74). It is important to recognize that the roots of NCDs are deeply entrenched in society’s social, political, and economic structures.

Unfortunately, it appears that those shaping current policies and resource allocation are either unaware of or choose to overlook the realities on the frontlines of healthcare. Physicians often find themselves bridging the gap between treating individual illnesses and meeting the needs of patients grappling with multimorbid NCDs. Reachable and reliable care and support must be ensured at the initial point of contact. Healthcare professionals must deliver attentive support tailored to individuals’ perceived needs, incorporate self-management support to influence patients’ behavior, and maximize the use and effectiveness of community service. Furthermore, we need a more comprehensive approach to healthcare policy that recognizes the interconnectedness of NCDs and the social determinants that affect their occurrence and management. Such a shift in policy and resource allocation is essential to effectively address our society’s growing burden of NCDs.




5 Conclusion

The patient journey in managing diabetes and hypertension is multifaceted, involving multiple entry and exit points within the healthcare system. This study underscores the complexity of healthcare access and how access was affected by various factors. Unfortunately, there is a lack of a patient-centred care process that delves into the self-management efforts required by patients and explores how healthcare providers can offer adequate support. Consequently, it is crucial to rethink the design and organization of care for individuals with chronic diseases. This involves reframing the patient journey, acknowledging it as one characterized by multiple touchpoints where patients may initiate their healthcare pathway at different stages but consistently require good quality, affordable care and support at various junctures.
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Associations between special diet and incidence risk of osteoporosis: a Mendelian randomization study
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Introduction: Osteoporosis is a prevalent challenge in clinical orthopedics, affecting a significant percentage of individuals aged 50 and above. The goal of this study was to comprehensively understand the relationships between a specialized dietary regimen and the risk of developing osteoporosis.

Methods: This study employed extensive genome-wide association study (GWAS) summary statistics derived from the UK Biobank. It encompassed 8 kinds of special diets and 7 datasets pertaining to osteoporosis and associated symptoms. The principal analytical approach employed was the inverse-variance weighted method. Additionally, sensitivity analysis was employed to elucidate the diverse multiplicity patterns observed in the final model.

Results: Our results showed that there is significant evidence that a gluten-free diet is associated with osteoporosis [odds ratio (OR): 1.080, 95% confidence interval (CI): 1.048–1.112, p = 4.23E-07)]. Furthermore, there exists a suggestive link between the three distinct dietary approaches and osteoporosis [(OR: 0.949, 95%CI: 0.929–0.970, p = 3.00E-06) for comprehensive consumption; (OR: 1.053, 95%CI: 1.018–1.089, p = 2.23E-03) for abstaining from wheat consumption; (OR: 1.036, 95%CI: 1.005–1.068, p = 1.97E-02) for abstaining from sugar consumption]. No additional correlation between the special dietary regimens and osteoporosis has been observed.

Conclusion: Our research has uncovered a notable correlation between a gluten-free diet and the occurrence of osteoporosis. Furthermore, it exerts a promoting influence on the onset of osteoporosis, which stands in direct contradiction to the therapeutic principles for Celiac Disease’s complications. As such, a novel association among these three elements is postulated.
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1 Introduction

Osteoporosis, a challenge frequently encountered in the realm of clinical orthopedics, exerts a substantial influence on the decision-making process pertaining to numerous treatment alternatives. According to the most recent research, osteoporosis affects a noteworthy 10.2% of individuals aged 50 years and above, with an anticipated rise to 13.6% by the year 2030 (1). Nevertheless, despite the exorbitant annual expenditures reaching billions of dollars for the treatment of osteoporosis in the United States, with projected costs expected to persistently escalate (2), the problem persists. It is imperative to ascertain modifiable protective or risk factors in order to avert the onset and progression of osteoporosis.

Diet has gained significant attention among researchers as an easily obtainable and modifiable factor. Several systematic studies have demonstrated the presence of the influence of diet and nutrition on osteoporosis, although conclusive findings are hindered by factors such as heterogeneity and small sample sizes (3, 4). Current research indicates that dairy products, protein, vitamin D, vitamin K, fruits and vegetables, and adherence to a Mediterranean diet all contribute to the promotion of bone health (4, 5). However, it is important to note that eating habits encompass not only the act of food consumption but also the deliberate exclusion of specific food items. This study defines the latter as “special diets” and explores these novel avenues to comprehensively elucidate the influence of diet on osteoporosis.

In this instance, Mendelian randomization (MR) presents itself as a viable approach for deducing the interconnections amidst distinctive dietary patterns and osteoporosis. MR employs genetic variants as instrumental variables (IVs) for the exposure (such as specialized diets) to facilitate inferential associations (6). This method significantly mitigates the influence of confounding factors commonly encountered in observational studies. By virtue of the random allocation of alleles during conception, the relationship between genetic variations and disease outcomes remains less susceptible to environmental and confounding factors (7, 8).

In this investigation, summary statistics derived from genome-wide association studies (GWAS) were employed to perform a two-sample MR analysis, aiming to comprehensively delineate the relationships between a specialized dietary regimen and the risk of developing osteoporosis.



2 Materials and methods


2.1 Study design

Our MR study was built upon three underlying hypotheses: Firstly, genetic variations are intimately connected with the particular exposure in question. Secondly, genetic variations are not associated with any confounding variables. Lastly, genetic variations are unable to have a direct effect on the outcome, but only through the specific exposure being examined (8). The data employed in this study were sourced from previously published summary statistics of GWAS, thus obtaining ethical approval and informed consent was not required. In this study, we designated the special diet as the exposure variable and executed a series of matching analyses with osteoporosis-related indicators as individual outcomes. The specific matching process is elucidated in Figure 1.

[image: Figure 1]

FIGURE 1
 The flow chart of study design. IVW, Inverse variance weighted; fe, fixed-effects; mre, multiplicative random-effects.




2.2 Selection of instrumental variables and data source

The genetic variants pertaining to special diets were obtained from two UK Biobank cohorts consisting of approximately 461,046 and 64,949 individuals (9). The initial list comprised 8 special diets: “Never eat sugar: Sugar or foods/drinks containing sugar”(NOSUGAR), “Never eat wheat: Wheat or products containing wheat”(NOWHEAT), “Never eat dairy: Dairy or products containing dairy”(NODAIRY), “Never eat eggs: Eggs or foods containing eggs”(NOEGG), “Eggs, dairy, wheat, sugar: I eat all of the above”(ALL), “Type of special diet followed: Gluten-free”(GLUTEN), “Type of special diet followed: Vegetarian”(VEGE) and “Type of special diet followed: Low calorie”(CALO). To select valid IVs, we included single nucleotide polymorphisms (SNPs) at the genome-wide significant level (p < 5 × 10−8) (10) and applied strict cutoff values (R2 < 0.001; region size = 10,000 kb) to exclude SNPs that are in linkage disequilibrium. As NODAIRY, NOEGG, NOWHEAT, GLUTEN, VEGE and CALO have less than 5 SNPs that meet the strict threshold (p < 5 × 10−8), we used a relaxed threshold (p < 5 × 10−5; R2 < 0.001; region size = 10,000 kb) to select SNPs for these diets. Moreover, SNPs with a minimum allele frequency (MAF) of less than 0.05 were excluded as the association between these SNPs and special diets was deemed to be unstable (11). To satisfy the second and third critical hypotheses, all selected SNPs were evaluated using the PhenoScanner database (12), and none of them needed to be excluded. Additionally, we ruled out SNPs associated with multiple special diets to reduce potential pleiotropy across the SNPs (Supplementary Table S1). Lastly, F-statistics were employed to evaluate SNPs with weak IVs bias (13). The F-statistics formula is F = R2 × (N-2)/(1-R2), where N represents the sample size, and R2 refers to the variance of exposure explained by IVs. Only the SNP with F-statistics >10 were considered for inclusion in the MR analysis (11).

To evaluate the association between special diets and the incidence risk of osteoporosis in a more comprehensive manner, we aimed to include all eligible GWAS of osteoporosis by conducting an extensive search of the public Integrative Epidemiology Unit (IEU) GWAS database1 (14). We selected two GWAS data sets from UK Biobank. In addition to osteoporosis patients diagnosed based on hospitalization records and using diagnosis codes; we also considered the low willingness of older adult/adults patients to medical treatment, patients with suspected osteoporosis classified by the interviewer based on the description of the participants were deliberately included. On this basis, we believe that it is necessary to include bone density, a diagnostic indicator of osteoporosis, in the study to improve the reliability of the study. The specific information of the summary-level data included in this study is shown in Supplementary Table S2.



2.3 Statistical analysis

MR analysis utilized SNPs as proxies for predicting the impact of special diets on osteoporosis risk. The study employed the fixed-effects inverse-variance weighted (IVW) method as the primary technique to estimate the association between the genetic prediction level of special diets and osteoporosis risk (15). The IVW method combines Wald estimates for each SNP using a meta-analysis approach to derive an overall estimate of the effect of special diets on osteoporosis. The IVW method is capable of providing unbiased estimates if horizontal or vertical pleiotropy is balanced. Sensitivity analysis was conducted using the weighted median approach, which allowed for the inclusion of invalid genetic variants while still producing a consistent point estimate (16). The InSIDE hypothesis formed the basis for the MR-Egger method, which provides a valid test of the null associational hypothesis and a consistent estimate of the associational effect, even if all genetic variants are invalid IVs. However, the MR-Egger method may produce inaccurate estimates and may be significantly influenced by external genetic variants (17). Lastly, the MR-PRESSO method used a global test to assess horizontal pleiotropy and outliers, as well as to compare results before and after outliers was removed (18).

In each analysis of special diets and osteoporosis, Cochran’s Q statistics were employed to quantify the heterogeneity between IVs (19). In the event that heterogeneity is detected (PCochran’sQ < 0.05), the multiplicative random-effects IVW model is implemented to circumvent the bias toward weaker instrument exposure associations (20). The MR-Egger intercept test utilized the intercept term to assess pleiotropy (21). If a significant difference between the intercept term and zero exists, it is plausible that there is horizontal pleiotropy between IVs. Additionally, forest plots, scatter plots, funnel plots, and leave-one-out analysis plots were generated to depict the results with high-confidence. Specifically, the forest plot intuitively presents the impact of each SNP on the outcome, while the leave-one-out analysis determines the visual robustness of the results. The scatter plot illustrates the fitting results of various MR analyses, and the funnel plot visually evaluates the heterogeneity of IVs.

The 95% confidence interval (CI) of the odds ratio (OR) was utilized to estimate the association between special diets and osteoporosis. A suggestive correlation was established if p < 0.05, whereas high-confidence associations survived multiple tests with a threshold of 0.006 (= 0.05/8) by Bonferroni correction.

All data analysis in this study was executed using R software (version 4.1.3). The R packages utilized for MR analyses included TwoSampleMR (22) and MR-PRESSO (18) packages.




3 Results


3.1 Special diet and osteoporosis

Supplementary Table S3 presents the distinct characteristics of 346 IVs across 8 special diets. With all IVs exhibiting F statistics exceeding 10 (minimum = 16, maximum = 672), the risk of weak instrument bias is effectively mitigated. By referencing Supplementary Table S4 and Figure 2, the fixed-effects IVW method indicated that osteoporosis (self-reported) was significantly associated with ALL (OR: 0.949, 95%CI: 0.929–0.970, p = 3.00E-06), GLUTEN (OR: 1.080, 95%CI: 1.048–1.112, p = 4.23E-07) and NOWHEAT (OR: 1.053, 95%CI: 1.018–1.089, p = 2.23E-03), while NOSUGAR (OR: 1.036, 95%CI: 1.005–1.068, p = 1.97E-02) was suggestively associated. Notably, evidence of heterogeneity was found in NOWHEAT (PCochran’s Q < 0.05), suggesting the possibility of fixed-effects IVW estimation bias (refer to Supplementary Table S5). However, the random-effects IVW method proposed a suggestive association between NOWHEAT and osteoporosis (self-reported). Results of sensitivity analyses, except for MR-Egger, were directionally consistent with the IVW method. The MR-Egger analysis revealed a conflicting point estimate for the association between SUGAR and osteoporosis (self-reported) in comparison to the main analysis (IVW method). No horizontal pleiotropy was observed in the MR-Egger intercept test (shown in Supplementary Table S5). Lastly, the MR-PRESSO Global Test identified no outliers in the four specific diets (refer to Supplementary Table S5). In summary, significant associations between these diets and osteoporosis (self-reported) were visually confirmed (shown in Supplementary Figures S1–S4).
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FIGURE 2
 Forest plot showing results from Mendelian randomization study to assess associations between special diets and osteoporosis (self-reported). nSNP, number of single-nucleotide polymorphisms; OR, odds ratio; CI, confidence interval; all, Eggs, dairy, wheat, sugar: I eat all of the above; gluten, Type of special diet followed: Gluten-free; nosugar, Never eat sugar: Sugar or foods/drinks containing sugar; nowheat, Never eat wheat: Wheat or products containing wheat.


In order to argue the study’s credibility, a secondary outcome - osteoporosis diagnoses - was incorporated as a validation measure. Despite the smaller number of cases (1976) for diagnosed osteoporosis compared to self-reported osteoporosis (number of cases: 7,547), the clearly diagnosed osteoporosis patients provide high reliability to the sample’s osteoporosis diagnosis. Supplementary Table S6 and Figure 3 indicate that although the 4 specialized diets are also linked to osteoporosis diagnoses, the strength of their association differs considerably from that of self-reported osteoporosis. Only GLUTEN exhibits a significant association with osteoporosis diagnoses. The sensitivity analyses were directionally consistent with the IVW method. MR-Egger intercept testing revealed horizontal pleiotropy in ALL and NOWHEAT (shown in Supplementary Table S7), indicating that there are unknown factors, other than ALL and NOWHEAT, that affect osteoporosis diagnoses. Consequently, we cannot establish a causal relationship between the two specialized diets and osteoporosis diagnoses. Finally, the association between GLUTEN, NOSUGAR, and osteoporosis diagnoses is visualized in Supplementary Figures S5, S6.

[image: Figure 3]

FIGURE 3
 Forest plot showing results from Mendelian randomization study to assess associations between special diets and osteoporosis (diagnoses). nSNP, number of single-nucleotide polymorphisms; OR, odds ratio; CI, confidence interval; all, Eggs, dairy, wheat, sugar: I eat all of the above; gluten, Type of special diet followed: Gluten-free; nosugar, Never eat sugar: Sugar or foods/drinks containing sugar; nowheat, Never eat wheat: Wheat or products containing wheat.




3.2 Special diet and bone mineral density

The BMD serves as a valuable indicator for the diagnosis of osteoporosis. In this study, we analyzed five distinct BMD sites separately to determine the specific impact of specialized diets on osteoporosis. Figure 4 presents the selected sites along with concise information.

[image: Figure 4]

FIGURE 4
 Bone mineral density selected sites and brief results.


As evidenced by Supplementary Table S8 and Figure 5, there was a suggestive association between genetically predicted ALL (OR: 3.735, 95%CI: 1.312–10.637, p = 1.36E-02) and an increase in Ultradistal forearm BMD. Cochran’s Q test did not reveal any heterogeneity between the IVs of ALL and Ultradistal forearm BMD (shown in Supplementary Table S9). In conducting sensitivity analysis, the MR-Egger method yielded a point estimate that was consistent with that of the IVW method, and no horizontal pleiotropy was detected by the MR-Egger regression intercept (shown in Supplementary Table S9). Moreover, further global tests did not uncover any outliers (shown in Supplementary Table S9).

[image: Figure 5]

FIGURE 5
 Forest plot showing results from Mendelian randomization study to assess associations between special diets and Ultradistal forearm BMD. nSNP, number of single-nucleotide polymorphisms; OR, odds ratio; CI, confidence interval; all, Eggs, dairy, wheat, sugar: I eat all of the above.


As per Supplementary Table S10 and Figure 6, we observed significant associations between heel BMD and ALL (OR: 0.801, 95%CI: 0.685–0.937, p = 5.59E-03), GLUTEN (OR: 0.562, 95%CI: 0.426–0.742, p = 4.69E-05), and NOWHEAT (OR: 0.683, 95%CI: 0.523–0.891, p = 5.07E-03) in the fixed-effects IVW method. However, heterogeneity was observed in all 3 special diets (PCochran’s Q < 0.05), indicating a possible bias in the fixed-effects IVW estimation (Supplementary Table S11). On the other hand, the random-effects IVW method did not show any association between ALL, GLUTEN, NOWHEAT, and heel BMD.
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FIGURE 6
 Forest plot showing results from Mendelian randomization study to assess associations between special diets and heel BMD. nSNP, number of single-nucleotide polymorphisms; OR, odds ratio; CI, confidence interval; all, Eggs, dairy, wheat, sugar: I eat all of the above; gluten, Type of special diet followed: Gluten-free; nowheat, Never eat wheat: Wheat or products containing wheat.


The MR-Egger sensitivity analysis indicated a contradictory point estimation of the association between GLUTEN and heel BMD compared to the main analysis (IVW method), but no horizontal pleiotropy was identified in the MR-Egger intercept test (Supplementary Table S11). The MR-PRESSO Global Test detected outliers in all 3 special diets (Supplementary Table S11), and after their exclusion, there was no association observed either.

There exists no correlation between the BMD of the residual 3 portions and specialized diets. Specific outcomes are exhibited in Supplementary Tables S12–S17.




4 Discussion

In this two-sample MR study, we explicated the correlation between 8 special diets and the incidence of osteoporosis or BMD. Also, we discovered a highly plausible relationship between GLUTEN and osteoporosis. Furthermore, we have also observed suggestive connections between ALL, NOSUGAR, and NOWHEAT, and osteoporosis.

Gluten-free diet (GFD) specifically eliminates gluten of diet, which is the chief protein constituent in wheat, rye, and barley (23). And it is also the primary cause of Celiac Disease (CD). Currently, the sole effective treatment for CD is a stringent lifelong GFD (24). As the implementation of a specialized GFD has been shown to be fraught with challenges and difficulties (23, 25), we deem it unlikely for individuals to undertake stringent GFD autonomously without medical guidance. Therefore, in this study, we believe that the crowd of GFD overlaps with the crowd of CD. And CD’s various complications, including osteoporosis.

The main cause for the association between CD and low BMD lies primarily in the characteristic malabsorption, resulting in deficiencies in vitamin D and intestinal calcium absorption. In addition, given the close hormonal interrelationship, deficiencies in calcium and vitamin D stimulate the secretion of parathormone (PTH), and hyperparathyroidism itself becomes another contributing factor, as elevated levels of PTH have been linked to bone mass loss through the activation of bone resorption (26). Combining with previous research (26–28), it is shown that GFD only exhibits significant improvement in BMD for CD patients initially presenting with secondary hyperparathyroidism, low serum calcium, and vitamin D. We can infer that gluten initiates the onset of CD in specific populations, and the occurrence of CD affects bone metabolism, leading to declining BMD and the manifestation of osteoporosis. According to this speculation, the elimination of the pathogenic source is the clearest approach, where lifelong abstinence from gluten should improve both CD and BMD simultaneously. Existing studies have also confirmed that while GFD cannot fully restore BMD to normal levels, it still exerts a positive effect on BMD improvement (29).

However, it is important to note that gluten merely acts as a “key” to trigger the onset of CD in specific populations, and the direct impact of gluten on the skeletal system has not been investigated. The establishment of steady-state in the skeletal system relies on the dynamic balance between bone formation and resorption (30). GFD blocks the entry of gluten to halt the destructive effects of CD on the skeletal system, reducing the outflow of bone mineral loss. However, if gluten is a component of bone formation, limiting its entry would impede new bone formation, making it challenging for BMD to fully recover to a normal state, which aligns with the aforementioned research findings (29). Similarly, the most significant correlation observed in this study is the promotive effect of GFD on the incidence of osteoporosis. Aligning with the superior strategy of GFD (gluten is the protein in wheat, so avoiding wheat will inevitably avoid gluten), the avoidance of wheat (NOWHEAT) exhibits the same outcome, while the consumption of wheat (ALL) in contrast demonstrates an inhibitory effect on the risk of osteoporosis. It is thus reasonable to believe that gluten merely triggers the onset of CD in specific populations without direct bone resorption effects, and it may even have a role in bone formation or promoting osteogenesis.

In accordance with a systematic review conducted in 2018, excessive consumption of sugar potentially carries the risk for osteoporosis (31). This hypothesis was initially confirmed in 2023 through a cohort study of 6,620 young individuals aged between 18 and 23 in Brazil, which demonstrated a correlation between frequent intake of sugary drinks and low lumbar BMD (32). While there are currently no further clinical studies examining the impact of dietary sugar intake on osteoporosis, the effect of sugar on BMD is worth considering. Diabetes, a metabolic condition characterized by hyperglycemia (33), is believed to affect bone remodeling and turnover, leading to defects in bone material quality. Apart from other organs, diabetes affects bone through impairment of glucose metabolism, toxic effects of glucose oxidative derivatives, and impairment of bone microvascular and muscle endocrine function (34). Recent animal experiments have shown that the “high glucose and high-fat diet”-induced ferroptosis in osteoblasts may be the primary cause of osteoporosis in diabetes through the activation of the METTL3/ASK1-p38 signaling pathway (35, 36). Combining the preliminary results of the relationship between sugar intake and osteoporosis obtained in this study, it is apparent that both excess and abstain from sugar consumption can lead to the onset of osteoporosis. Given the essential relationship between sugar and BMD, we can further hypothesize that since there needs to be a steady state between sugar and BMD, sugar may have an effect on BMD, and bone may also have an impact on glucose metabolism. This conjecture was confirmed in a 2020 study (37). Consequently, for the management of diabetic patients, commencing with the improvement of the bone environment may be a novel and promising idea.

Contrary to conventional wisdom, which posits the bone-strengthening benefits of milk and dairy products (38, 39), this study yielded unexpected results by indicating no correlation between the avoidance of dairy products and osteoporosis. This finding can be interpreted in a number of ways. For instance, dietary supplements are sufficient in compensating for the nutritional deficiency caused by the rejection of dairy products or dairy products themselves have no impact on bone health. While certain studies have suggested that dairy products play an irreplaceable role in bone health (40), meta-analyses of numerous large-scale clinical cohorts have demonstrated that the positive effects of consuming milk and dairy products on osteoporosis and fracture risk, as reported in cross-sectional and case–control studies, were not found in cohorts. Due to the heightened reliability of cohort studies over case–control studies, it is not the case that there exists a link between dairy products and osteoporosis and fractures (41, 42). This discovery merits a comprehensive investigation into the relationship between dairy products and bone health.

The impact of ceasing egg intake on osteoporosis was not observed in this study, despite the fact that eggs constitute a primary source of daily protein intake. Nonetheless, in contrast to the equivocal role of dairy products, research has suggested that eggs may have a beneficial effect on bone health. A cross-sectional study found a favorable association between whole egg consumption and bone mineral density (43). Additionally, an oral peptide derived from egg yolk is believed to promote bone repair in mice (44), and the duck egg white-derived peptide VSEE (Val-ser-glu-glu) has been demonstrated to enhance bone repair through the wnt/β-catenin signaling pathway, as well as regulate bone and lipid metabolism through gut microbiota (45). Furthermore, a retrospective study in Spain demonstrated that eggs also regulate osteoporosis induced by vitamin D deficiency (46). In summary, while eggs may impact bone health, the mechanisms underlying their effects are multifaceted, and abstaining from egg consumption is not detrimental to bone health.

Some scholars contend that the vegetarian diet, which engender controversy, can lead to a deficiency of calcium and vitamin D, potentially resulting in adverse impacts on bone mineral density (47, 48). A cross-sectional study conducted in Poland has suggested that vegetarian diets may be associated with an increased risk of nutrient deficiencies, as well as decreased bone mineral content and height, although the nutrient deficiency was insignificant among vegetarians (49). However, recent studies have presented differing perspectives. One three-year retrospective survey found no link between vegetarianism and BMD, except for women aged 40–55 (50). Additionally, despite the distinct acid–base profiles of vegetarians and omnivores, no association was found between bone health and the range from alkaline to low acid load (51). Vegetarian diets typically contain many other micronutrients vital for bone health, including vitamins C and K, carotenoids, potassium, and magnesium, among others (52). Thus, taking into account the conclusions of MR, this study proposes that there may be no association between a vegetarian diet and osteoporosis.

The study on the low-calorie diet is the most equivocal among investigations. Not only was there no correlation with osteoporosis in this study, but the inquiry into the relationship between calorie restriction (CR) and bone health has not been renewed for a prolonged duration. In 2014, a study alluded to the unfavorable effects of CR on trabecular and cortical bone (53), but in the updated systematic review of 2019, it was demonstrated that CR appears to decrease BMD, while it does not appear to impact bone integrity (54).

One of the merits of this study is the exploration of the relationship between osteoporosis and multiple special diets through MR analysis, which renders it the most extensive study to characterize the correlations between diet and osteoporosis. Moreover, the MR design itself remains impervious to residual clutter. By employing various MR methods to eliminate SNPs associated with multiple special diets, we have eliminated the effects of potential pleiotropy on the results, thus making it less likely for horizontal pleiotropy to disrupt our findings. Furthermore, the genetic variants in special diets and osteoporosis are derived from summary-level data from GWAS with large sample sizes, which is another advantage of this study.

However, this study also has some limitations. Firstly, although we have taken control measures, IVs may still have unmeasurable confounding and has affected the outcome as a result. Secondly, many IVs rely on monotonicity conditions, which means estimating the IVs effect under monotonicity often involves an unrecognized subgroup in the study population. Using subgroup results to guide decision-making is not an ideal method, and if more information is provided, the correlation between the subgroup effects will significantly increase (55). Our IVs are genetic variants identified from the United Kingdom Biobank, and we only know the size of the subgroup of IV origins, while the specific characteristics of this subgroup remain unknown to us. Additionally, it is difficult to quantify the sensitivity of effect estimation to monotonicity bias. Therefore, our analysis may violate monotonicity, which may render our results unsuitable for an extension to a larger population. Thirdly, while bone mineral density is the gold standard for the diagnosis of osteoporosis, only the Ultradistal forearm BMD suggested an association with special diets in this study. However, this index is usually not used in the clinical diagnosis of osteoporosis. Given that special diets are associated with osteoporosis, but almost not associated with its diagnostic criteria, we believe that a larger database should be used to verify the results. Finally, although the MR method can provide associational estimates, the results reported here cannot automatically be assumed to be causal because there is considerable room for other explanations. For example, GFD is not only limited to gluten but also other nutrients because of the elimination of certain grains. Some people use pre-prepared processed foods that are GF, which may have higher levels of sodium. Others might consume more GF starches such as potatoes and rice, therefore, overall nutrients from GFD could be quite variable and if not executed appropriately such diets could lead to nutrient deficiency beyond GF. Many people use GF diets even though they do not have CD either because they suspect they have gluten allergy or they think GF diets are healthier due to perhaps low carbohydrate levels. But we think this study, it is still one of the results with higher credibility and has considerable in-depth value.

Therefore, our findings should be interpreted with caution, and well-designed prospective studies are still needed to confirm our results in the future.



5 Conclusion

This work characterizes the correlations between genetically predicted special diets and osteoporosis. Our study preliminarily showed that simultaneous intake of eggs, dairy, wheat, and sugar could significantly reduce the risk of osteoporosis; and the abstain of gluten, wheat, and sugar could raise the risk of osteoporosis. Moreover, based on the results, a hypothesis was put forward that apart from CD, GFD for treating CD also caused osteoporosis. Our results should be interpreted carefully, and well-designed prospective studies are still needed to confirm our findings in the future.
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Objective: Regardless of the fact that Universities of Third Age (UTA's) are becoming more and more popular among seniors there are not many available studies examining the impact of conducted educational activities on seniors' adherence to health-promoting activities. The aim of the study was to compare health behaviors (e.g.,: physical activity, eating habits, alcohol consumption, tobacco smoking, preventive tests performance) between seniors attending and not attending UTA's classes.

Methods: The study involved 631 (100%) seniors aged 60–92 years (x =70.28 ± 6.09 years). The majority of the study group were women (475; 75.28%). To conduct the study, a proprietary questionnaire was used, consisting of questions regarding the discussed topic and basic questions including: age, gender, place of residence and education. Polish versions of standardized questionnaire—“My eating behaviors” examine eating behaviors of the respondents. The Chi2 test was used for qualitative data, and for quantitative data—the Mann-Whitney U test (No normal distribution: T S-W< 0.001). Linear and logistic regression models were used to check whether the associations would remain after adjustments for potential cofounders. The level of statistical significance was set at α < 0.05.

Results: Number of seniors participating in UTA's activities was higher in terms of engaging in: actively spending free time (261; 73.73% vs. 93; 26.27%; p < 0.001), regular physical activity (270; 76.27% vs. 133; 48.01%; p < 0.001), self-assessment of physical activity (259; 73.16% vs. 95; 26.84%; p = 0.004), duration of physical activity (<0.001), past tobacco smoking (133; 37.57 vs. 76; 27.44%; p = 0.007) and alcohol consumption depending on the habit frequency (p < 0.001). Number of seniors not participating in UTA's classes was lower in terms of: regular annual dental controls (161; 58.12%; vs. 265; 74.86%; p < 0.001), regular self-examination of breasts/testicles (148; 53.43% vs. 218; 61.58%; p = 0.04) and regular laboratory tests (232; 83.75% vs. 318; 89.83%; p = 0.02).

Conclusions: Health-promoting behaviors of seniors attending classes at the UTA's were more correct in terms of physical activity, adequate attendance with preventive test and worst in terms of alcohol consumption. Overall picture allows to conclude that participation in UTA's classes seems to have a positive impact on the examined health-promoting behaviors of the surveyed seniors.
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Introduction

The World Health Organization (WHO) has defined health as “a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity” (1, 2).

According to Lalonde's concept of “health fields”, it can be clearly seen that lifestyle has the greatest impact on human health and constitutes 50% of the factors determining it. Other factors are: the environment (all external elements surrounding a person)-−20%, the biology of the human body (sex, age, genetic factors)-−20% and the organization of medical care−10% (3–6).

In every age group, including seniors, prevention is particularly important in order to eliminate harmful risk factors for many diseases, including the circulatory system and cancer (7). The diseases mentioned are the most common diseases in the world. Elements of an unhealthy lifestyle including: improper diet, overweight/obesity, smoking, little or no physical activity and alcohol abuse strongly contribute to their development (8).

The above-mentioned information has become the basis for the development of health promotion worldwide, and the concept of “healthy lifestyle”—conscious action aimed at improving or maintaining health—has gained popularity (3). A healthy lifestyle includes, among others: diet, physical activity, not using stimulants (not smoking, limiting alcohol consumption) and monitoring one's own health by e.g., performing regular preventive test.

According to available studies adherence to health behaviors among seniors is not good enough and the importance and need of behavioral interventions in this area were highlighted in the literature (9, 10). Liu et al. in their study regarding adherence to health promoting behaviors of seniors ≥60 years of age stated that full adherence rate to blood pressure monitoring among 19,800 participants was lover than 20% (11). Agrawal S. et al. showed in their study of numerous health-promoting activities that out of 1,000 adult Poles examined, the percentage of people performing blood lipid tests was approximately 59.1%, and controlling glucose concentration 65.8% (12). Whereas, Calas et al. found that among 2,620 participants of their study, only about 49% engaged in physical activity and Zaragoza-Marti et al. in the group of 341 respondents older than 60 years, found that many of them has nutritional deficits e.g., in in the case of vitamin D, essential for maintaining good bone health, and iodine, important for endocrine–metabolic control (13, 14).

In Poland, the founder of the first University of the Third Age (UTA's) established in 1975 in Warsaw was prof. Halina Szwarc. It was a part of the Postgraduate Center for Medical Staff Education. Its assumptions were: the possibility of educating seniors who could not receive education in their youth and improving the quality of their lives, as well as implementing a continuing education program and conducting gerontological research.

Thanks to participation in UTA's classes, seniors can develop and pursue their youthful interests and passions through various forms of self-education, including: getting to know the environment, being in a group, acceptance, expanding knowledge and skills, filling free time, learning new technologies and ways of communicating. UTA's also help meet the psychosocial and health needs of seniors (15). In addition, they counteract the marginalization of seniors, and participation in the offered activities ensures good wellbeing, stress reduction and increased physical activity (16, 17). Many UTA's offer classes on health education and learning healthy habits, which are very popular among seniors. UTA's also organizes many meetings with experts and other events on health prevention, from which participants can gain knowledge about a healthy lifestyle (18).

Regardless of the fact that UTA's is becoming more and more popular among seniors there are not many available studies examining the impact of educational activities on seniors' adherence to health-promoting activities.

The aim of the study was to compare health behaviors (e.g.,: physical activity, eating habits, alcohol consumption, tobacco smoking, preventive tests performance) between seniors attending and not attending UTA's classes.



Materials and methods

The cross-sectional study was conducted after obtaining consent from the Bioethics Committee of the Medical University of Silesia in Katowice (PCN/0022/KB1/36/21). All methods used in this study were consistent with applicable guidelines and regulations on conducting scientific research, and all seniors gave their informed consent to participate in it.

The participants inclusion criteria for the study included: voluntary, informed consent to participate in the study, ability to follow instructions, ability to read and no need for help from other people in completing the questionnaire.

The study involved 631 (100%) seniors from Silesia Voivodeship, Poland. Participants were recruited from Polish Universities of Third Age attendees (354 seniors) and among researcher's families' members and friends, as well as the researchers' neighbors (277 seniors) who did not participate in Universities of Third Age classes/lectures. The above-mentioned respondents who did not attend UTA's classes were also asked to give the study sets, described below, to their friends and families' members. It can therefore be concluded that the snowball method was used to recruit the seniors not attending UTA's classes. Data were collected from 2019 to 2020.

To conduct the study, an original survey questionnaire was used, consisting of questions regarding the discussed topic and basic questions including: age, gender, place of residence and level of education. Questions assessing health-promoting behaviors in the field of: how to spend free time, regularity of physical activity, self-assessment of physical activity, data on smoking, alcohol consumption and regularity of diagnostic tests and visits to the doctor were the proprietary questions designed by authors. Eating behaviors were assessed using a Polish standardized questionnaire—“My Eating Behaviors” (19). The internal consistency of the questionnaire was examined using the Cronbach's alpha coefficient—alfa = 0.82.

Respondent form UTA's “+” group were invited to participate in the study before and during breaks in UTA's classes. Each respondent, who gave informed consent to participate, received the survey questionnaire in an unmarked white envelope (study set) and sat at a prepared table at a distance that made it impossible to see the responses of another survey participant or communicate. After completing the survey, the respondent placed the paper questionnaire in the above-mentioned white unmarked envelope, which was sealed and placed in a prepared closed box. After filling the box with envelopes, the researchers transported them to the science lab, where the box was opened. Then, the researchers opened individual envelopes, took out the completed questionnaires and entered the selected answers into the database. A similar procedure applied to UTA“–” participants. After obtaining their informed consent to participate in the study, they received the study set and completed the questionnaires independently in their homes. They also passed mentioned sets to their family members and friends. Sealed envelopes with answers and signed informed consents were handed over to the researchers and transported to the science lab. The further procedure was the same as for UTA”+” participants. As mentioned before completing the study questionnaire was completely anonymous and voluntary. The methods used to collect the questionnaires (placing them in white unmarked envelopes after completing them, collecting the envelopes in one secured place, opening them only when entering the obtained results into the database) made it impossible to identify the participants of the study.

For the purposes of the analyses, the surveyed seniors were divided depending on their attendance at classes at UTA's. Statistica 13.3 (StatSoft Poland) was used to perform statistical analyses. The Chi2 test was used for qualitative data, and for quantitative data—the Mann-Whitney U test (No normal distribution: T S-W < 0.001). Further analyses using multiple and logistic regressions models were used to identify whether the associations would remain after adjustments for potential cofounders (categorical: sex, place of residence, UTA's participation and continuous: age). There was no missing data. The level of statistical significance was set at α < 0.05.



Results

Table 1 shows the general characteristics of the study group.


TABLE 1 General characteristics of the study group (n = 631).
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Participants were from 60 to 92 years of age ([image: image] =70.28 ± 6.09 years). The majority of the surveyed group were women (475; 75.28%), and most respondents had secondary education (292; 46.28%). Approximately 32% (195; 31.90%) of the surveyed seniors lived in rural areas, and over 55% (354; 65.10%) of the respondents declared that they participated in classes at UTA's.

Table 2 presents the characteristics of the study group of seniors, including physical activity according to the participation in the UTA's.


TABLE 2 Physical activity according to the participation in the University of the Third Age (n = 631).
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The proportion of seniors more often declaring spending their free time actively was higher among those attending UTA's classes than those who did not (261; 73.73% vs. 125; 45.13%). The Chi2 test confirmed the statistical significance of the observed differences (p < 0.001). The above-mentioned test also confirmed that number of seniors participating in UTA's activities was higher in terms of engaging in regular physical activity (270; 76.27% vs. 133; 48.01%; p < 0.001) and describing themselves as physically active (259; 73.16% vs. 173; 62.45 %; p = 0.004).

Table 3 presents the characteristics of the studied group of seniors, including descriptive statistics and the results of the differences analysis depending on the time of physical activity undertaken, numbers of point obtained in the “My Eating Habits” questionnaire and participation in activities of UTA's.


TABLE 3 Descriptive statistics and the results of the differences analyses depending on the time of physical activity undertaken, numbers of point obtained in the “My Eating Habits” questionnaire and participation in activities of Universities of the Third Age.
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The Mann-Whitney U test showed that the analyzed groups of seniors differed significantly in terms of time spent on physical activity during the day (p < 0.001), but not in terms of the points obtained in the “My Eating Habits” questionnaire (p = 0.23).

Table 4 presents the characteristics of the study group of seniors, including alcohol and tobacco smoking habits according to the participation in the in the UTA's.


TABLE 4 Alcohol and tobacco smoking habits according to the participation in the in the University of the Third Age (n = 631).
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Tobacco smoking was declared by only 57 (9.03%) seniors in total, and the difference in the number of respondents consuming alcohol depending on the frequency was statistically significant (p < 0.001) and showed that daily alcohol consumption was declared by more respondents in the group not participating in classes at UTA's.

Table 5 presents the characteristics of the study group, including rregular preventive examinations according to the participation in UTA's classes and Table 6 presents the characteristics of the performance of preventive tests recommended for women according to the participation in the UTA's.


TABLE 5 Regular preventive examinations according to the participation in Third Age Universities classes (n = 631).
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TABLE 6 Performance of preventive tests recommended for women according to the participation in the University of the Third Age (n = 475).
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Over 85% of seniors participating and not participating in UTA's activities were under the constant care of a family doctor, while regular dental check-ups were not carried out by approximately [image: image] (89; 14%) and over 40% (116; 41.88%) of them, respectively. The Chi2 test showed statistically significant differences in the number of seniors who regularly check their teeth (p < 0.001), perform self-examination of their breasts/testicles (p = 0.04) and perform regular laboratory tests (p = 0.02) over respondents attending and not attending UTA's classes.

Regular gynecological check-ups were declared by over 60% (191; 62.83%) of women participating in UTA's and approximately 55% (93; 54.39%) of those who denied the above-mentioned activity, and regular cytological tests were declared by approximately 60% (178; 58.55%) women attending and just over 50% (89; 52.05%) of those not attending UTA's. The observed differences in the numbers of individual groups were not statistically significant (p = 0.07 and p = 0.17).

Tables 7, 8 present the characteristics of the study group, including the procedure of logistic and multiple regression analyzes of the impact of sex, age, place of residence and participation in UTA's on studied health-promoting activities.


TABLE 7 Characteristic of study group taking into account logistic regression results.
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TABLE 8 Characteristic of study group taking into account multiple regression results of time spent on physical activity.
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All logistic regression models created for individual health-promoting behaviors in order to determine the impact of gender, age, place of residence and attending classes at UTAs on the likelihood of engaging in health-promoting behaviors vs. not engaging in them turned out to be statistically significant. Only models describing the impact of additional factors on tobacco smoking in the past (p = 0.143), regular laboratory tests (p = 0.808) and regular self-examination of breast/testicles (p = 0.994) showed no impact of attending UTA's classes.

We tested if sex, age, place of residence and attendance for UTA's classes significantly predicted participants' time spent on physical activity. The results of the regression indicated the three predictors explained 7.7% of the variance (R2 = 0.077, F = 12.292, p < 0.001). It was found that sex (β1 = −8.189, p < 0.027), age (β2 = −1.213, p < 0.001) and attendance for UTA's classes/lectures significantly predicted longer duration of physical activity (β3 = −11.104, p < 0.01).



Discussion

Conducted study proved positive impact of UTA's attendance at examined healthy behaviors.

Seniors attending UTA's classes were more active considering all physical activity indicators, probably because they had the opportunity to participate in physical activities organized by the UTA's to which they belonged, and also because thanks to the knowledge acquired during classes, they managed their free time more effectively (15). Similar results were obtained in our other study conducted in a group of seniors living in the cities of the Silesian agglomeration (20). Regular physical activity affects, among other things: increasing the efficiency of the circulatory system, lowering blood pressure, increasing the stroke volume of the heart and improving the elasticity of blood vessels and reducing the risk of developing atherosclerosis and its complications, reducing the risk of stroke, improving metabolism, and consequently therefore, treatment of obesity and overweight, reduction of stress, improvement of cognitive functions and improvement of logical thinking processes, as well as concentration of attention and memory (21–24). Research shows that regular physical activity promotes a better quality of life and even its extension (22, 25).

Our study also examined the use of stimulants by seniors. Less than 10% of the respondents declared that they smoked tobacco. However, Bartoszek et al. showed that almost 30% of the seniors they surveyed had contact with tobacco (26). As can be read in the 2019 Research Communication of the Public Opinion Research Center “Cigarette smoking”, one fourth of adult Poles (26%) smoked tobacco. Among them, regular smokers constituted 82%, and occasional smokers-−18%, and the quoted result has not changed since 2012, similar research was conducted (27). However, according to the Report from a nationwide survey on attitudes toward smoking, prepared by Kantar for the Chief Sanitary Inspectorate—(also in 2019), over one fifth of Poles (21%) admitted to smoking tobacco every day (28). Tobacco smoking is a risk factor for the development of cancer and is also a classic cardiovascular risk factor (29). There are many reports in the literature regarding the prevalence of smoking among young and middle-aged people, but not among seniors (30–32). Observed lack of differences both in passive and active smoking could be due to: small number of study group participants who smoked (giving up the addiction in the past -significant differences in respondents numbers) or were exposed to passive smoking. Moreover, age-related limitations, such as: increased time spent at home and reduced time spent in the company of smokers or lack of funds to buy tobacco could have played role in shaping of the results (33).

Daily alcohol consumption was declared by more seniors among the participants who did not take part in the activities of the UTA's. Observed results are disturbing and might be caused by various factors. One of them can be worst knowledge about the dangers of drinking alcohol. The study by Bartoszek et al. cited above showed that as many as 83.6% of seniors drank alcohol, although they indicated that they drank alcohol occasionally (26). Mihailovic et al. showed that the prevalence of alcohol consumption among people over 55 years of age in Serbia and Hungary was 41.5% and 62.5%, respectively. In both countries, alcohol was consumed more often by men than women (34). According to analyzes by the Organization for Economic Co-operation and Development (OECD), one Pole consumes on average 11.7 liters of pure alcohol per year. Taking into account gender, it should be noted that men in our country consumed 18.4 liters of pure alcohol per year, and women−5.6 liters (35). According to WHO, the average consumption of pure alcohol in Poland exceeds the European average. Alcohol abuse not only leads to the development of many cardiovascular diseases, cancer, gastrointestinal and endocrine problems and many others, but also leads to severe addictions, injuries and aggression. Mortality caused by alcohol consumption is higher than by diseases such as tuberculosis or AIDS (36).

As indicated by the results of the European Health Interview Survey (EHIS), older people often undergo basic preventive examinations (37). More than 85% of all surveyed seniors were under the constant care of a family doctor, while seniors participating in UTA's classes were more regular in performing breast/testicular self-examination, regular laboratory tests, and checking their teeth, compared to seniors not participating in the above-mentioned classes. Regular performance of the above-mentioned health-promoting activities and the observed differences between UTA “+” and UTA “–” seniors may result from the information presented during the classes and the knowledge acquired during them. Therefore, it can be concluded that UTA's students had better knowledge of health prevention and the benefits of regular examinations. Similar results were obtained in our previously cited other studies conducted in a group of seniors. However, there it was mainly due to living in cities and better access to medical services (20).

Regular gynecological check-ups were declared by over 60% of women participating in UTA's activities. Preventing reproductive system diseases in women requires regular check-ups with a doctor. In the study conducted in a group of younger women than in our study (age over 40), on average every third woman (41; 36%) had regular check-ups. Respondents reported for cytological examination at similar intervals as for check-up visits to a gynecologist—most often once a year (44; 39%) (38). Similar data were also obtained by Bojar et al. in a study on a group of 304 women, most of whom underwent cytology once a year (39). In Stanisławska's research, as many as 93.9% of respondents declared that they performed gynecological examinations once a year (40). In Poland, the cervical cancer prevention program, which includes cytological examination every 3 years, is addressed to women aged 25 to 64. After this time, you can consider stopping regular testing, but only if the results are in normal ranges.

Our study did not show a difference in the number of women regularly undergoing mammography examinations depending on their attendance at UTA's classes. Observed result can be caused by women age or lack in the knowledge of the importance of mammography. Pivot et al., in a group of French women aged 40–74, showed that the surveyed women underwent regular examinations. Similar results can be found in the Report of the Central Statistical Office (GUS), however, both of these studies were conducted in groups of younger women than our own studies (41, 42). Mammography is a recognized diagnostic method for the early detection of breast cancer. Population-based breast cancer prevention programs are aimed at women over 50 years of age. Similarly to cytology, in Poland the breast cancer prevention program, which includes mammography every 2 years, is addressed to women aged 45 to 74. After this time, you can consider quitting the regular test, but only if the results were correct, which may also affect the results obtained in your own study.

According to many studies and reports, Poles' eating habits are bad. The National Institute of Public Health of the National Institute of Hygiene (NIZP-PZH) in the study entitled: “The health situation of the Polish population and its determinants in 2020” revealed that: in the years 2010–2018, the amount of bread and flour eaten among Poles decreased by over 30%, the consumption of potatoes decreased by 35%, other vegetables—by 6%, and fruit consumption—increased by 6%. During the mentioned period, Poles increased their consumption of red meat products by as much as 120%. As it also turned out, an average Pole ate from 120 to 129 g of red meat and various meat products per day, meanwhile, according to the World Cancer Research Found (WCRF) and the American Institute for Cancer Research (AICR), the consumption of red meat for an adult should not exceed 71 grams. Fish consumption also decreased by as much as 40%. However, the number of confectionery products eaten by Poles, as well as crispbread, rice wafers and other bakery products, increased by 20% (43, 44). Our study showed that the analyzed groups of seniors did not differ significantly from each other in terms of the points obtained in the My Eating Habits questionnaire. The results of the current study indicated that participating in UTA activities might not influence eating habits. The lack of differences in eating habits could be caused by the occurrence of selected diseases for which specialized diet is an element of treatment and tertiary prevention, both among UTA's”+” and UTA “–” respondents. Compliance with the diet by at least some of the respondents could have influenced the obtained results.

In the regression models we found out a statistically significant impact of the factors included in the models (sex, age, place residence, attendance for UTA's classes) on health-promoting behaviors under study. Presented regression models showed that attendance in UTA's classes influenced taking health-promoting activities in the discussed areas.

Limitations of the study include but are not limited to: relatively small sample size, self-reported data by the participants, possible occurrence of Hawthorne's effect when obtaining answers and examined scope limited only to few health behaviors and possibly influencing them variables. Another limitation of the study is the fact that the authors did not analyze the exact content of the classes/lectures in which the surveyed seniors participated. This was due to restrictions on third parties wanting to take part in classes/lectures and the copyright of speaker's classes/lectures on a given topic. However, it was checked whether in a given academic year, classes on all the discussed health-promoting activities were held at a given University of Third Age.

Taking into account obtained results, UTA's future activities should focus on further education and making seniors and the constantly aging society aware of the benefits of adopting health-promoting behaviors, with particular emphasis on their impact on the quality and length of life.

Further research conducted in this area, on larger groups of respondents, should focus on further exploration of health-promoting behaviors undertaken in various groups of seniors, taking into account additional factors, such as existing diseases. The results obtained on the basis of this and further research regarding the positive effect of UTA's on the lives of seniors may support people managing various educational and local governmental institutions to take actions related to managing an increasing number of UTA's not only in Poland but also in other countries.



Conclusions

Health-promoting behaviors of seniors attending classes at the UTA's were more correct in terms of physical activity, adequate attendance with preventive test and worst in terms of alcohol consumption. Overall picture allows to conclude that participation in UTA's classes seems to have a positive impact on the examined health-promoting behaviors of the surveyed seniors. Nevertheless, there is a need to conduct educational activities to promote the benefits of participating in the activities of UTA's, contributing to an active and health-promoting lifestyle and, consequently, extending and improving its quality.
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Introduction: Despite observational studies suggest hypotheses indicating a potential link, the precise causal connection between sarcopenia and digestive system illnesses has not been clearly defined.

Methods: We first use Linkage Disequilibrium Score Regression (LDSC) testing to determine the genetic correlation of traits associated with sarcopenia and 10 specific gastrointestinal diseases. Subsequently, we performed a set of bidirectional Mendelian Randomization (MR) analyses to gauge the genetic inclination towards sarcopenia-related traits in relation to each gastrointestinal condition, individually, across the FinnGen, UK Biobank, and other extensive collaborative consortia. The analytical outcomes were synthesized using a fixed-effects meta-analytic model. For outcomes indicating substantial causal impacts, mediation MR analyses were executed. Additionally, a battery of sensitivity analyses was conducted to evaluate the study’s strength and dependability.

Results: Our findings established a strong causal link between appendicular lean mass and gastroesophageal reflux disease (OR  =  0.8607; 95% CI: 0.8345–0.8877; p <  0.0001) and a noteworthy correlation with nonalcoholic fatty liver disease (OR  =  0.7981; 95% CI: 0.7281–0.8749; p < 0.0001), as per the meta-analysis data. We also evaluated the intermediary role of metabolic disorders in the association between appendicular lean mass and the aforementioned diseases. The intermediary effect towards gastroesophageal reflux disease is quantified as 0.0087 (95% CI, 8e-04, 0.0183), accounting for 5.9398% (95% CI, 0.5462, 12.4940%) of the overall effect. For non-alcoholic fatty liver, the intermediary impact is 0.0150 (95% CI, 0.0050, 0.0270), representing 19.7808% (95% CI, 6.5936, 35.6055%) of the total effect.

Conclusion: The findings posit that augmenting muscle mass may serve as a preventative strategy against gastroesophageal reflux disease and non-alcoholic fatty liver, highlighting the critical role of metabolic disorder management in reducing the risks of these sarcopenia-related conditions.
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1 Introduction

Sarcopenia, a systemic and progressive condition affecting skeletal muscles, is characterized by a rapid decline in both muscle mass and strength (1). This condition is linked to numerous negative outcomes including increased risk of falls, reduced mobility, frailty, and mortality. Predominantly impacting the older demographic, it is a common issue among seniors, with estimates suggesting that it impacts between 10 and 16% of the older adult worldwide (2, 3). Sarcopenia can also develop in individuals during middle age and is associated with various health conditions. Although prior research in epidemiology has hinted at a possible link between sarcopenia and a range of gastrointestinal disorders, such as gastroesophageal reflux disease (GERD) (4), non-alcoholic fatty liver disease (NAFLD) (5) and gastrointestinal cancers (6), the existence of a causal relationship remains to be conclusively proven. This is largely due to the ongoing challenges posed by confounding factors and the risk of measurement errors.

In order to surmount these constraints, (7) devised a dependable technique for establishing causal connections between modifiable risk factors and health consequences. This approach utilizes genetic variants that are closely associated with the exposure in question as instrumental variables, a strategy known as Mendelian Randomization (MR). This technique has successfully navigated the common obstacles of confounding factors, the risk of reverse causality, and regression dilution bias, and it has become a favored method in the realm of observational epidemiology (8, 9).

To our knowledge, comprehensive MR studies that explore the causal links between sarcopenia and various gastrointestinal conditions, such as digestive tract tumors, have not yet been extensively undertaken. This study employs a bidirectional MR method to rigorously evaluate the causal relationship between sarcopenia and 10 distinct digestive system conditions, aiming to clarify the hypotheses from previous observational studies concerning their causal linkage. Elucidating the relationship between sarcopenia and digestive system diseases is crucial, as it could guide the development of preventive and treatment strategies. It is particularly important to determine if addressing sarcopenia could reduce the risk of gastrointestinal diseases, which could have a profound impact on the evolution of preventive medical approaches.



2 Materials and methods


2.1 Study design

As outlined in Figure 1, the design of our study commenced with the calculation of genetic correlations among traits associated with sarcopenia and 10 distinct gastrointestinal disorders. Following this, we carried out a series of bidirectional MR analyses to quantify the genetic predispositions to sarcopenia-related traits in relation to each gastrointestinal disease, separately within the FinnGen, UK Biobank, and additional large-scale collaborative groups. The results of these analyses were pooled using a fixed-effects meta-analytic model. Subsequently, for those outcomes demonstrating significant causal effects, we conducted mediation MR analyses. It is important to note that all research studies included herein had received approval from the appropriate ethics committees, and all participants had given their informed consent.

[image: Figure 1]

FIGURE 1
 Design of this Mendelian randomization (MR) study. This study utilized two independent genome-wide association studies (GWAS) datasets for gastrointestinal diseases. LDSC, Linkage Disequilibrium Score; IVW, inverse-variance weighted.




2.2 Data source for sarcopenia-related traits

Building on the knowledge from prior MR studies, we pinpointed appendicular lean mass (representing muscle mass), low grip strength (a measure of muscular power), and walking pace (indicative of muscle function) as critical sarcopenia metrics. For our analysis, we obtained instrumental variables for appendicular lean mass (ALM) from a Genome-Wide Association Study (GWAS) within the UK Biobank, which comprised 450,243 participants. ALM was quantified via bioelectrical impedance analysis (BIA), representing the total mass of the limbs excluding fat. We also identified instrumental variables for low grip strength from a GWAS meta-analysis involving 256,523 participants, with thresholds set at under 30 kg for men and under 20 kg for women. In addition, we sourced genetic instrumental variables for walking speed from GWAS data within the UK Biobank, which included 459,915 participants.



2.3 Data source for 10 digestive system disorders and metabolic disorders

Our study encompassed a comprehensive examination of ten distinct gastrointestinal disorders, categorized into four conditions affecting the upper gastrointestinal tract (GERD, esophageal cancer, gastric cancer, and gastroduodenal ulcer), one condition of the lower gastrointestinal tract (colorectal cancer), two pancreatic conditions (chronic pancreatitis and pancreatic cancer), and three liver-related diseases (NAFLD, liver cirrhosis, and liver cancer). The genetic associations at the summary level were obtained from studies conducted by the FinnGen consortium and the UK Biobank. Supplementary GWAS data were incorporated from multiple studies, such as those on gastroesophageal reflux disease by (10) (with 129,080 cases and 473,524 controls, as well as 20,381 cases and 464,217 controls), chronic pancreatitis (1,424 cases and 476,104 controls), esophageal cancer (98 cases and 475,308 controls), gastric cancer (1,029 cases and 475,087 controls), pancreatic cancer (1,196 cases and 475,049 controls), non-alcoholic fatty liver disease by (11) (8,434 cases and 770,180 controls), and liver cirrhosis (122 cases and 347,284 controls). Additionally, we considered metabolic disorders as possible mediators, and the pertinent findings are available through the FinnGen consortium. Supplementary Table S1 provides comprehensive details regarding the sources of the data presented.



2.4 Instruments selection

In our endeavor to ensure the accuracy and dependability of our dataset, we implemented a rigorous preprocessing protocol. We pinpointed independent Single Nucleotide Polymorphisms (SNPs) with a high degree of specificity (r2 < 0.001 and a clumping window of 10,000 kb) to act as instrumental variables for traits related to sarcopenia. These SNPs were chosen based on genome-wide significance (p < 5.0 × 10^-8) and a minimum minor allele frequency (MAF) of 0.01. We excluded palindromic SNPs from our set of instrumental variables and evaluated their suitability by calculating the F-statistic for each SNP linked to sarcopenia traits. The F-statistic was determined using the formula ((N − k − 1)/k) * (R2 /(1 − R2)), with N denoting the number of samples and k being the number of SNPs (12). SNPs with an F-statistic below 10 were excluded from our Mendelian Randomization (MR) analysis to reduce the likelihood of weak instrument bias. Conversely, for the reverse MR analysis, we applied a less stringent significance threshold of p < 5.0 × 10^-6 to detect SNPs associated with the ten gastrointestinal diseases, considering the scarcity of SNPs meeting the genome-wide significance threshold (p < 5.0 × 10^-8).



2.5 Statistical analysis


2.5.1 Genetic correlation analysis

Employing the Linkage Disequilibrium Score (LDSC) test, we estimated the genetic correlation (rg) between traits associated with sarcopenia and a set of ten gastrointestinal disorders. The LDSC approach assesses the correlation by examining the relationship between test statistics and linkage disequilibrium, which helps to distinguish between genuine polygenic effects and potential biases (13, 14). This method entails the multiplication of z-scores from variants of one trait with those from another trait’s variants. The genetic covariance is derived by regressing this multiplied value against the LD score. This covariance, when divided by SNP heritability, provides an estimate of the genetic correlation. We established a p value threshold of p < 0.0019 (0.05/27, applying the stringent Bonferroni correction) to denote statistical significance (15). p values ranging from 0.002 to 0.05 were taken as suggestive of a possible genetic correlation.



2.5.2 MR analysis

In our exploration of the causal relationships between sarcopenia-related traits and various digestive diseases, we deployed four distinct methodologies: inverse variance weighting (IVW), MR Egger, weighted median, and contamination mixture, with IVW serving as the primary analytical tool (16). Particularly, the contamination mixture method has proven its resilience and accuracy in MR analyses where instrumental variables may not be valid, showing the lowest mean square error among robust techniques in diverse real-world contexts (17). To ensure the credibility of our results, we measured the heterogeneity across different SNPs using Cochran’s Q statistic (18). In cases where substantial heterogeneity was identified in the MR analysis, we employed the IVW random effects model. Additionally, we availed ourselves of the MR-PRESSO tool to address any residual and outlier values that could indicate MR pleiotropy (19). For both scenarios, a p-value below 0.05 indicated the existence of heterogeneity or horizontal pleiotropy. Moreover, we performed a leave-one-out analysis to evaluate the specific contribution of each SNP to the overall results of our study (20).

Our analysis involved a meta-synthesis aimed at assessing the overall causal link between traits associated with sarcopenia and a set of ten gastrointestinal diseases, combining outcomes from both the exploratory and confirmatory phases of MR investigations. From the analysis, we omitted results that indicated pleiotropy. The selection of the effect model was guided by the degree of heterogeneity present in the data; a fixed-effects model was applied when heterogeneity was negligible (I2 ≤ 50%), and a random-effects model was used in the presence of significant heterogeneity (I2 > 50%). The findings from the meta-synthesis were taken as the conclusive causal determinations. Nonetheless, in scenarios where there was a single MR result, that particular result was decisive for the final causal interpretation. Statistical significance was established at a p-value below 0.0004 (0.05/114, adhering to stringent Bonferroni correction), while p-values ranging from 0.0004 to 0.05 were viewed as suggestive of a potential causal correlation.

Previous studies have shown that muscle mass loss is closely related to metabolic syndrome (21), in order to evaluate the potential role of metabolic disorders as mediators in the causal pathway between ALM and diseases like GERD or NAFLD, we conducted a two-stage MR analysis. The first stage was dedicated to determining the causal influence of ALM on metabolic disorders through Univariate MR (UVMR), quantified by the coefficient β1. The second stage utilized both UVMR and Multivariate MR (MVMR) to gauge the causal effect of metabolic disorders on GERD and NAFLD, taking into account the influence of ALM, with the MVMR coefficients represented as β2. The mediation effect of metabolic disorders was ascertained by the ratio of β1 to β2, and the 95% confidence interval for this ratio was established using the Delta method (22, 23). All analyses were performed with R packages (Two Sample MR、MVMR and MR-PRESSO) in R 4.3.1.





3 Results


3.1 Genetic correlation

Employing the LDSC regression technique, we assessed the genetic links between sarcopenia-associated characteristics and a variety of gastrointestinal conditions. As illustrated in Figure 2, the LDSC regression disclosed a noteworthy genetic association between ALM and GERD with a correlation coefficient (rg) of-0.1388 and a highly significant p-value of less than 0.0001. Similarly, ALM showed a notable genetic relationship with chronic pancreatitis, with an rg of 0.2122 and a p-value of 0.0006. The analysis also hinted at a potential genetic link between ALM and colorectal cancer (rg = −0.1260, p = 0.0028), NAFLD (rg = −0.1747, p = 0.0062), and liver cirrhosis (rg = 0.1364, p = 0.0043). In the case of reduced grip strength, a substantial genetic correlation with GERD was observed (rg = 0.2389, p < 0.0001). Moreover, a significant genetic correlation was detected between walking speed and several conditions: GERD (rg = −0.5952, p < 0.0001), NAFLD (rg = −0.4302, p < 0.0001), gastroduodenal ulcer (rg = −0.3490, p < 0.0001), and liver cirrhosis (rg = −0.2116, p = 0.0002). For comprehensive details on all genetic correlation results, please refer to Supplementary Table S2.
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FIGURE 2
 Circular heat map of suggestive genetic correlation between sarcopenia-related traits and 10 digestive system disorders. rg, genetic correlation.




3.2 MR analysis


3.2.1 Discovery results

Utilizing a discovery cohort, we delved into the causal interactions between characteristics associated with sarcopenia and a set of ten gastrointestinal diseases (refer to Supplementary Tables S3–S5 for specifics). The analysis uncovered a causal link where an increment in ALM per unit of log odds ratio (logOR) was correlated with four gastrointestinal conditions: GERD with an OR of 0.8598 (95% CI: 0.8220 to 0.8992; p < 0.0001), gastric cancer (OR: 1.1300; 95% CI: 1.0344 to 1.2343; p = 0.0067), colorectal cancer (OR: 0.7805; 95% CI: 0.6096 to 0.9992; p = 0.0493), and NAFLD (OR: 0.8124; 95% CI: 0.7342 to 0.8990; p < 0.0001). In addition, we detected a causal effect of diminished grip strength on GERD (OR: 1.2720; 95% CI: 1.0684 to 1.5145; p = 0.0069) and pancreatic cancer (OR: 1.7395; 95% CI: 1.1336 to 2.6693; p = 0.0113). Furthermore, a relationship was pinpointed between walking speed and several disorders: GERD (OR: 0.1184; 95% CI: 0.0819 to 0.1711; p < 0.0001), colorectal cancer (OR: 2.8346; 95% CI: 1.0351 to 7.7626; p = 0.0426), NAFLD (OR: 0.3961; 95% CI: 0.2111 to 0.7435; p = 0.0039), and gastroduodenal ulcer (OR: 0.9901; 95% CI: 0.9824 to 0.9979; p = 0.0127). The leave-one-out analysis revealed results that were consistent with the initial findings (Supplementary Figure S1). Sensitivity analyses indicated that certain findings displayed heterogeneity, yet no signs of pleiotropy were observed.

In the reverse MR analysis, we identified causal relationships between two types of digestive disorders and ALM, specifically gastroesophageal reflux disease (β: -0.0812; 95% CI: −0.1224 to-0.0400; p = 0.0001) and liver cancer (β: 9.7125; 95% CI: 1.500 to 17.9247; p = 0.0204). Additionally, we found a causal association between two types of digestive disorders and low grip strength, including gastroesophageal reflux disease (β: 0.1968; 95% CI: 0.1430 to 0.2506; p < 0.0001) and esophageal cancer (β: 0.0386; 95% CI: 0.0157 to 0.0616; p = 0.0009). Furthermore, a causal relationship was observed between two types of digestive disorders and walking pace, such as gastroesophageal reflux disease (β: -0.1329; 95% CI: −0.1456 to-0.1201; p < 0.0001) and liver cancer (β: -6.3579; 95% CI: −11.6900 to −1.0259; p = 0.0194). Analysis conducted through leave-one-out validation demonstrated outcomes that were analogous (Supplementary Figure S1). Sensitivity analysis indicated that some results displayed heterogeneity, with significant pleiotropy (p = 0.0110) detected only in the causal relationship between liver cancer and ALM. No pleiotropy was observed in the other causal relationships.



3.2.2 Replication results

In our replication cohort, we identified a causal relationship between ALM and two digestive disorders: GERD (OR: 0.8615; 95% CI: 0.8255 to 0.8991; p < 0.0001) and NAFLD (OR: 0.7350; 95% CI: 0.5911 to 0.9141; p = 0.0057). Furthermore, we observed associations between low grip strength and GERD (OR: 1.1363; 95% CI: 1.0119 to 1.2759; p = 0.0307), as well as between walking pace and GERD (OR: 0.3196; 95% CI: 0.2222 to 0.4595; p < 0.0001), and gastroduodenal ulcer (OR: 0.4050; 95% CI: 0.1646 to 0.9963; p = 0.0491). Sensitivity analysis indicated some heterogeneity in the findings, but no evidence of pleiotropy was observed. Contrary to our expectations, the reverse MR analysis failed to identify any causal relationships between the ten examined digestive diseases and traits related to sarcopenia. For comprehensive details on all MR analysis and sensitivity analyses results, please refer to Supplementary Tables S5, S6.



3.2.3 Combined results from the meta-analysis

The outcomes of our meta-analysis are detailed in Figures 3, 4 and Supplementary Table S6. We identified a robust causal relationship between ALM and GERD (OR = 0.8607; 95% CI: 0.8345–0.8877; p < 0.001), as well as a significant association with NAFLD (OR = 0.7981; 95% CI: 0.7281–0.8749; p = 0.0001). Additionally, the meta-analysis yielded suggestive evidence for a potential causal effect of ALM on gastric cancer (OR = 1.1300; 95% CI: 1.0344 to 1.2343; p = 0.0067). Evidence was also found suggesting that low grip strength may have a causal effect on GERD (OR = 1.1762; 95% CI: 1.0680 to 1.2955; p = 0.0010) and pancreatic cancer (OR = 1.7706; 95% CI: 1.2193 to 2.5710; p = 0.0027). Moreover, our meta-analysis provided suggestive evidence for potential causal effects of walking speed on GERD (OR = 0.1946; 95% CI: 0.0736 to 0.5149; p = 0.0010) and colorectal cancer (OR = 0.4552; 95% CI: 0.2502 to 0.8282; p = 0.0100). In the reverse MR analysis, we observed suggestive evidence of potential causal relationships between chronic pancreatitis and walking speed (β = −0.0031; 95% CI: −0.0059 to −0.0004; p = 0.0259), as well as between esophageal cancer and low grip strength (β = 0.0386; 95% CI: 0.0157–0.0616; p = 0.0010).
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FIGURE 3
 Associations of genetic liability to appendicular lean mass with digestive system disorders.
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FIGURE 4
 Summary of associations of genetically predicted sarcopenia-related traits and 10 digestive system disorders. Numbers in the boxes are ORs for associations of exposure and each gastrointestinal outcome. Statistical significance was established at a p-value <0.0004, while p-values ranging from 0.0004 to 0.05 were viewed as suggestive of a potential causal correlation.




3.2.4 Mediation analysis

In our analysis, we assessed the mediating impact of metabolic disorders on the relationship between ALM and gastroesophageal reflux disease as well as non-alcoholic fatty liver. The mediating effect in the pathway to gastroesophageal reflux disease is 0.0087 (95% CI, 8e-04, 0.0183), representing 5.9398% (95% CI, 0.5462, 12.4940%) of the total effect. For the pathway to non-alcoholic fatty liver, the mediating effect is 0.0150 (95% CI, 0.0050, 0.0270), contributing to 19.7808% (95% CI, 6.5936, 35.6055%) of the total effect (refer to Supplementary Table S7 for specifics).





4 Discussion

This study, to our knowledge, is the first to delve into the genetic connections and causal relationships between traits associated with sarcopenia and a spectrum of ten digestive system disorders, using GWAS summary statistics. The research reveals the genetic ties between ALM and various conditions including GERD, chronic pancreatitis, colorectal cancer, NAFLD, and cirrhosis. It also brings to light the association between reduced hand grip strength and GERD, and points to a possible relationship between walking pace and a range of disorders such as GERD, NAFLD, gastroduodenal ulcers, and cirrhosis. The MR analysis provided strong causal evidence, suggesting that an increased ALM is significantly associated with a lower risk of GERD and NAFLD. Additionally, suggestive evidence proposes a causal link between sarcopenia-related traits and gastric cancer, pancreatic cancer, colorectal cancer, and cirrhosis. In the reverse MR analysis, we detected suggestive evidence that may link chronic pancreatitis to walking speed and esophageal cancer to reduced grip strength.

In a cohort study based on health check-ups, sarcopenia emerged as a distinct predictive element for the development of GERD (4). A separate five-year longitudinal cohort investigation highlighted that diminished back muscle strength and the presence of sarcopenia are key contributors to the onset of GERD (24). Our research corroborates these findings. The genetic connection between traits associated with sarcopenia and GERD was also a significant discovery in this study. Further MR analyses have yielded robust evidence that genetically predicted elevated levels of ALM are inversely associated with a lower likelihood of GERD. Additionally, there is suggestive evidence that an individual’s walking pace may serve as a protective factor against GERD, while a weak grip could potentially raise the risk. This MR study expands upon previous research on sarcopenia and gastroesophageal reflux disease by including not only the loss of muscle mass, which has traditionally been the focus, but also by considering gait speed and grip strength in its definition of sarcopenia. This approach addresses a notable gap in the literature. The findings indicate that the risk of gastroesophageal reflux is primarily influenced by muscle mass, rather than aspects of strength or functional performance. This novel insight suggests that interventions aimed at increasing muscle mass could be particularly effective in reducing the risk of GERD, offering a new perspective on the relationship between sarcopenia and gastroesophageal reflux.

Evidence from prior research has indicated a link between sarcopenia and GERD, potentially connected to metabolic syndrome (4). It has been documented that sarcopenia may lead to insulin intolerance, a hallmark of metabolic syndrome, establishing a reciprocal and detrimental relationship (25). Furthermore, the loss of muscle mass due to sarcopenia can result in reduced physical activity, which in turn can cause an escalation of visceral adiposity (26). Since skeletal muscles play a pivotal role in insulin sensitivity, sarcopenic patients are prone to the progression of metabolic syndrome, which may impair the functionality of the esophagus and stomach as mechanical barriers, thus precipitating GERD (4). Our advanced mediation analysis substantiates this link, highlighting the role of metabolic disorders in this context, especially the 5.9398% influence of ALM on GERD. Conversely, there is no supporting evidence that reduced grip strength or walking velocity have a mediating impact on GERD via metabolic pathways. These insights contribute to a clearer understanding of the mechanisms underlying the relationship between sarcopenia and GERD.

Previous inquiries, including both observational and MR studies, have sought to understand the connection between sarcopenia and NAFLD, yielding incongruent results. A cross-sectional analysis demonstrated a significant and solitary link between reduced muscle mass and strength with the prevalence of NAFLD (5). In parallel, an MR investigation established a causal effect of genetically driven muscle wasting on the likelihood of NAFLD (27). A recent synthesis of 19 observational studies, along with data from the National Health and Nutrition Examination Survey (NHANES), has corroborated these findings (28, 29). On the other hand, an MR study did not establish a causal link between sarcopenia and NAFLD (30). Our research has uncovered a genetic link between ALM, walking velocity, and the risk of NAFLD. MR studies have provided robust evidence that a higher genetically predicted ALM is associated with a reduced risk of alcoholic fatty liver. There is also suggestive evidence that faster walking speeds may lower the risk of NAFLD. Conversely, no genetic or causal ties have been identified between diminished grip strength and NAFLD. These findings suggest that the risk of NAFLD may be primarily influenced by muscle mass rather than strength or functional capacity, indicating that interventions aimed at increasing muscle mass could be most effective in the prevention of NAFLD.

Research has established that skeletal muscle, being the principal tissue for insulin-mediated glucose metabolism, is pivotal in the process of insulin signaling (31). A reduction in skeletal muscle mass is associated with the development of insulin resistance and dysregulation of blood glucose levels, which can ultimately result in NAFLD (32). Our subsequent mediation analysis supports this relationship, indicating that it is through the exacerbation of metabolic disorders that skeletal muscle mass influences NAFLD, with a notable 18% effect of ALM. The analysis also revealed that neither low grip strength nor walking speed have a significant mediating role in the development of NAFLD through metabolic pathways.

Indeed, the precise pathways through which sarcopenia contributes to the risk of NAFLD remain to be fully understood. Current hypotheses suggest a connection with inflammatory processes and oxidative stress (33–35). There is evidence to suggest that a deficiency in Vitamin D could be a common factor in the development of both sarcopenia and NAFLD, potentially influencing this relationship (36–38). Moreover, skeletal muscle, recognized as an endocrine tissue, releases myokines—peptides like interleukin-6 (IL-6) and irisin (33). The diminished production of these advantageous myokines due to muscle loss could be a contributing factor in the pathogenesis of NAFLD.

In a propensity score-matched Asian cohort investigation, sarcopenia was identified as a potential significant contributor to the risk of developing colorectal, pancreatic, gastric, esophageal, and hepatocellular carcinomas (6). Nevertheless, our research uncovered a mere hint of a genetic link between ALM and colorectal cancer, without establishing any genetic connection to other gastrointestinal cancers related to sarcopenia. Simultaneously, the MR study offered only preliminary insights, suggesting a possible connection between a rise in ALM and an elevated likelihood for gastric cancer. It also indicated that a weakened grip strength might be associated with a greater risk of pancreatic cancer, while an increased walking pace could potentially lower the chances of developing colorectal cancer. However, the study did not establish a direct causal relationship between genetically determined sarcopenia and the development of esophageal or hepatocellular carcinomas. Our findings do not align with those from prior Asian cohort research, which might be due to population-specific causal interactions. Given that the cohort research comprised solely of individuals from the Asian population, these results may not be directly relevant to Europeans. Currently, there is a dearth of observational studies on the interplay between sarcopenia and gastrointestinal cancers in the European demographic. Future research should prioritize the initiation of high-caliber cohort studies to confirm and expand upon our results.

Our analysis has yielded robust findings, indicating a genetic link between ALM and chronic pancreatitis, as well as between walking velocity and the occurrence of gastroduodenal ulcers. There is also suggestive data pointing to a genetic association with ALM, brisk walking, and the likelihood of liver cirrhosis. Concurrently, MR studies have provided suggestive evidence that an increased walking pace may lower the risk of cirrhosis. However, no direct causal link was observed between sarcopenia, determined by genetics, and either chronic pancreatitis or gastroduodenal ulcers. In the inverse MR studies, we identified only suggestive evidence for a potential causal effect of genetic predisposition to chronic pancreatitis on walking speed, and a genetic predisposition to esophageal cancer associated with reduced grip strength. For the remaining eight gastrointestinal conditions, no causal connections to sarcopenia were discerned. Observational research in the past has indicated that sarcopenia is associated with a notable rise in the occurrence of cirrhosis and gastroduodenal ulcers (39, 40). Additionally, gastrointestinal malignancies and chronic pancreatitis have been shown to markedly elevate the risk of developing sarcopenia (41, 42). Despite these findings, the observational nature of most prior studies leaves the causality of these associations in question. In contrast, MR analysis offers a more robust approach by mitigating the influence of confounding elements and the issue of reverse causality, thus providing more dependable evidence regarding these relationships.

Our investigation offers a number of distinct benefits. Initially, this marks the inaugural use of MR to bidirectionally assess the causal links between sarcopenia and an array of gastrointestinal disorders. This MR approach, with its capacity to pinpoint causality, stands out over traditional observational studies by circumventing confounding influences and the potential for reverse causality. Secondly, the inclusion of a wide range of gastrointestinal conditions in our study allows for the most comprehensive evaluation yet of the association between sarcopenia and these diseases. Lastly, we have performed both discovery and replication analyses on gastrointestinal disease GWAS data from two distinct sources. By excluding pleiotropy and synthesizing the findings, we have ensured the dependability of our results.

We must concede that there are certain limitations to this research. Initially, the constraints on the number of accessible GWAS studies or the occurrence of significant pleiotropy in some findings result in conclusions derived from a single data source, which may compromise their strength. Furthermore, since the study’s participants were primarily of European ancestry, the broader applicability of our findings to populations of different ethnicities is uncertain. It is imperative that these results be substantiated through further research involving a more heterogeneous group of individuals. In addition, although our study, through GWAS data aggregation, suggests the potential utility of augmenting muscle mass in preventing gastroesophageal reflux disease and non-alcoholic fatty liver disease, further comprehensive investigations are imperative to corroborate our findings and elucidate the underlying mechanisms.



5 Conclusion

To encapsulate the findings, this research discloses the causal relationships that sarcopenia has with a multitude of gastrointestinal conditions and the pivotal part that metabolic disorders play as mediators in these pathways. The study suggests that increasing muscle mass could be a constructive approach to preventing gastroesophageal reflux disease and non-alcoholic fatty liver, underscoring the significance of metabolic disorder management as a vital strategy in curbing the risks associated with these diseases that are linked to sarcopenia.
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Introduction: To investigate the causal associations between accelerometer-based physical activity (PA), sedentary behavior (SB), and seven common geriatric syndromes (GSs) (frailty, falls, delirium, urinary incontinence, dysphagia, hearing loss, and visual impairment) by Mendelian randomization (MR) analysis.

Methods: Instrumental variables from a genome-wide association study were used for MR analysis. The exposure factors were three PA phenotypes (average acceleration, overall activity, and moderate-intensity activity) and one SB phenotype (SB). The outcome variables were seven common GSs. The inverse variance weighted (IVW) method was utilized for the primary MR analysis. Additionally, sensitivity, pleiotropy, and heterogeneity analyses were subsequently conducted to assess the robustness of the present study’s findings.

Results: According to the primary MR results obtained using the IVW method, genetically predicted PA (average acceleration) decreased the risk of two GSs (frailty, p = 0.01; dysphagia, p = 0.03). Similarly, overall activity decreased the risk of two GSs (frailty, p = 0.01; delirium, p = 0.03), and moderate-intensity activity reduced the risk of three GSs (urinary incontinence, p = 0.04; hearing loss, p = 0.02; visual impairment, p = 0.01). Furthermore, SB was causally correlated with a greater risk for three GSs (frailty, p = 0.03; fall, p = 0.01; dysphagia, p = 0.04).

Conclusion: This study provided evidence that accelerometer-based PA may be causally associated with a lower risk of GSs, while SB may increase the risk of GSs.
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1 Introduction

The term geriatric syndromes (GSs) refers to a group of medical conditions in the older adult, such as frailty, falls, delirium, and incontinence, associated with age increase (1, 2). Due to the complex pathogenesis involving dysregulated metabolism, immune system decline, and musculoskeletal dysfunction, the incidence of GSs has shown an upward trend consistently in recent years (3). According to recent epidemiological advancements, GSs affect approximately 10–33% of adults aged 65 and above worldwide, with more than 40% experiencing two or more symptoms simultaneously (4, 5). These conditions lead to long-term disability, emotional distress, and social isolation, all of which diminish the quality of life for the older adult and impose an economic burden on the whole society (6, 7). As reported, healthcare costs associated with GSs have been estimated to reach $164 billion annually in the US and over $182 billion in 18 European nations combined (7, 8). Therefore, GSs pose not only a medical issue but also a significant challenge to public health and socio-economic factors.

Physical activity (PA) has gained increasing attention in recent decades due to its lower cost and higher adherence than traditional strategies like medication, long-term nursing, and hospitalization (9, 10). There is strong evidence that PA was associated with a risk reduction in the incidence of GSs. A previous Longitudinal cohort study found that maintaining a regular frequency of PA is associated with frailty among European community-dwelling older adult (11). Another cross-sectional study conducted in Japan discovered a correlation between increased leisure-time PA and a reduced incidence of dysphagia, suggesting the potential protective role of PA on GSs (12). Conversely, insalubrious lifestyles such as sedentary behavior (SB) in older adults hurt muscle strength (13), bone health (14), and cognitive function (15). Several cohort studies investigating lifestyle factors and risk of GSs reported that SB was independently and positively associated with frailty and falls (16, 17). As two modifiable lifestyles, both PA and SB are strongly associated with several GSs. However, existing observational studies cannot eliminate the potential for reverse causation and confounding factors, hindering the establishment of causal relationships. Previous studies on PA and SB have primarily used self-reported activity measures instead of directly measuring overall mean acceleration with a wrist-worn accelerometer (18). This reliance on self-validated measures introduces the potential for information bias (19, 20). Therefore, the causal relationship between objectively measured PA, SB, and GSs remains uncertain.

Mendelian randomization (MR) study is a statistical method to infer potential causal relationships between exposure and outcome (21). Although MR methods have limitations, such as genetic variants only explaining a portion of the exposure variability and the possibility of unrecognized confounders still existing. An advantage of MR studies is their ability to strengthen result justification by minimizing the impact of confounding factors on result accuracy. Simultaneously, MR studies offer more robust evidence to ascertain the causal relationship between exposure and outcome (22). Therefore, this study used MR to investigate the causal relationship between accelerometer-based PA, SB, and GSs. These findings can potentially contribute novel strategies for preventing, diagnosing, and treating GSs.



2 Materials and methods


2.1 Study design

This study used two-sample MR to analyze the causal relationship between PA, SB, and GSs. A valid MR analysis must be supported by three key assumptions (23): (1) the selected genetic variants as instrumental variables (IVs) are robustly correlations with the exposure (24); (2) there were no unmeasured confounders for associations between genetic variants and outcomes (25); (3) the genetic variants affect the outcome only through their effect on the exposure of interest, that is, there is no horizontal pleiotropy between genetic variants and outcome (26). The overall design was shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Schematic representation of the three hypotheses and study design.


For this MR study, we prioritized using IVs from Genome-Wide Association Studies (GWAS) databases over those from single-nation databases. This approach was chosen due to several advantages associated with GWAS databases (27): (1) GWAS databases include genetic data from a wide range of populations globally, providing a more comprehensive selection of SNPs. This ensures that our study captures a representative sample of genetic variations; (2) GWAS typically involve large-scale sample collections, resulting in higher statistical power and more reliable findings than smaller, single-nation studies; (3) the inclusion of diverse populations in GWAS helps to minimize regional and ethnic differences, enhancing the validity of our causal inferences.

In addition, we followed the Strengthening the Reporting of Observational Studies in Epidemiology–Mendelian Randomization (STROBE-MR) reporting guidelines in this study (28). All studies contributing data to these analyses obtained institutional review board approval from the respective countries, aligning with the Declaration of Helsinki (29). The present study did not need additional ethical approval since the original studies have received appropriate ethics and institutional review board approval.



2.2 Data sources

Three types of accelerometer-based PA and one type of accelerometer-based SB were included in our study as exposures, including acceleration average (AccAve), overall activity, moderate-intensity physical activity (MPA), and SB. GWAS for AccAve came from a recent study on PA among 377,234 participants from the UK Biobank (30). It required participants to wear an Axivity AX3 accelerometer for at least 72 h in a week, data <72 h or not completed every hour of the 24-h cycle, and other outliers were excluded (31). Overall activity, MPA, and SB were from another GWAS on PA and SB measured using wrist-worn accelerometers (N = 91,105); participants were asked to wear activity trackers over 7 days (32). Details of PA, SB, and accelerometers are in Supplementary Table S1.

Drawing from the GSs literature, this study focused on seven common GSs as outcomes, including frailty (4), urinary incontinence (2), dysphagia (33), delirium, fall (1), hearing loss and visual impairment (34). The source of GWAS for exposures and outcomes were shown in Table 1, and detailed information on each of the GSs is shown in Supplementary Table S2.



TABLE 1 Characteristics and sources of data in this study.
[image: Table1]

It is important to note that this part of the study was time-consuming for both the human subjects and the researchers due to the need for extended wear time and rigorous data collection protocols.



2.3 Genetic instrumental variable selection

Inclusion criteria: (1) single nucleotide polymorphisms (SNPs) with complete genetic significance, ensuring independence and high correlation between exposure factors and outcome variables, were chosen as instrumental variables (35). In previous MR studies, accelerometer-based GWAS of PA identified only 2 independent genome-wide significant SNPs with 5–14% heritability of PA (19). Heritability estimates indicate that SNPs, not currently identified as genome-wide significant, may play a role in the variation of PA. Consequently, SNPs were chosen to achieve genome-wide significance (p < 5e−06). This approach of adjusting statistical thresholds for genetic tools has been employed in earlier MR studies where physical activity served as an exposure (19); (2) A criterion of F > 10 was employed to define a strong association. To evaluate the strength of the instrumental variables (IVs), the F statistic of an individual SNP was computed. If F > 10, it indicates a negligible possibility of weak instrumental variable bias (36); (3) to exclude the influence of gene pleiotropy on the results, the linkage disequilibrium coefficient r2 was set to 0.001, and the width of the linkage disequilibrium region was set to 10,000 kb, to ensure the independence of each SNP (21, 37).

Exclusion criteria: given the close association of various confounding factors with the pathogenesis of sarcopenia, SNPs were scrutinized against the PhenoScanner database1 to identify potential violations of independence and exclusivity assumptions. SNPs closely linked to the geriatric syndrome were then excluded. After screening based on inclusion and exclusion criteria, the detailed information on SNPs used as instrumental variables in the MR analyses is shown in Supplementary Tables S3–S6.



2.4 Statistical analysis

In this paper, we used the following four different methods to estimate the causal relationship between PA, SB, and GSs: (1) we used the inverse variance weighted (IVW) method as the main analysis, which is essentially a meta-analysis method. IVW assesses causality by meta-analyzing the Wald ratios for each of the included SNP (37, 38); (2) we used MR-Egger to detect several violations of the assumptions of the standard instrumental variables and provide estimates of effects that are unaffected by these violations. MR-Egger also provides a sensitivity analysis for the robustness of the results of MR studies (23); (3) we also used the weighted median approach because this method yields reliable estimates of causal effects, even though <50% of the information comes from the null instrument (25); (4) weighted mode is consistent when the largest subset of instruments which identify the same causal effect are valid instruments, even if the majority of others are invalid (39). The assessment of causality between exposure and outcome was quantified as odds ratios (OR) and their respective 95% confidence intervals (CI). Statistical significance was indicated by a p < 0.05.

In addition, we used Cochran’s Q-test to detect heterogeneity among the selected SNPs, and if heterogeneity existed (p < 0.05) (40). To identify potential pleiotropy, we tested for MR-Egger-intercept horizontal pleiotropy, with a p-value for the intercept >0.05 indicating that no horizontal pleiotropy existed (41). Meanwhile, we removed individual SNPs one by one using the leave-one-out method and calculated the meta-effect estimates and confidence intervals for the remaining SNPs (42). It was used to test the effect of individual SNPs on causal inference.

In this study, R software (version 4.0.2) was used for all data analysis as well as for drawing statistical plots, mainly R packages (TwoSampleMR, Pacman, Matrix, and Mendelian randomization) were used for data analysis (43). These packages are free for free on the R Software website.2




3 Results


3.1 MR results

In the IVW analysis, we found a significant causal relationship between AccAve and a low risk of two GSs (frailty, OR = 0.99, 95% CI:0.98–0.99, p = 0.01; dysphagia, OR = 0.99, 95% CI: 0.99–0.99, p = 0.03; Figure 2). The weighted median, weighted mode, and MR-Egger analyses yielded similar patterns of effects (Supplementary Table S7). Similarly, there was a causal relationship between genetically predicted accelerometer-based “overall activity” PA and a low risk of two GSs (frailty, OR = 0.89, 95% CI: 0.81–0.98, p = 0.01; delirium, OR = 0.40, 95% CI: 0.16–0.95, p = 0.03; Figure 3) according to the IVW method. As shown in Figure 4, there was a significant causal relationship between accelerometer-based MPA and a low risk of three GSs (urinary incontinence, OR = 0.99, 95% CI: 0.99–1.00, p = 0.04; hearing loss, OR = 0.94, 95% CI: 0.90–0.99, p = 0.02; visual impairment, OR = 0.33, 95% CI: 0.13–0.80, p = 0.01).

[image: Figure 2]

FIGURE 2
 Association between AccAve and GSs by IVW method.


[image: Figure 3]

FIGURE 3
 Association between overall activity and geriatric syndromes by IVW method.


[image: Figure 4]

FIGURE 4
 Association between MPA and GSs by IVW method.


Among the tested SB phenotypes, IVW analysis indicated that accelerometer assessed SB increased the risk for three GSs (frailty: p = 0.039, OR = 0.939, 95% CI: 0.885–0.997; fall: p = 0.011, OR = 2.28, 95% CI: 1.20–4.30; dysphagia: p = 0.044, OR = 1.004, 95% CI: 1.000–1.007, Figure 5). The results from other MR methods showed a consistent direction (Supplementary Table S7).

[image: Figure 5]

FIGURE 5
 Association between SB and geriatric syndromes by IVW method.




3.2 Sensitivity analysis

To assess the robustness of the above results, a series of sensitivity analyses, including Cochran’s Q-test, MR Egger intercept test, and “leave-one-out,” were conducted (Supplementary Table S8). All p-values of the MR-Egger intercept tests were > 0.05, indicating that no horizontal pleiotropy existed. Meanwhile, heterogeneity was observed in the Cochran’s Q-test between AccAve and Frailty (Q = 54, p < 0.05). Although heterogeneity was observed in specific findings, it did not render the MR estimations inaccurate as the random-effect IVW method used in this work has the potential to mitigate the overall variability.

In the “leave-one-out” approach (Supplementary Figures S1–S10), each line represents a single nucleotide polymorphism (SNP). Black dots represent the meta-effect estimates obtained when eliminating that particular SNP, while horizontal lines reflect the appropriate confidence intervals. The red line indicates the position of the zero effect. As depicted in the diagram, the total effect estimate remains mostly unchanged when eliminating each SNP. Additionally, all error lines are positioned either to the right or left of zero, indicating a higher level of reliability in the data.




4 Discussion

To the best of our knowledge, this is the first MR study to investigate the genetic association of PA, SB, and seven prevalent GSs (frailty, falls, delirium, urinary incontinence, dysphagia, hearing loss, and visual impairment). According to the data shown in the results, genetically predicted accelerometer-based PA (AccAve, overall activity, MPA) was associated with a lower risk of 6 out of 7 GSs (frailty, dysphagia, delirium, urinary incontinence, hearing loss, and visual impairment), and accelerometer-based SB was associated with an increased risk of GSs (frailty, falls, dysphagia). Sensitivity analyses also indicated that results were robust in general. These findings provided a better understanding that PA is, in general, superior to SB in the older adult and had clinical implications for patients and caregivers.

In a longitudinal cohort study involving 1,735 European community-dwelling older adults, regular PA was associated with preserving or enhancing frailty (11). In another prospective, single-center cohort study with 132 participants aged 60 and older, PA was linked to a decreased incidence of delirium, particularly among women (18). Furthermore, a cross-sectional questionnaire-based study investigated the association between dysphagia risk and daily PA, as well as leisure-time exercise, in 3,070 community-dwelling Japanese older adults. The findings revealed that a higher level of leisure-time PA was associated with a reduced risk of dysphagia (12). However, research examining the relationship between PA and the mentioned three GS in older adults has yielded conflicting results. For instance, in a randomized controlled trial with 1,635 participants aged 70–89, the findings indicated that an MPA program did not correlate with a decreased risk of frailty (44). The present study aligns with this perspective. Additionally, a previous study identified a potential causal relationship between MPA and a reduced risk of urinary incontinence (45), hearing loss (46) and visual impairment in older adults (47). Our study, in supporting the aforementioned findings, further substantiates the potential causal relationship for them. Unfortunately, our study did not identify a potential causal relationship between accelerometer-based PA and fall risk. We have access to an explanation for this. In the MR study, SNPs associated with PA were used as instrumental variables to explore whether there is any link between exposure factors and outcome variables (48). This methodology enabled us to clearly and definitively determine the distinct influence of specific genetic variations on these outcomes, without any interference from other intricate elements (49). However, falls are not just attributed to individual genetic variations but also encompass intricate interplays between balance, muscle strength, environmental risk factors, and substance use (50, 51). Therefore, future research should look at the involvement of multiple SNPs and other complex factors in falls to provide a more complete approach to fall prevention in older persons.

There are various potential mechanisms can be used to illustrate the inverse association between PA and GSs. First, PA could induce several neuromuscular adaptations to slow down the aging-related decline in muscle function, which is suspected to be closely linked to the development of GSs (52, 53). Recent studies have shown that PA leads to the increase in peak firing frequencies of motoneurons and drives motor neuron activation, resulting in enhanced performance and function of the motor unit, which is the foundation for maintaining muscle strength in older adults (54, 55). Second, PA provides a healthy anti-inflammatory environment, largely by releasing muscle-derived myokines that accelerate myocardial regeneration and prevent age-related loss (56). Additionally, PA increases the availability of several growth factors to achieve delayed cognitive decline in the older adult and thus plays a protective role in GSs (57). According to reports, memory loss and cognitive impairment could be risk factors for GSs (58). Animal and human studies have shown that PA enhances brain health, and thus cognitive health, by increasing the availability of several growth factors in the neurotrophin family including BDNF, IGF-1, and VEGF (59, 60).

Another significant discovery in this MR study was the causal association between SB and a higher risk of three GSs (frailty, falls, dysphagia), which aligns with several investigations. A cross-sectional study in rural China revealed that older persons who spent 8 or more hours per day being sedentary were more susceptible to frailty than those who spent <4 h per day being sedentary (61). The adjusted analysis in another observational study with 411 participants demonstrated that there were independent associations between SB and frailty (62). Therefore, the older adult needed to enhance their awareness of reducing SB to control the GSs. In addition to frailty, previous observational studies have demonstrated that SB is associated with an increased risk of falls for older adults living in the community (63, 64). Findings from a meta-analysis provided further evidence in favor of this perspective (65). This can be explained by the fact that SB causes muscle weakness (66), reduced bone mass (67), and sarcopenia in older adults, consequently heightening the risk of frailty and falls (68). Furthermore, this study presents new evidence suggesting a possible causative association between SB and dysphagia in older persons. Specifically, we found that SB was related to an increased risk of dysphagia. One possible explanation is that SB leads to progressive weakening of muscles throughout the body, including the laryngeal and neck muscles associated with swallowing (69). This may affect the coordination and efficiency of swallowing in older adults (70).

There are certain strengths of our study. Compared with previous observational studies, we employed an MR study design to assess the causal associations between genetically predicted PA, SB, and GSs (18, 71). This design could minimize the potential biases due to confounding and reverse causality in the observational studies. Another advantage of this study is that the measures of exposures were obtained using accelerometers, which helps to eliminate potential recall and reaction bias (72). Additionally, the population bias was avoided as the populations under study were all individuals of European ancestry.

However, several limitations in our study need to be addressed. First, the sample selection might introduce bias. Our data predominantly come from Europe, which may not fully represent the global population or specific populations. This geographic and demographic limitation could affect the generalizability of our findings. Second, the representativeness of the sample should be considered. Although we employed rigorous random sampling techniques, the inherent variability in genetic backgrounds and environmental exposures across different populations might influence the results. Future studies with more diverse and larger samples are warranted to confirm our findings. Third, accelerometers also possess some constraints. Measuring posture and other types of PA and SB such as inactive, light exercise, and non-ambulatory activity is challenging (73). Therefore, our study focused primarily on overall PA and SB metrics in the sample. Additional research is required to investigate the correlation between various forms of PA, SB, and GSs. Lastly, although we drew on the largest available GWAS, some identified few genome-wide significant SNPs, which could result in relatively weak genetic instruments. To address this, we incorporated thresholds established in previous MR studies, employed additional SNPs as instruments, and performed sensitivity analyses (19, 74, 75). This approach aimed to mitigate the potential influence of alternative thresholds on the outcomes, thus enhancing the reliability of our findings.



5 Conclusion

The present study used a genetic approach and revealed that PA (AccAve, overall activity, MPA) was potentially causally associated with a lower risk of some of the six GSs (frailty, dysphagia, delirium, urinary incontinence, hearing loss, and visual impairment), whereas the accelerometer-based SB was potentially causally associated with a greater risk of three GSs (frailty, falls, and dysphagia). Overall, this study supports the hypothesis that strengthening PA and reducing SB are effective strategies for reducing GSs.
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Introduction: Knowledge of the risk of developing cardiovascular diseases (CVD) in the population is an important risk management strategy for the prevention of this disease. This is especially true for India, which has resource-restrained settings with an increased risk in a younger population for the development of the disease. An important modifiable risk factor for CVD is hypertension, with its influence on the development of CVD.

Methods: The data from the first wave of the Longitudinal Ageing Study in India (LASI) was used to calculate the 10-year CVD Risk Score among older adults ≥45 years using a WHO (2019) non-laboratory- based chart for South Asia. Univariate analysis was done using Pearson’s chi-square test, and multivariable analysis using ordinal logistic regression. Categories of CVD risk score were considered as dependent variable. Socio-demographic variables, regular exercise, history of diabetes and hyperlipidaemia were considered as the independent variables. Relationship between CVD Risk score and hypertensives and self-reported hypertensives were presented using restricted cubic splines.

Result: Two-thirds (68.8%) of the population had a 10-year CVD risk of <10, and 2.8% had a risk of ≥20%. The self-reported hypertensives were distributed linearly in restricted cubic splines, with a more scattered distribution in higher scores, while actual hypertensives showed a sigmoid pattern. Urban residents (OR-0.88), being unmarried (OR-0.86), being in the richer (OR-0.94) and richest (OR-0.86) monthly per capita expenditure (MPCE) quintile and exercising regularly (OR-0.68) decreased the odds of being in a higher CVD risk score. Less than primary schooling (1.21) and diabetics (1.69) had higher odds for a higher CVD risk score.

Conclusion: In this population, two-thirds had <10% risk for the development of CVD. The study shows a higher risk among rural, poor, and those with a lower education and lower CVD risk for those undertaking physical activity. The sigmoid pattern in actual hypertensives highlights the need for early detection. Even those with undiagnosed hypertension but with a higher BP had a similar risk for disease development, thus highlighting the need for an early detection of hypertension.
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Introduction

In 2019, of the nearly 2.5 billion healthy life years lost, 320.3 million were due to just two causes: ischemic heart disease and stroke (1). While the age-standardised deaths and Disability Adjusted Life Years (DALYs) decreased in 2019 compared to 2000, these two diseases alone added 50.2 million DALYs. The deaths due to these two diseases increased by 2.8 million from 2000 to 2019, ranking first and second respectively, throughout these years (2). Over 75% of these deaths occur in Low- and Middle- Income Countries (LMICs) (3). Simultaneously, while they face the largest burden of CVDs, they do not have sufficient resources to tackle the same (4). In India, Ischemic Heart Diseases (IHDs) and stroke account for 16.7 and 7.4% of the total deaths, respectively, and for 8 and 3.7% of the total DALYs (5). However, half the population faced catastrophic health expenditure due to hospitalization and 43% due to OPD care for cardiovascular diseases. The cost of caring for a patient with CVD in outpatient care or hospitalization is sufficient to push the population below the poverty line (6). In India, as in other LMICs, a younger working-age population is struck by cardiovascular disease, and there are more premature deaths (7, 8). Thus, it additionally leads to social and economic losses. CVD in India is estimated to cost US$ 1,044 billion by 2030 (9).

The development of cardiovascular diseases in an individual can be attributed to certain risk factors, including elevated blood pressure, tobacco consumption, obesity, poor dietary habits and a sedentary lifestyle, and increased levels of blood sugar or lipids (10). Additionally, the presence of multiple risk factors in an individual increases their risk compared to a single factor (11). Worryingly, there is a higher prevalence of CVD risk factors in the Indian population when compared to the high and upper middle-income countries (12). Prompt and appropriate interventions targeting these risk factors can mitigate the risk and also decrease the morbidity premature mortality, and disability associated with the disease and is a cost-saving strategy (10, 13). However, the identification and control of these risk factors remain limited and there is still room for improvement in adherence to cardiovascular guidelines for primary prevention (14).

The detection of levels of risk can enable the identification of a population that can benefit from treatment for CVD risk factors. A risk stratification approach is especially suitable for places with limited resources (10). The WHO has developed CVD Risk charts for 21 global regions, as delineated by the Global Burden of Disease (GBD). These charts facilitate a risk stratification approach to CVD management and are presented as laboratory-based and non-laboratory-based algorithms. This is a cost-effective strategy for preventing cardiovascular diseases in India. A two-stage screening using non-lab-based risk assessment for whole population and then screening those with ≥10% CVD risk using lab-based assessment is seen to be more cost-effective (15).

Among the modifiable risk factors for CVD, elevated blood pressure or hypertension is associated with the most compelling evidence for causation and also exhibits a high prevalence of exposure (16). Hypertension accounts for one-fifth of the CVD in the population, ranking among the highest across all income-level country groups (17). Blood pressure has a continuous, graded influence of blood pressure on the incidence and mortality of CVD (18). However, increased blood pressure rarely occurs in isolation; it is usually associated with other risk factors, further amplifying the risk due to elevated blood pressure (18). Moreover, increased blood pressure is a significant mediator for the risk of CVD due to factors such as overweight and obesity (16). Therefore, assessing the risk of CVD due to hypertension is the main theme of the present study. This study was thus done to decode the CVD risk score prescribed by the WHO and examine the influence of hypertension on this score in the Indian population using data from the Longitudinal Ageing Study in India (LASI). Further, the association of socio-demographic and disease factors with CVD Risk Score was also undertaken in the current study. The insights from this study can be utilized to develop and target interventions for the reduction of CVD. As the same population is envisioned to be followed up for the next 25 years, this study would also serve as a baseline assessment of CVD risk. This will facilitate tracking the progress over time and assess the impact of interventions and policy changes.



Methodology


Data source

The study utilized baseline data from the first wave of the Longitudinal Ageing Study in India (LASI). LASI surveyed older Indian adults over 45 and their spouses using a multistage stratified area probability cluster sampling design in 2017–18. Primary sampling units (PSUs) were selected based on factors like household numbers, female literacy, Scheduled Caste/Tribe population, and male non-agricultural engagement. Secondary Sampling Units (SSUs) were chosen from each PSU, proportionally allocated to rural and urban areas. A Census Enumeration Block (CEB) was randomly selected within each urban ward. Finally, households were systematically sampled from each village and CEB (19).



Outcome variable

The outcome variable for this analysis was the CVD Risk score as defined by the World Health Organisation (WHO) in the cardiovascular disease risk non-laboratory-based chart for South Asia, published in 2019. It was calculated using the variables age, sex, smoking status, BMI category and Systolic Blood pressure category (20) (Supplementary Table S1).

The variables for the development of score were taken based on the questions asked and measurement was done as per the individual questionnaire of LASI. Age was asked as the age in completed years since their last birthday. Sex was determined by the interviewer or asked from the respondent if unclear. Those with an intake of tobacco ever were categorised as smokers. Weight was measured using digital weighing scale (Seca 803) in kilograms with 2 decimal places in light clothing. Single measurement of weight was taken as the final measurement. Height was measured using a stadiometer in centimetres standing straight without shoes and with feet together, chin tucked to chest slightly and looking straight ahead. Single measurement of height was taken. BMI was calculated using the weight and height measured during the survey. BMI was categorised as the WHO BMI Category. Blood pressure was measured using a digital BP monitor in left arm in a relaxed seating position (19). Three readings at 1 minute interval were taken and the average of the last two measures were taken as the systolic (and diastolic) blood pressure. Blood Pressure was categorised as per Joint National Commission (JNC)-8 guidelines.

A STATA.do file was developed (Supplementary material S1), to compute the WHO CVD Risk Score based on the aforementioned variables. Thus, calculated score was categorised as: < 5, 5% to <10, 10% to <20%, 20% to <30% and ≥ 30% (20, 21).



Independent variables

The data extracted from the LASI dataset included socio-demographic characteristics such as educational status, residence, marital status, socio-economic factors including monthly per capita expenditure (MPCE) quintiles and health-related factors including known history of diabetes and hyperlipidemia and physical activity. Physical activity was assessed based on questions about exercise and work of the individuals, including participation in vigorous activities, moderately energetic activities, yoga, meditation, pranayama, or playing outdoor sports every day or more than once a week.



Missing values and the final data selected

The Longitudinal Ageing Study in India (LASI) initially included a total of 73,396 individuals, comprising 31,135 males and 42,261 females. However, individuals aged below 45 years (6,790 individuals) and above 74 years (6,880 individuals) were excluded as the analysis was focused on the age group of 45 to 74 years. Furthermore, individuals with missing information for any of the variables used in developing the cardiovascular disease (CVD) risk score were also excluded (5,740 individuals). An additional 182 individuals with outliers in weight and height were removed from the study. Consequently, a total of 53,804 individuals were included in the final analysis (Figure 1). Additionally those with a known history of stroke and heart disease were excluded from the analysis (2,480 individuals). Finally, 51,324 individuals were included in the analysis.
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FIGURE 1
 Selection of individuals for analysis.




Data analysis

Descriptive analysis was done using mean with standard deviation for continuous variables and frequencies with percentages. Univariate analysis was done using Pearson’s Chi-square test. The risk factors used for the development of CVD risk score were presented separately between males and females due to differences in the risk between them. For examining the association between CVD risk and socio-demographic and disease factors, we applied ordinal regression using the logit model to determine the factors associated with CVD risk based on the WHO 2019 non-laboratory-based risk score. Age, sex, smoking status, BMI category and BP were not included in the ordinal logistic based regression analysis as these were considered for developing CVD Risk score. Restricted cubic splines were used to show the graphical relationship between CVD risk score vs. self-reported hypertensive and CVD risk score vs. hypertensive. All Analysis was done using STATA 17 (StataCorp, College Station, Texas, 2021).




Results

Supplementary Table S2 presents the socio-demographic characteristics in relation to hypertension status among males and females. It was found that 30.2% of females and 33.0% of males had high blood pressure, while 29.8% of females and 21.2% of males were known cases of hypertension. The prevalence of both high blood pressure measurements and self-reported hypertension was higher in the older age groups for both genders. The urban population exhibited a higher prevalence of self-reported hypertension and high blood pressure among both males (37.7 and 32.7% respectively) and females (28.1 and 37.1% respectively) (Supplementary Table S2). Among females, those with less than primary level schooling had the highest prevalence of high blood pressure (31.4%), while those with secondary school level of education had the highest prevalence of self-reported hypertension (36.2%). Among males, those with no schooling had the highest prevalence of high blood pressure (39.7%), while those with diploma or graduate and above had the highest prevalence of self-reported hypertension (31.5%). When classified by marital status, widowed, separated, or divorced individuals had the highest prevalence of high blood pressure and self-reported hypertension in both females (36.5 and 35.1% respectively) and males (38.8 and 23.1% respectively).

There was no significant difference in the prevalence of high blood pressure among females in the different MPCE quintiles, but the prevalence of self-reported hypertension increased from 23.3% in the poorest quintile to 35.1% in the richest quintile. Similar trends were observed for males. Both females and males who exercised regularly had a lower prevalence of high blood pressure (29.9 and 32.1%) and self-reported hypertension (28.8 and 20.0%) when compared to those who did not exercise regularly. Those with a history of smoking had a higher prevalence of high blood pressure in females (31.0%); the non-smokers had a higher prevalence in males (35.3%). The non-smokers also had a higher prevalence of self-reported hypertension in both females (30.5%) and males (25.6%). Self-reported hypertension was most prevalent among morbidly obese females (54.9%) and obese males (40.1%). A higher prevalence of high blood pressure was observed among obese individuals in both females (38.3%) and males (47.9%). Those with known diabetes had a higher prevalence of high blood pressure and self-reported hypertension among both females (38.9 and 62.4%) and males (40.9 and 53.0%), compared to those without any such history. A similar situation was observed with hypercholesterolemia.

Supplementary Table S3 shows the distribution of the study population with respect to the risk factors used for the development of the cardiovascular disease (CVD) risk score. Between one-fifth and one-fourth of the population, both females (23.7%) and males (22.4%), were 45–49 years old. Most females (80.5%) were non-smokers, while over half of the males (56.4%) were smokers. Most of the population, including both male and female subgroups, had a normal Body Mass Index (BMI). Two-fifths of the population had a systolic blood pressure of 120–139 mmHg.

Two-third (68.7%) of the population had a 10-year fatal and non-fatal cardiovascular disease (myocardial infarction and stroke) risk of <10% (with 29.8% having a risk of <5%), 28.5% of the participants had a risk of 10- < 20 and 2.7% had a risk of ≥20%. A CVD risk score of 30% or higher was observed in individuals aged above 65 years, smokers, and those with systolic blood pressure above 160 mmHg. This was distributed across both genders and all BMI categories. Compared to the rural population, the urban population had a slightly higher proportion in the <5% group, and slightly lower proportion in 5- < 10%, 10- < 20%, and 20- < 30% groups. Among education groups, individuals with less than primary level schooling had the lowest proportion in the less than 5% risk group (25.8%). Those educated up to higher secondary level had the highest proportion in the less than 5% risk group (38.6%) and the diploma holders of graduates and above had the highest proportion in the 5- < 10% risk group (36.1%).

Unmarried individuals had a higher proportion in the less than 5% risk group (37.2%) compared to married (32.5%) and widowed/separated/divorced individuals (19.3%). The population belonging to the richest MPCE quintile had the highest proportion in the less than 5% CVD risk score group (32.5%) in the population when divided by the MPCE quintile.

Those who exercised regularly had a higher proportion in the lower CVD risk score groups of <5% (31.8%) and 5- < 10% (39.5%) compared to those who did not exercise regularly. Diabetics and those with high cholesterol had a lower prevalence in these groups compared to those without these conditions (Table 1).



TABLE 1 Distribution of participants as per CVD risk score.
[image: Table1]

When categorised by sex, it was observed that most women aged between 45 and 49 years and 50–54 years had a risk of less than 5% (88.3%). Among men aged between 45 to 49 years, the majority (63.4%) had a risk of less than 5%, while one-fourth of men between 50–54 years had a risk of less than 5% (26.5%). Majority of females (65.6%) and males (63.6%) aged between 55 and 59 years had a risk of 5- <10. In the age group of 60–64 years, three-fourths of females had a risk between 5- < 10% (77.8%), while most males had a risk between 10- < 20% (58.8%). Half of females aged between 65 and 69 years (57.1%) and most males (83.4%) had a risk between 10% to less than 20%. Among those aged between 70 and 74 years, most females (89.2%) had a risk between 10- < 20%, while one-fourth of males (27.0%) had a risk between 20- < 30% (Supplementary Table S4).

Tables 2, 3 display the CVD risk among individuals with and without controlled blood pressure during the survey, categorised by their known hypertension status and age group. In the population with blood pressure below the hypertension level, a higher proportion (40.1%) was observed in the lowest risk group of less than 5% among those without a known history of hypertension, compared to those with a known history of hypertension (30.9%). However, in the age groups 45–49 and 50–54, a higher prevalence was seen in those with known hypertension. Among those with blood pressure above the hypertension range, a higher proportion in the lowest risk group of less than 5% was seen among those without a known history of hypertension (13.5%), compared to those with a known hypertension status (9.4%). In the age groups 45–49 years, those with a known hypertension; and in 50–54 years, those without any known history of hypertension had a higher proportion in the <5% Risk score category. Gender-wise classification of CVD Risk Score among participants with uncontrolled blood pressure was documented in Supplementary Tables S5, S6.



TABLE 2 CVD risk among the participants with blood pressure below the diagnostic level of hypertension.
[image: Table2]



TABLE 3 CVD risk among the participants with blood pressure above the diagnostic level of hypertension.
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Figure 2 describes the graphical representation of Distribution of CVD risk score as per (A) self-reported hypertensive and (B) Actual hypertensive using restricted cubic splines. Both graphs showed upward trend. In the initial 0 to 10 score, self-reported hypertensives were distributed symmetrically. With increase in the scores later, the distribution was less steep and was more scattered from the expected line (A). For actual hypertension, as defined by their blood pressure level, the initial 0 to 5 score, the trend was upward which followed a gentle plateau from 6 to 12; later following a steep curve, hitting a plateau at 30: overall following a sigmoid pattern. The distribution of hypertensives was along the line and less dispersed (B).

[image: Figure 2]

FIGURE 2
 Distribution of CVD risk score as per (A) Self-reported hypertensive and (B) actual hypertensives using restrictive cubic splines.


As shown in Table 4, the urban residents had 12% lower odds of being in a higher CVD risk score category rather than a combined lower risk score category, compared to the rural population. When categorised by education status, individuals with less than primary education had 1.21 times higher odds of being in a higher CVD risk score category, compared to those with no schooling. However, those with middle-school, secondary school, higher secondary and diploma, and graduate and higher education had lower odds of being in a higher CVD risk score category. Compared to married individuals, unmarried individuals had 14% less odds of being in a higher category group, while widowed/separated/divorced individuals had 1.93 times higher odds for the same. When categorised by MPCE quintiles, the richer and richest quintiles had 6 and 14% lower odds, respectively of being in a higher CVD risk score category, compared to the poorest quintile. Those who exercised regularly had 32% lower odds of being in a higher risk score category than those who did not exercise regularly. Individuals with a known history of diabetes had 1.69 times higher odds of being in a higher CVD risk score category when compared to individuals without these conditions (Table 4).



TABLE 4 Univariate and multivariable analysis between socio-demographic and disease factors with CVD risk score.
[image: Table4]



Discussion

This study estimated the 10-year risk for fatal and non-fatal cardiovascular disease using the 2019 WHO Non-laboratory-based risk prediction tool in the Indian population of ≥45-years. It was observed that two-thirds of the population had a 10-year CVD risk of <10%, and only a minority had a risk of ≥20%. The results are comparable to a study conducted in rural Andhra Pradesh, where 83.1% of the total population had a risk score of <10%, although the proportion of the population with a high CVD risk score was much higher in that population, i.e., 7.8% (21). The CVD risk score in our population was seen to be comparable to studies in the neighbouring countries. In a hospital-based cross-sectional study in Nepal, two-thirds of the participants, including 80% of females and half of the males had a 10-year CVD risk score of <10% (22). A cross-sectional analysis of individuals in rural and urban Bangladesh showed that half of the population had a risk of <5%, with 15% of the population at risk of >10%. This included almost one-fifth of the male population and 8% of the female population (23).

While the WHO CVD Risk Score is commonly used, other risk scores have been utilized for Indian and other populations in LMICs. These include the Framingham Risk Score, the Globorisk and the older WHO/ ISH classification. A study using nationally representative data of individuals aged 30 to 74 in India showed that sizable number of females and males had a high risk of CVD when classified using the WHO/ISH risk score (24). In male individuals from Tamil Nadu, it was found that majority of the urban and of the rural population had a 10-year risk of <10%, using the Framingham Risk Score (25).

For self-reported hypertension, the distribution was seen to be more scattered from the expected line at a higher CVD risk score. This suggests that there is more uncertainty at this level of CVD risk score, implying that these may not be aware of their true hypertension status, i.e., those with a higher CVD risk score have less knowledge of their hypertension status.

In this population, while three-fourths of individuals aged 45–49 years had a CVD Risk Score of <5%, none of those aged 60 years and above had this risk. The risk of ≥30% was seen only in individuals 65 years and above. With ageing, the risk of CVD escalates due to changes in the heart caused by myocardial deterioration and degeneration (26). As expected, both males and females were shown to have an increased risk for CVD with increasing age.

The risk was higher among males compared to females, as observed in this study and in a national representative survey of individuals aged less than 49 years in the country, and in the study conducted in Andhra Pradesh (21, 27). The difference between sexes can be attributed to the presence of sex hormones and other sex chromosome complement. Pre-menopausal women are known to have a lower blood pressure and associated cardiovascular diseases due to modulation provided by sex hormones (28). Oestrogen has a cardioprotective effect due to its impact on the renin-angiotensin-aldosterone and the endothelin systems (28). However, these protections are lost in the post-menopausal women. In this study, the post-menopausal women too had a lower risk, which may partly be attributed to a much higher prevalence of tobacco use in males compared to females. Tobacco causes increased sympathetic activation leading to an increase in blood pressure. Endothelial dysfunction and reduced endothelial repair caused by smoking lead to an atherosclerotic environment in the vessels (29). Tobacco smokers are more likely to experience an acute cardiovascular event at a younger age and earlier in the course of their disease (30). In India, 28.6% of the population, including 42.4% of men and 14.2% of women, use tobacco in some form (31).

In this study, the urban population was observed to have a lower risk for developing cardiovascular disease compared to the rural population. Additionally, individuals in the richest quintile and those with higher education levels were seen to have a lower risk. Non-communicable diseases were previously more commonly seen in the affluent population. Lately, non-communicable diseases are seen to be prevalent among the poor in the Low- and Middle-Income Countries (32). This may be because of a higher prevalence of risk factors including tobacco use, alcohol consumption and an unhealthy diet consisting of fewer fruits, vegetables, fish, and fibre, when compared to their wealthier counterparts (33). Conversely, the presence of chronic diseases itself may drive them into poverty (32).

Physical activity decreases the risk of and mortality due to cardiovascular disease. It also reduces the risk of developing risk factors for CVD, including hypertension, diabetes and high cholesterol levels (34). Those without regular exercise and those with a history of diabetes were shown to have a higher risk of developing cardiovascular disease. The inflammatory state in obesity and diabetes and its effect on blood pressure, cholesterol, and sugar levels causes an increase in cardiovascular risk in these individuals (35). However, this study did not find any significant association between increased cholesterol levels and the risk of CVD. Excluding the individuals with known cardiovascular disease may be the reason of the non-significant association observed in this study.

This study has also categorised individuals into those with and without a known diagnosis of hypertension. In the population with blood pressure above the range to qualify as hypertension, two-thirds of the population did not have a diagnosis of hypertension. However, the CVD Risk did not differ significantly between these individuals. Additionally, hypertensive individuals who had their blood pressure under control had a similar risk as those without known hypertension in this study and a nationally representative survey (27). Management of a person should not just stop at controlling blood pressure; managing other factors would be equally important. This also indicates the importance of managing hypertension (27). This underscores the importance of regular health check-ups and maintaining a healthy lifestyle.

Some limitations do exist in this study. Since, it is a cross-sectional survey, causality between outcome and independent variables cannot be established. Since the LASI survey involved self-reported questions pertaining to CVD-risk, therefore chances of recall bias and social desirability bias cannot be neglected. These biases due to self-reported nature may result in under reporting or sometimes over reporting of the results (36). Despite these limitations, the present study has its own unique strengths. The large and representative sample in the survey enhances its generalizability to the Indian population. The standard methodology used in LASI and in the assessment of CVD risk score ensures consistency and reliability. Given that the same population will be followed up in the future waves of LASI, the study offers excellent replicability for the future research on CVD risk assessment. Thus, the study would be helpful for understanding and managing cardiovascular risk in India.


Policy implications

The World Health Organisation (WHO) has set worldwide objectives with respect to the Global Monitoring Framework for the control of non-communicable diseases (NCDs) especially in context of Low- and middle-income countries (LMICs) like India. Eighty percent of the country’s basic affordable technologies and critical medications that are required to treat severe NCDs, including CVDs, must be readily available in both rural and urban regions (37). Weak healthcare infrastructure and limited access to CVD treatment are major public health concerns. Adequate regulations ought to tackle the possibility of both under and overtreatment, since it is quite expensive for the patient and the healthcare system. The substantial proportion of adults with a low 10-year CVD risk (<10%) underscores the possibility of lowering CVD risk by means of population-wide public health policies and the provision of easily available preventive interventions. But care should be taken to make sure that risk stratification techniques aren’t applied in unsuitable clinical situations, including those with severely uncontrolled hypertension (160/100 mm Hg) (24).

The sigmoid pattern in actual hypertensives highlights the need for early detection and initiation of treatments. Government of India has implemented population-based screening (PBS) as a part of implementation of comprehensive healthcare under National Program for Prevention and Control of Non-Communicable Diseases (NP-NCD) targeting population aged 30 years and above for screening for hypertension, diabetes, common cancers (breast, cervical and oral) implemented by trained frontline health professionals (ANM: Auxiliary Nurse Midwife; ASHA: Accredited Social Health Activist) (38). Camp-based screenings are practiced at regular intervals in the Indian community settings. Medical Officers at nearby Primary Health Centres (PHCs) receive suspicious patients and refer them for a second examination in the higher centres. The program seeks to lower the burden of NCDs by allowing early detection and prompt care (39). We recommend to include evaluation of CVD risk score in the same approach. By early detection, the treatment can be implemented at national and subnational levels especially in geographically unapproachable population.




Conclusion

This study reveals that while the majority of the Indian population has a low risk of CVD, a small but significant proportion have a high risk. It also highlights the disparities among the different socio-economic and educational groups, with a shifting of the burden to the poorer population. It also emphasizes the protective role of physical activity against cardiovascular disease, suggesting the need for initiatives to encourage regular exercise. A large proportion of individuals with blood pressure in the levels of hypertension were undiagnosed but had a similar risk of developing cardiovascular disease. These findings highlight the importance of promoting regular health check-ups for early detection and management of hypertension.
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Background: Osteoporosis is a multifactorial bone disease in which lipid metabolism plays an important role. Bone Mineral Density (BMD) measured by Dual-energy X-ray Absorptiometry (DXA) is a critical indicator for diagnosing osteoporosis. The cardiometabolic index (CMI) is a novel metric that combines two quantitative indicators of blood lipids—triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C). This study explores the association between CMI and BMD and seeks to elucidate the role of lipid metabolism in the context of bone health.

Methods: Based on the data of the National Health and Nutrition Examination Survey (NHANES) 2017–March 2020-pre-pandemic, weighted multiple linear regression and smooth curve fitting were used to study the relationship between CMI and femoral BMD. Stratified analyses were also conducted for age, gender, BMI, ethnicity, diabetes and hypertension status. And, the saturation threshold effect of CMI was further analyzed using a two-stage linear regression model.

Result: This study enrolled a total of 1,650 participants (48.7% males), with an average age of 63.0 ± 8.6 years. After adjusting for multiple confounding factors, CMI was positively correlated with total femur BMD, trochanter BMD, and intertrochanter BMD, while the correlation with femur neck BMD was not statistically significant. In the fully adjusted model, each unit increase in CMI was associated with a 0.026 (g/cm2) increase in total femur BMD, a 0.022 (g/cm2) increase in trochanter BMD, and a 0.034 (g/cm2) increase in intertrochanter BMD. Subjects in the highest quartile of CMI had a 0.034 (g/cm2) increase in total femur BMD, a 0.035 (g/cm2) increase in trochanter BMD, and a 0.039 (g/cm2) increase in intertrochanter BMD in the fully-adjusted model compared to those in the lowest quartile. In addition, saturation was observed between CMI and total femur BMD, trochanter BMD and intertrochanter BMD, with saturation thresholds of 1.073, 1.431 and 1.073, respectively.

Conclusion: CMI is strongly associated with BMD, indicating its potential relevance in bone metabolism. However, the role of CMI in the context of bone health, especially regarding osteoporosis risk, requires further investigation in large-scale prospective studies.
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Introduction

Osteoporosis (OP) is a systemic skeletal disease characterized by an increased risk of fractures (1). Approximately 200 million people worldwide are affected by osteoporosis, and according to NHANES data, more than 16.20% of the population in the United States suffers from osteoporosis, and as aging intensifies, this proportion will gradually increase (2, 3). Osteoporosis is characterized by a loss of bone mass and damage to the microstructure of the skeleton, significantly increases the incidence of fragility fractures (4, 5). Femoral BMD is an important indicator for the detection and diagnosis of osteoporosis. It is strongly associated with all-cause mortality in osteoporosis patients, with hip fractures due to decreased femoral BMD being even more devastating in the older adult population (6, 7). The World Health Organization (WHO) has proposed that Bone Mineral Density (BMD) measured by Dual Energy X-ray Absorptiometry (DXA) is the gold standard for diagnosing osteoporosis, which helps identify potential risk factors for bone health and plays a crucial role in the prevention and early detection of osteoporosis (8).

Recent research has revealed a close relationship between lipid metabolism and bone metabolism. Specifically, studies shown that osteoporosis is strongly associated with high-density lipoprotein cholesterol (HDL-C) and triglycerides (TG) (9, 10). Moreover, Gender differences significantly influence osteoporosis development and progression. Postmenopausal women are at heightened risk due to hormonal changes, particularly estrogen deficiency, which accelerates bone loss and adversely affects lipid metabolism, increasing osteoporosis risk (11, 12). However, there is a lack of consistent evidence on the relationship between lipid metabolism and osteoporosis.

Recent studies have observed increased bone mineral density and altered bone health in patients with high-risk cardiometabolic conditions, such as prediabetes, type 2 diabetes, and non-alcoholic fatty liver disease, suggesting a potential link between cardiometabolic risk factors and bone health (13–15). The cardiometabolic index (CMI) has been recognized as a new indicator of the distribution and dysfunction of visceral adipose tissue and primarily used to assess cardiovascular disease risk. CMI not only indicates an individual’s degree of obesity but also reflects blood lipid levels (16, 17). However, its correlation with osteoporosis and BMD remains unclear. Therefore, this study used the National Health and Nutrition Examination Survey (NANES) database to examine the relationship between CMI and BMD at different sites in the femur, thereby investigating the link between lipid metabolism and osteoporosis.



Materials and methods


Reach publication

The NHANES database is the largest population-based national nutritional health survey in the world, managed by the U.S. National Center for Health Statistics (NCHS). The survey has been conducted biennially since 1999, utilizing a complex, stratified, multistage sampling design to select representative populations. More detailed information about the NHANES database can be found on the NHANES website: http://www.cdc.gov/nchs/nhanes/.

This study focuses on the 2017–2020-pre-pandemic NHANES database, which includes 15,560 participants, and aims to assess the nutritional and health status of Americans. Among these participants, 3,445 underwent DXA testing. After excluding subjects with missing relevant covariates, the study included a total of 1,650 subjects. The survey collected data through household questionnaires, telephone interviews, and examinations conducted by medical professionals and trained staff. Further details can be found at https://www.cdc.gov/nchs/nhanes/irba98.htm.



Variable

The independent variable in this study was CMI, which was derived from anthropometric indicators and blood samples. Data were collected based on standardized sampling protocols and rigorous laboratory tests and measurements to ensure validity and accuracy. Blood samples were typically collected in an investigative vehicle or at a designated sampling site and then processed and tested in a standard laboratory. Subjects’ height and waist circumference were measured by certified health professionals in a mobile screening facility. Based on the above indicators, calculate WHtR and CMI:

[image: image];

The dependent variable was BMD measured by NHANES DXA using a Hologic Discovery Model A densitometer with APEX 3.2. BMD (g/cm2) was defined as bone mineral content (g) divided by bone area (cm2). Specific data on BMD measurements using DXA can be found on the website: https://wwwn.cdc.gov/nchs/nhanes/Search/DataPage.aspx?Component=Examination, particularly in the chapter “Dual-Energy X-ray Absorptiometry—Whole Body.”

Based on previous studies, confounders that could potentially affect BMD were selected to eliminate potential effects on outcomes (18, 19). We also analyzed these covariates for multicollinearity and no multicollinearity was detected. Finally, the following covariates were collected and adjusted for gender, age, race, PIR (Poverty Income Ratio), body mass index (BMI), blood urea nitrogen (mg/dl), creatinine (mg/dl), globulin (g/dl), total protein (g/dl), uric acid (mg/dl), glycohemoglobin (%), low-density lipoprotein cholesterol (mmol/L), serum phosphorus (mmol/l), serum iron (μmol/l), serum calcium (mmol/l), and smoking status, alcohol consumption, and the presence of hypertension or diabetes. For more information on covariates, see the NHANES website: http://www.cdc.gov/nchs/nhanes/.



Data analysis

Continuous variables were expressed as mean values with standard deviations (mean ± SD), while categorical variables were presented as percentages. The comparison of continuous variables was conducted using a weighted t-test, and for categorical variables, a chi-squared test was applied, with outcomes reported as counts (n) and percentages (%). Multivariate regression models were used to assess the relationship between CMI and BMD. To assess the correlation between covariates and the analytical outcomes, three distinct models were formulated. Each model in the analysis progressively incorporated additional adjustments for covariates. The initial model remained unadjusted, while the second model included partial adjustments for age, gender and race. Model 3 represents the fully adjusted model, encompassing additional variables such as BMI, smoking habits, alcohol consumption, diabetes, hypertension and so on. Following this, subgroup analyses were executed to explore potential modifications in effect measures, including gender, ethnicity, age and BMI as potential influential factors. Finally, the saturation threshold effect of CMI was further analyzed using a two-stage linear regression model. Statistical analyses were conducted using R and Empower Stats, with significance set at p < 0.05 and strong significance at p < 0.01.



Ethics approval and consent to participate

NHANES participants were required to sign an informed consent form, and the data are now publicly available. The study was reviewed and approved by the Research Ethics Review Board of the National Center for Health Statistics (NCHS). The acquisition and dissemination of data within the NHANES database adhered to the principles of the Declaration of Helsinki, with the necessary approval from the Ethics Committee to ensure the ethical integrity of the data used in this investigation. The research methodology is based entirely on publicly available statistical data. All research activities complied with applicable laws and ethical standards in accordance with the guidelines for data usage and research practices.




Result


Baseline characteristic

A total of 1,650 subjects were included in this study, mean age: 63.0 ± 8.6 year, of which 48.7% were male and 51.3% female. Subjects included 5.1% Mexican American, 6.8% Other Hispanic, 69.8% Non-Hispanic White people, 9.3% Non-Hispanic Black people, 5.8% Non-Hispanic Asian and 3.3% Other Race—Including Multi-Racial.

As shown in Table 1, subjects were categorized into CMI quartiles: Q1 (0.041–0.283), Q2 (0.284–0.485), Q3 (0.486–0.831), and Q4 (0.832–24.483), based on the 25th, 50th, and 75th percentiles of the CMI distribution. Most of the covariates in each subgroup were significantly different from each other. We found that populations with higher CMI (Q4) were predominantly male, non-Hispanic white people, hypertensive, and non-diabetic. And with increasing CMI, there was a gradual increase in BMI, hip circumference, blood urea nitrogen, globulin, blood uric acid, glycated glycohemoglobin, total cholesterol, low-density lipoprotein cholesterol (p < 0.001), and a gradual increase in bone mineral density of the femur at all sites of the femur (p < 0.001) in the population. On the contrary, Serum iron gradually decreased with increasing CMI (p < 0.001).



TABLE 1 Weighted characteristics of the study population based on CMI.
[image: Table1]



Association between CMI and BMD

We used weighted multiple linear regression models to reveal the relationship between CMI and BMD. As shown in Table 2, in the simple adjustment model (Model2), there is a significant positive correlation between CMI and femoral BMD: total femoral BMD (0.019 (0.012, 0.025) <0.001), Femur neck BMD (0.009 (0.003, 0.016) 0.006), trochanter BMD (0.015 (0.009, 0.021) <0.001), intertrochanter BMD (0.022 (0.014, 0.030) <0.001). In the fully adjusted model (Model3), the positive correlation between CMI and femur neck BMD was not significant (0.001 (−0.014, 0.016) 0.904) but remained significant with total femur BMD (0.026 (0.010, 0.041) 0.001), trochanter BMD (0.022 (0.008, 0.035) 0.002) and intertrochanter BMD (0.034 (0.015, 0.053) <0.001) remained significantly positively correlated. It can be found that in the fully adjusted model (Model3), for each 1-unit increase in CMI, the corresponding increase in total femoral BMD was 0.026 g/cm2, trochanter BMD was 0.015 g/cm2, and intertrochanter BMD was 0.022 g/cm2. When CMI was grouped according to quartiles using CMI Q1 as the reference, in the fully adjusted model (model3), the contribution of CMI to total femoral BMD (0.034 (0.013, 0.055) 0.001), trochanter BMD (0.035 (0.017, 0.054) <0.001) and intertrochanter BMD (0.039 (0.014, 0.065) 0.003) remained significant and the trend between each group is also statistically different (p for trend <0.05). In addition, the results of smoothed curve fitting (Figure 1) further demonstrated the positive correlation of CMI on total femoral BMD, trochanter BMD, and intertrochanter BMD, but the effect of CMI on femur neck BMD was not significant. Interestingly, as CMI increased, there was a brief period of decline in trochanter BMD followed by an upward trend.



TABLE 2 Associations between cardiometabolic index and BMD.
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FIGURE 1
 The nonlinear associations between CMI and BMD. The solid red line represents the smooth curve fit between variables. Blue bands represent the 95% of confidence interval from the fit.




Subgroup analysis

We performed subgroup analyses and interaction tests stratified by age, gender, race, BMI, diabetes status and hypertension status to evaluate whether the relationship between CMI and BMD is consistent in the general population, and the results are shown in Tables 3–8. When analyzed stratified by gender, the positive effect of CMI on BMD was predominantly seen in the female population (p < 0.05), particularly in Total femur BMD and Intertrochanter BMD (p < 0.01). When analyzed stratified by race, the positive correlation effect of CMI between total femoral BMD, trochanter BMD, and intertrochanter BMD was predominantly seen in non-Hispanic white people (p < 0.01). When analyzed stratified by age, the positive effect of CMI on total femoral BMD and Intertrochanter BMD was concentrated in people aged ≥60 years (p < 0.01). In contrast, the positive effect of CMI on trochanter BMD was concentrated in people aged <60 years. Furthermore, the positive correlation between CMI and BMD was significantly affected by age (P for interaction: 0.024). When analyzed stratified by BMI, the positive correlation of CMI on femoral BMD was mainly concentrated in people with BMI ≥30, particularly in Total femur BMD, Trochanter BMD and Intertrochanter BMD (p < 0.01). And the positive correlation of CMI on total femoral BMD and trochanter BMD was significantly influenced by the effect of BMI (P for interaction: 0.031; 0.043). When analyzed stratified by diabetes status, the positive correlation between CMI and total femur BMD, trochanter BMD, and intertrochanter BMD was predominantly observed in individuals with diabetes (p < 0.01). Moreover, the impact of CMI on trochanter BMD was significantly modified by diabetes status (P for interaction: 0.044). In the analysis stratified by hypertension status, the positive association of CMI with total femur BMD, trochanter BMD, and intertrochanter BMD was primarily evident in those with hypertension (p < 0.01). Additionally, the influence of CMI on total femur BMD and intertrochanter BMD was significantly modulated by hypertension status (P for interaction: 0.005; 0.010).



TABLE 3 Subgroup analysis of the association between CMI and BMD (stratified by gender).
[image: Table3]



TABLE 4 Subgroup analysis of the association between CMI and BMD (stratified by race).
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TABLE 5 Subgroup analysis of the association between CMI and BMD (stratified by age).
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TABLE 6 Subgroup analysis of the association between CMI and BMD (stratified by BMI).
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TABLE 7 Subgroup analysis of the association between CMI and BMD (stratified by diabetes status).
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TABLE 8 Subgroup analysis of the association between CMI and BMD (stratified by hypertension status).
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Saturation effect analysis between CMI and BMD

As shown in Table 9 there was a saturation effect of CMI between total femoral BMD, trochanter BMD, and intertrochanter BMD with thresholds of 1.073, 1.431, and 1.073. There was a significant positive effect on BMD when CMI was below the threshold, and the regression coefficient decreased when CMI exceeded the threshold.



TABLE 9 Saturation effect analysis of CMI on BMD.
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Discussion

A total of 1,650 subjects, enrolled from 2017 to March 2020 (pre-pandemic period), were included in this study to evaluate the effect of CMI index on femur BMD. Our findings indicated that CMI had a significant positive correlation with total femoral BMD, trochanter BMD and intertrochanter BMD. Additionally, factors such as age, BMI, gender, diabetes, and hypertension status significantly influenced this correlation. However, there was no significant correlation between CMI and Femur neck BMD. This study is the first to identify a relationship between CMI and BMD, further demonstrating that BMD is closely related to fat metabolism.

CMI is influenced by a combination of triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), height, and waist circumference. Specifically, an increase in TG levels, a decrease in HDL-C levels, an increase in height, and a decrease in waist circumference all contribute to an increase in CMI. While many previous studies have examined these variables individually, the relationship between HDL-C and BMD has been particularly controversial. For example, In a screening of 1,304 women, Zolfaroli et al. identified a positive correlation between HDL-C and bone mineral density in the lumbar spine and femoral neck (20). Conversely, Han et al. found in a case–control study of 710 people that those with osteoporosis had higher HDL-C (21). Similarly, Kim et al. found a negative correlation between HDL-C and BMD and the correlation was not affected by gender in a cross-sectional study of a Korean population (9). Furthermore, Cui’s study of 1,035 male and 3,953 female healthy volunteers found that Subjects have a significant reduction in bone mass when HDL-C is greater than 1.56 mmol/L (22). In a cross-sectional study of a larger population, Xie et al. found a U-shaped relationship between HDL-C and lumbar spine BMD, with a negative correlation between HDL-C and lumbar spine BMD when HDL-C was <0.98 (mmol/L), and a positive correlation when this value was exceeded (23). Supporting these findings, cellular studies have also confirmed this relationship. Huang et al. found that HDL-C promotes cholesterol efflux from osteoblasts by upregulating ABCG1 expression, which disrupts the dynamic balance of cholesterol in osteoblasts, thereby inducing apoptosis and impairing osteoblast formation (24). Kha et al. found that high levels of HDL-C inhibited bone differentiation, which is mainly related to the fact that HDL-C removes oxidized sterols from the peripheral circulation which play an important role in osteogenic differentiation (25). In this study, the conversion of high HDL-C to CMI is reflected as low CMI, and the population in the low CMI group (Q1) in this study had lower BMD than the high CMI population, which briefly demonstrates the negative correlation between HDL-C and BMD.

I Furthermore, numerous studies have also explored the relationship between TG and BMD. Xu et al. found that TG can be used as a diagnostic indicator to assist in the diagnosis of osteoporosis in older women, and that TG levels were higher in the osteoporosis group than in the normal population (26). Similarly, Wang et al. analyzed NHANES data from 2017–2020 and found a positive correlation between TG and lumbar spine BMD at TG > 2.597 mmoL/L in the older age group of 50 years or older (18). These findings suggest that TG plays a significant role in bone health, and when TG was included in the calculation of CMI, it demonstrated a significant positive correlation between CMI and BMD.

Other indicators of lipid metabolism are also strongly associated with BMD. For example, there is a negative correlation between low-density lipoprotein cholesterol (LDL-C) and BMD, which is likely due to the fact that high levels of LDL-C promote osteoclastogenesis. Elevated LDL-C levels are believed to contribute to the loss of bone mineral density by enhancing osteoclast activity (27). This process is closely linked to key enzymes in the cholesterol metabolic pathway, such as HMG-CoA reductase.

The primary mechanisms underlying these effects include the removal of oxidized sterols from peripheral tissues by HDL-C and the inhibition of osteoblast differentiation by oxidation products of LDL-C. Cholesterol, high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) induced progenitor MSCs (mesenchymal stem cells) to undergo lipogenic, rather than osteogenic differentiation and induced RANKL—(nuclear factor receptor activator of κB ligand-) dependent osteoclast differentiation (25, 28). Trimpou et al. further observed necrosis of the femoral head under electron microscopy, noting a significant increase in both the number and size of adipocytes, which suggests that lipid metabolism may play a crucial role in the formation of bone geometry (29). Meanwhile, fatty acids, phospholipids and several endogenous metabolites have been reported to play a key role in the homeostatic level of bone. These molecules influence the survival and function of osteoblasts, participate in the bone mineralization process, and even regulate various critical signaling pathways (30).

Moreover, CMI is a new obesity index that reflects the distribution and functional status of visceral fat in the body. It represents both the degree of obesity and an individual’s lipid levels (17). Abdominal obesity is characterized by an increase in visceral fat, mainly in the form of an increased BMI. The relationship between BMI and BMD is currently controversial, and Asuman found that BMD was significantly higher in overweight individuals than in normal weight individuals (31). A cross-sectional study by Ma et al., based on NHANES data from 2005–2018, observed that the relationship between BMI and BMD is not simply linear; instead, there are saturation points where optimal BMD can be achieved by maintaining a slightly higher BMI (32). JIA et al. found that the lower the BMI, the greater the BMD loss in 128 postmenopausal women with osteoporotic fractures (33). However, Auslader et al. found no significant correlation between BMI and BMD in young women (34). The susceptibility of the female population to BMD is closely related to the decrease in oestrogen levels and the increase in osteoclast activity in postmenopausal women, resulting in a disruption of the balance between accelerated bone resorption and bone remodeling in favour of bone resorption (5, 35). This study also confirmed the significant effect of CMI on total femur BMD and trochanter BMD, with BMI playing a role in these outcomes. Additionally, our stratified analysis revealed that female BMD is more susceptible to the influence of CMI.

Furthermore, recent studies have demonstrated that the cardiometabolic index (CMI) is strongly associated with metabolic diseases such as cardiovascular disease, diabetes, and insulin resistance (36–38). Previous studies have shown that metabolic diseases such as diabetes mellitus, insulin resistance, and non-alcoholic fatty liver disease are strongly associated with BMD (13–15, 39). The haemodynamic changes in bone due to cardiovascular diseases such as hypertension and the hyperinsulinism associated with diabetes mellitus and insulin resistance will both promote osteoblast differentiation leading to increased BMD (40, 41). In addition, insulin resistance is often accompanied by changes in the secretion of adipokines, which may regulate bone metabolism through the RANKL/RANK/OPG system, promoting bone formation and leading to increased BMD (42) Consistent with these findings, a recent study demonstrated a positive relationship between insulin resistance, dysglycemia and BMD in young Indian women (39). This study also identified a positive correlation between CMI and BMD, particularly in hypertensive and diabetic populations, as revealed through stratified analyses.

In conclusion, osteoporosis and lipid metabolism are closely related. Therefore, the cardiometabolic index (CMI) can be used as a novel indicator of lipid metabolism levels in the body, which may aid in the diagnosis and prevention of osteoporosis. The strengths of this study include the use of a complex multi-stage probability sampling design, which enhances the reliability and representativeness of the findings. However, there are several limitations to consider. First, this study employed a primarily cross-sectional design, which limits the ability to establish a causal relationship between CMI, BMD, and osteoporosis. Additionally, bone microarchitecture and turnover were not evaluated, therefore limiting our ability to definitively determine the impact of increased CMI on bone health dynamics. Future research should include these parameters to provide a more comprehensive understanding of the relationship between CMI and bone health. Finally, the covariates included in this study were limited; however, the observed correlation between CMI and osteoporosis remains sufficiently robust, making it unlikely to be significantly affected by unmeasured factors.



Conclusion

This study revealed that total femur BMD, trochanter BMD, and intertrochanter BMD increase with higher CMI levels. This correlation was more pronounced in individuals aged 60 years and older, with a BMI of 30 or greater, and in those with diabetes or hypertension. However, further large-scale prospective studies are needed to validate these findings.
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Approachability | “Any health issue we have, I abways call the JPHN® siser; 1 have called her even at 10PM, and she answers all my queries very politely. She always explains in
and ability to detail, and I can understand her. When she comes to Anganswad,she abways informs s about al activities and services in the health center. I shiied my
perceive treatment to @ primary health center from a private one because she asked me. She knows my situation. In primary health centers, medicines, and services are
Jree of cost, butin private, we should wait hours for tokens and pay big money(44-year-old woman with diabetes)
“I waited a year and a half o start medication afier being diagnosed because I did not experience any issues related to this condition. There were no
headaches,tiredness, or shivering. Shouldnt we be concerned when these symptoms appear’(59-year-old woman with hypertension)
“Following Ramadan, I experienced weight los, increased water intake, and frequent urination. Unaware of these as diabetes symptoms, I was pleased with
iy weight loss and attributed frequent urination to staying well-hydrated. Nevertheles,friends and relatives noticed the weight los, questioning its cause,
and a relative suggested a blood test. The private lab reported a fasting sugar level above 230, indicating a high likelihood of diabetes, and advised an
immediate doctor’s visit”(55-year-old woman with diabetes)
“Occasionally, I checked my blood pressure and blood sugar during the monthly NCD screening camp in Anganwadi. Both readings were sightly elevated,
around 10-20 points higher than normal. The JPHN sister recommended diet restrictions in one visit for a potential cure and never asked me to consult a
doctor or start medication.  tried to follow a resticted diet for 1.5 years and assumed I was all right. However, I faced severe peumonia six months ago,
impacting my lungs. I was hospitalized for over ten days at a private hospital. Tests revealed a blood sugar level above 350, affecting my kidneys and eyes.
Since then, I've consistently taken medications for blood pressure, diabetes, and kidney concerns. The doctor stressed the Iifelong need for medication.’(60-

year-old woman with diabetes and early renal disease)

Acceptabilityand | 1 believe a comprehensive full body checkup and review are necessary due to my use of insulin, aspirin, and various medications for conditions like high

ilty toseek. | blood pressure, high cholesterol, and diabetes. This s especially important after my heart surgery three years ago. Unfortunately, the primary health center
lacks the required specialists and faciltis for this evaluation(56-year-old woman with diabetes, hypertension, and CVD).
“The hospital staff has designated treating peaple with diabetes or hypertension to Mondays and Wednesdays from the FHC. If we cannot make it on those
days, the pharmacist reluctantly provides medicines, with grumbling. T once asked him why he was here if he could not accommodate other days. Our
schedules do not always align with these days, as we have other commitments. When I raised this with a doctor, no action was taken. Respect for older adults
should be a mutual value from childhood. I'm unhappy with staff behavior, but due to financial constraints, we have no choice but to return for
medicines”(66-year-old woman with hypertension)
“In public healtheare facilties, the doctors often rush through appointments, barely allowing patients a moment to sit. They promptly reach for our notebooks
and jot down medicines without inuiring about our concerns. Even when we ry to communicate, they arent truly listening. There seems to be no need for
them 10 refer 10 previous prescriptions nowadays. If we present our notebooks, they repeat the same medications. When consulted privately, the same doctor
took the time to explain everything in detail to me. (44-year-old woman with hypertension)
I heard from fellow visitors of this facilty that the medicines offered here are of low dose and quality. I sought care from Dr. X at XX Hospital, a private
establishment. Over time, I have consistently consulted him for various health concerns due to my trust in his expertise and prescribed medications. Upon
reviewing all my medical reports, Dr. X assured me everything was normal. He said I was ft and healthy for my age, offering a reassuring pat on my shoulder
This brought about a sense of relif in e (66-year-old woman with diabetes)
1 was taking allopathic medicines, and my sugar was in control, but then you see, people started telling me, that continuously taking allopathic medicines is
dangerous, damaging my kidneys, so I was worried and thought of rying Ayurveda. 1 experimented with ‘kanthari Mallika kashayam; a herbal decoction,
Jor a period. A traditional healer from Attapadi supplied the medicines monthly to my maternal home. In March, I consumed two bottles. After breakfast, the
healer advised a daily intake of 200 millilites in a glass of hot water. My relatives, including my uncle and brother, also used it and suggested it to me. Given
our family’ strong history of diabetes—mast family members over 45 years old have it—I decided to try it for a few months. I educed my intake of other
medicines and insulin, only taking half a tablet. However; I did not experience any benefts: 1 felt worse. Consequently, I resumed my allopathic tablets”(56-
year-old woman with diabetes, hypertension, and CVD)

Availability and “Getting to XXX health center poses a significant challenge due to the absence of  suitable bus route. The imited daily bus schedule of 3-4 trips does ot

ability to reach | extend to the facilty. Moreover, there i an uphill walk from the bus stop to the hospital premises. 1 feel tired to walk. I cannot cover the expense of taking an
auto-rickshaw’(62-year-old man with diabetes and hypertension)
“nitally,  used to accompany twa others (neighbors) on our visits, but since their blood sugar levels did not improve and they discontinued their visits,
I found it difficult to continue going alone. Consequently, I have stopped visiting the facility temporarily.’(66-year-old woman with diabetes)
“While improvements ke infrastructure such as airport chairs and water faciltes have been made, our most critcal needs are still unaddressed. The efforts
are commendable, but it would be highly beneficial if we could receive all necessary medications free of charge. We are willing to patiently wait in line if it
means accessing medicines without cost. (FGD)
“From my experience, I have noticed that when I consume tablets available at health centers, there is no improvement in sugar levels; they remain persistently
‘high and result in increased fatigue. However, it is only when I use insulin I observe a reduction. But I do not receive a consistent supply of three insulin
bottles monthly’(60-year-old woman with diabetes and early renal disease)
“Doctor opts for fasting sugar tests, which lead me to private laboratories. The public health facility is often crowded, and enduring lengthy waits without
cating becomes challenging. Typically, the lab procedures commence around 9 AM in this health center, which further adds to the difficulty of waiting without
food'(45-year-old woman with diabetes).

Affordability and | “Formerly, we received four bottles of insulin from this facility. However, this supply has ceased and we receive only two. Upon my inquiry to doctors, we were
abiliy to pay informed that medication is now prioritzed for emergency and new diabetic cases. All of us are above G0years old and unemployed, so purchasing medicines
Jrom private pharmacies i challenging. We are buying from Jan Aushadhi stores and spending 300 rupees per month to cover our medication expenses.'(62-
year-man with diabetes and hypertension)
“Everythings expensive now. Sadly, I am also not receiving the old age pension, leaving me without financial support I ely on the ration shop’s yellow card
Jor free ice. Due to excruciating leg pain, I cannot work and even struggle to walk to the restroom. Seeking private medical consultation requires around
300-400 rupees, which I cannot afford. In government healthcare, I do not receive al the necessary medications.’(62-year-old woman with diabetes and
peripheral artery discase, for 12 ycars)
“I sought medical advice from Dr § a few years back, but I had to discontinue due to financial issues. Intead of visiting the doctor when I feel unwell,
I occasionally purchase medicines wsing my previous prescription. However, my irregularity in secking medical care has made me hesitant to return to the
same doctor. The lack of money has caused me to lapse in my treatment. I am aware that diabetes i a chronic condition that requires consistent medication

(pauses and tears up).'(51-year-old woman with diabetes)

Appropriateness | “Occasionally, I experience headaches and a general fecling of unease, and I'm uncertain how to handle these situations. I usually opt to wait and observe if

the symptoms alleviate naturally. If they persis, I may need to consider visiting the doctor a the FHC once more. Managing these health concerns comes with
engage associated costs, such as transportation and medication expenses. S0, 1 folerate”(49-year-old woman with diabetes)

“In my perspective, when a patient visits @ doctor or nurse, their soothing and comforting words alone can alleviate a significant portion of our distress. For
instance, addressing us affectionately and engaging in casual conversation while administering medication can help dul the pain. When my husband was
hospitalized at MMM (a private hospital), I vividly remember the Kidney specialist who attended to him. This doctor would call and inguire, “How’s Appi
Etta doing? What did you have for breakfast?” Those simple inquiries brought about a sense of ease and positivity. However, the doctor at the health center
has a very quick temper and frequently raises his voice, making it dificult for us to approach them with any questions or concerns. He maintains a strict
demeanor, and I fear him. Our interactions usually conclude with him prescribing medications, which we then purchase before returning home. I distinctly
vecall an incident where e scolded a diabetic person who wished to collect medications o his wife as well’(60-year-old woman with diabetes on insulin)
“When my leg pain worsens, 1 visit a private healthcare facilit. However, during my visits, doctors scolded me for using medications for diabetes from public
healthcare providers. There is the Jan Aushadbi store pharmacy, where medicines are cheaper. Private doctors allege that the public health centers and Jan
Aushadi store distribute outdated medications, advising us to dispose of these tablets. They even warn that using such medicines might lead to other health
issues. Some professionals go so far as to claim that any medication obtained for fre is of subpar qualit. As a result, 1 find myself uncertain where to place

iny trust’(62-year-old woman with diabetes and peripheral artery discase, for 12years, on a woman with oral hypoglycemi

“Many of us, particularly those dealing with diabetes and hypertension, share ths general sentiment that the medicines provided at this faciliy are outdated

and seem incffective, which is the cause behind our uncontrolled blood sugar levels. During our wait to sce the doctor, I've heard numerous individuals
express similar concerns about the medications.”(FGD)

“When 1 eel excessively tired, 1 may take @ whole pill intead of the usual half. Generally, there is not much el that needs to be done. Doctors typically

continue prescribing the same medications. As a result, I do not find it necessary to make monthly visits o the dlinc. (55-year-old man with diabetes)
“Ltry to include salads or opt for wheat-based foods during dinner. 1 have learned about dictary limitations and the significance of physical activitis such s
walking and sit-ups through sessions and gatherings held at the government hospital in Perinthalmanna. In the past, I used to engage in walks lasting 1 fo
1.5h, often with the company of my friends. Unfortunately following my heart surgery; I've had to discontinue all forms of physical activity due to my
limitations. Despite this, 1 till manage to carry out routine tasks at a more lesurely pace. (56-year-old woman with diabetes, hypertension, and CVD,
underwent surgery three years ago)

“T am consuming a considerable number of tablets cach day, three before meals four afier meals. Additionally, 1 administer insulin right aftercating.
Following this medication routine and accompanying it with water, my stomach feels quite full, making me lose my appetitefor dinner?! This poses a
significant concern for me, s extensive use of medicines leaves me wondering whether my body can tolerate too many medicines. If possible, I wish to curtail

Jow medicines” (56-year-old woman with diabetes, hypertension, and CVD, underwent surgery three years ago)
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Participant ID Age Marital status ~ Level of Occupation Chronic NCD

(in years) Education (self-reported

diagnosis)

1 67 Female Married Lower Primary Housewife Diabetes hypertension

2 55 Male Married High school Skilled worker Hypertension

3 48 Male Married Completed high school | Technical worker Diabetes, hypertension

4 52 Female Married Completed high school | Housevwife Diabetes

5 57 Female Married High school Skilled worker Diabetes

6 64 Female Married Lower Primary Housewife Diabetes

7 59 Female Married Secondary Housewife Diabetes, Hypertension,
and Cardiovascular
diseases (CVD)

8 45 Female Married Completed Secondary | Skilled worker Diabetes

9 51 Female Married High school Skilled laborer Hypertension, asthma

10 63 Male Married Upper Primary Manual laborer Hypertension

n 44 Female Widowed Degree Skilled worker Hypertension

12 5 Female Married Completed high school  Skilled worker Diabetes, hypertension

13 59 Female Married Completed secondary | Housewife Hypertension

1 45 Female Married Completed Secondary | Technical worker Diabetes

15 62 Male Married Lower Primary Manual laborer Diabetes, hypertension

16 56 Female Married Lower Primary Unable to work. Diabetes, Hypertension,
and CVD

17 66 Female Married Lower Primary Housewife Hypertension

18 56 Female Married Upper Primary Housewife Diabetes

19 48 Female Unmarried Secondary Manual laborer Diabetes

20 55 Male Married Lower Primary Manual laborer Diabetes

2 60 Female Married Upper Primary Housewife Diabetes and early-stage
renal disease

2 66 Female Married Lower Primary Unable to work. Diabetes

2 57 Female Married Complete Secondary | Housewife Hypertension

2 ) Male Married Degree Skilled worker Diabetes and
hypertension

2 51 Female Widowed Secondary Housewife Diabetes

26 48 Female Married Completed Secondary | Housewife Hypertension
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Number(%)/Mean(SD)

VFA(cm?)

Gender Male 1803(69.94)
Female 775(30.06)
Age(years) 55.36(14.17)
BMI (kg/m?) I <240 1033(40.23)
24.0~27.9 1131(44.04)
>27.9 404(15.73)
Waist-to-hip ratio Normal 712(27.62)
Over-standard 1866(72.38)
Type 2 diabetes Yes 144(5.59)
No . 2434(94.41)
Hypertension Yes 422(16.37)
No 2156(83.63)
CIMT (mm) <1.0 1871(72.58)
=10 707(27.42)
| Total cholesterol (mg/dL) | 4.86(0.94)
Triglycerides (mg/dL) 1.85(1.32)
HDL cholesterol (mg/dL) . 1.29(0.29)
LDL cholesterol (mg/dL) 2.59(0.70)
Uric acid (umol/L) 356.36(92.15)
Body fat percentage (%) 28.26(7.13)
94.76(33.24)
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Characteristics CIMT(mm)

Gender Male 1219(67.61) 584(32.29) 74314 <0.001
Female 652(84.13) 123(15.87)

Type 2 diabetes Yes 1806(74.20) 628(25.80) 57.685 <0.001
No 65(45.14) 79(54.86) »

Hypertension Yes 1651(76.58) 505(23.42) 105.951 <0.001
No 220(52.13) 202(47.87)

BMI (kg/m?) <240 743(71.93) 290(28.07) 1475 0478
24.0~279 817(72.24) 314(27.76)
>27.9 303(75.00) 101(25.00)

‘Waist-to-hip ratio Normal 509(71.49) 203(28.51) 0.584 0.445
Over-standard 1362(72.99) 504(27.01)

Age(years) 50.89+13.09 63.89+13.07 2253 <0.001

Triglycerides (mg/dL) 1.87+1.41 1.79+1.06 1.605 0.109

Total cholesterol (mg/dL) 4.89+0.92 4.79+0.98 2.364 0.018

HDL cholesterol (mg/dL) 1.31£0.29 1.25+0.29 4.236 <0.001

LDL cholesterol (mg/dL) 2.59+0.68 2.58+0.74 0.319 0.750

Uric acid (tmol/L) 354.54+94.17 361.12£86.49 1613 0.107

VFA(cm?) 94.73+33.56 94.85£32.41 0.083 0.934

Body fat percentage (%) 28.26+7.34 28.26+6.53 0.003 0.998
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variables Wald OR (95%ClI)
Age (years) 0.068 0.004 264.097 1.071(1.062-1.080) <0.001
Gender (ref. female) 0.515 0.149 2012 1.673(1.251-2.238) 0.001
Hypertension (ref. No) 0.291 0.133 4.790 1.337(1.031-1.735) 0.029
Type 2 diabetes (ref. No) 0.429 0.196 4.768 1.535(1.045-2.255) 0.029
HDL cholesterol (mg/dL) -0.616 0.198 9.675 0.540(0.366-0.796) 0.002
LDL cholesterol (mg/dL) 0.290 0.074 15.391 1.336(1.156-1.544) <0.001
| Constant -4.474 ' 0.522 73.563 0.011 <0.001






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Metabolic diseases and healthy aging: prevention and public health policy based on risk factors



		Editorial: Metabolic diseases and healthy aging: prevention and public health policy based on risk factors



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note









		Metabolic diseases and healthy aging: identifying environmental and behavioral risk factors and promoting public health



		1. Introduction



		2. The interactions between aging and metabolic diseases



		2.1. Aging as a risk factor for metabolic diseases



		2.2. Impact of metabolic diseases on the aging process









		3. Environment risk factors



		4. Behavior risk factors



		4.1. Role of diet in metabolic diseases and healthy aging



		4.2. Influence of physical activity and sedentary behavior on metabolic health



		4.3. Smoking and its association with metabolic diseases and aging



		4.4. Alcohol consumption and its impact on metabolic health in aging populations



		4.5. Sleep patterns and their relationship with metabolic diseases and aging



		4.6. The role of psychological stress and mental health in metabolic diseases and aging









		5. Promoting public health for healthy aging



		6. Conclusion



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References









		Demand and influencing factors of “Internet + Traditional Chinese Medicine” home nursing service for older adult patients with chronic diseases: a mixed research perspective



		1. Introduction



		2. Materials and methods



		2.1. Research object



		2.1.1. Sample size calculation









		2.2. Research methods



		2.2.1. Quantitative research



		2.2.1.1. General information questionnaire



		2.2.1.2. Questionnaire on the demand for Chinese medicine services



		2.2.1.3. Questionnaire on general knowledge of Chinese medicine



		2.2.1.4. Attitude scale of traditional Chinese medicine for older adults



		2.2.1.5. Questionnaire on home care needs of patients with chronic diseases









		2.2.2. Qualitative research



		2.2.3. Data collection



		2.2.3.1. Quantitative study



		2.2.3.2. Qualitative research









		2.2.4. Statistical analysis



		2.2.4.1. Quantitative research



		2.2.4.2. Qualitative research









		2.2.5. Ethical approval















		3. Results



		3.1. Quantitative findings



		3.1.1. General information of respondents and one-way analysis of factors



		3.1.1.1. General information of survey respondents









		3.1.2. Older adult patients with chronic diseases need for Chinese medicine nursing service, Chinese medicine awareness, Chinese medicine attitude, and home nursing service demand score



		3.1.3. Multiple regression analysis of the demand for TCM nursing services for older adult patients with chronic diseases









		3.2. Qualitative findings



		3.2.1. Theme 1: facilitating factors



		3.2.1.1. Stronger willingness to participate



		3.2.1.2. Perceived usefulness









		3.2.2. Theme 2: obstacles factors



		3.2.2.1. Cognitive limitations



		3.2.2.2. Low level of digital literacy



		3.2.2.3. Cost of services and geographical factors









		3.2.3. Theme 3: multiple needs of “Internet + TCM” home care



		3.2.3.1. Demand for the provision of diversified care programs



		3.2.3.2. Dialectical care and the need for quality care



		3.2.3.3. The need to improve the health insurance and service system





















		4. Discussion



		4.1. Strengthening the demand for care and enhancing facilitating factors



		4.2. Improve the service system and overcome obstacles factors



		4.3. Improve service quality and provide precise TCM care



		4.4. Potential shortcomings and limitations



		4.4.1. Potential shortcomings



		4.4.2. Limitations















		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References









		Prevalence and influencing factors of abnormal carotid artery intima-media thickness in Henan Province in China



		Background



		Methods



		Results



		Conclusion



		1 Introduction



		2 Materials and methods



		2.1 Study population



		2.2 Measurements of CIMT



		2.3 Clinical data and biochemical analysis



		2.4 Body composition measurement



		2.5 Statistical analysis









		3 Results



		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		References









		Voices of care: unveiling patient journeys in primary care for hypertension and diabetes management in Kerala, India



		1 Introduction



		2 Methods



		2.1 Study design



		2.2 Study setting



		2.3 Study participants, sampling strategy



		2.4 Data collection



		2.5 Data analysis









		3 Results



		3.1 Approachability and ability to perceive



		3.2 Acceptability and ability to seek



		3.3 Availability and ability to reach



		3.4 Affordability and ability to pay



		3.5 Appropriateness and ability to engage









		4 Discussion



		4.1 Strengths and limitations of the study



		4.2 Implication for practice and research









		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References









		Associations between special diet and incidence risk of osteoporosis: a Mendelian randomization study



		1 Introduction



		2 Materials and methods



		2.1 Study design



		2.2 Selection of instrumental variables and data source



		2.3 Statistical analysis









		3 Results



		3.1 Special diet and osteoporosis



		3.2 Special diet and bone mineral density









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References









		Has learning gone to waste?—Health-promoting behaviors of seniors



		Introduction



		Materials and methods



		Results



		Discussion



		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References









		Sarcopenia-related traits and 10 digestive system disorders: insight from genetic correlation and Mendelian randomization



		1 Introduction



		2 Materials and methods



		2.1 Study design



		2.2 Data source for sarcopenia-related traits



		2.3 Data source for 10 digestive system disorders and metabolic disorders



		2.4 Instruments selection



		2.5 Statistical analysis



		2.5.1 Genetic correlation analysis



		2.5.2 MR analysis















		3 Results



		3.1 Genetic correlation



		3.2 MR analysis



		3.2.1 Discovery results



		3.2.2 Replication results



		3.2.3 Combined results from the meta-analysis



		3.2.4 Mediation analysis















		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References









		The relationship between accelerometer-based physical activity, sedentary behavior, and seven common geriatric syndromes: a two-sample Mendelian randomization study



		1 Introduction



		2 Materials and methods



		2.1 Study design



		2.2 Data sources



		2.3 Genetic instrumental variable selection



		2.4 Statistical analysis









		3 Results



		3.1 MR results



		3.2 Sensitivity analysis









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References









		Cardiovascular risk assessment using non-laboratory based WHO CVD risk prediction chart with respect to hypertension status among older Indian adults: insights from nationally representative survey



		Introduction



		Methodology



		Data source



		Outcome variable



		Independent variables



		Missing values and the final data selected



		Data analysis









		Results



		Discussion



		Policy implications









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References









		Cardiometabolic index is associated with increased bone mineral density: a population-based cross-sectional study



		Introduction



		Materials and methods



		Reach publication



		Variable



		Data analysis



		Ethics approval and consent to participate









		Result



		Baseline characteristic



		Association between CMI and BMD



		Subgroup analysis



		Saturation effect analysis between CMI and BMD









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References























OPS/images/fpubh-11-1253506/fpubh-11-1253506-t001.jpg
Risk factors
Environmental pollutants

Diet and nutrition

Physical activity and sedentary

behavior
Tobacco smoking

Alcohol consumption

Sleep patterns and quality

Physical stress and mental health

Relationship to metabolic diseases

Increase metabolic diseases

Poor

ary choices contribute to metabol

healthy diet can maintain optimal metabs

Regular physical activity can reduce metabolic discases risk;

Sedentary lifestyle can elevate metabolic discases risk

Increase metabolic diseases

Excessive and prolonged alcohol consumption can have

detrimental effects on metabolic health

Chronic sleep deprivation, poor sleep quality, and

disturbances in sleep patterns elevate metabolic diseases risk

Increase metabolic diseases risk

Relationship to aging
Accelerate the aging process

Poor diet can aggravate metabolic diseases
and aging; healthy diet can maintaining
promoting healthy aging

Regular physical activity can delay aging;
Sedentary can promote aging

Accelerate the aging process

Excessive and long-term alcohol
consumption has a negative impact on aging
Inadequate sleep can impair cognitive
function and accelerates the aging-related

complications

Accelerate the aging process

Refs
(12,13,50-52)

(69-74, 161)

(35,92,93,99,100)

(120,121, 123-128)

(131-136)

(140-146)

(147-153, 162)





OPS/images/fpubh-11-1271082/crossmark.jpg
(®) Check for updates






OPS/images/fpubh-11-1253506/crossmark.jpg
(®) Check for updates






OPS/images/fpubh-11-1253506/fpubh-11-1253506-g001.jpg
Environment Risk Factors

~

Behavior Risk Factors

‘Tﬁ;ﬂ-,‘

i A ey

' 4 )
Madicings.  (Obeslly.  Polaion Lowintake of PNt procegsed meats Alcoholintake Smoking  Physical  Sieep apnea
| Dasedingredionts Progedm inactivty
Metabolism
Alcoh
Impair fatty liver
‘cognitive function
; iar
Accelerated 5 Lungs
cellular and e l )
molecular aging Metabolic
dysregulation

Aging






OPS/images/fpubh-11-1271082/fpubh-11-1271082-t002.jpg
Regression Standard Standard Tvalue p value

coefficient error coefficient
(Constant) ~15.646 4834 -3.237 0.001
Questionnaire on home care needs of patients with chronic diseases 0254 0013 0.686 20085 <0001
Questionnaire on general knowledge of Chinese medicine 0262 0047 0176 5558 <0001
Attitude scale of traditional Chinese medicine: 0304 0.062 0.162 4928 <0.001
Know about internet + Nursing home care: the mobile phone or computer 3951 1337 0094 2956 0003
Know about internet + Nursing home care: the newspaper or television 3493 1366 0079 2557 0011
R=0.845, R*=0.714, correction R'=0.709, F=45.159, p<0.001






OPS/images/fpubh-12-1403450/fpubh-12-1403450-t007.jpg
Adjust model p (95% Cl), p value

Stratified by diabetes status

Total femur BMD Yes 0.031 (0.013,0.050) <0.001
No 0.007 (~0.023, 0.036) 0.64
P for interaction 0241

Femur neck BMD Yes 0.016 (<0002, 0.035) 0.078
No ~0.039 (~0.068, ~0.011) 0.008
P for interaction 0012

Trochanter BMD Yes 0.028 (0.012, 0.044) <0.001
No 0.005 (<0.023,0.032) 0.735
P for interaction 0044

Intertrochanter BMD Yes 0.033 (0,011, 0.056) 0.003
No 0.028 (~0.009, 0.066) 0.143
P for interaction 0803

Age, gender, race,hip circumerence, poverty income rati, smoking status, alcohol status, hypertension status, BMI, blood urea nitrogen, blood creatinine, globulin, blood total protein, uric
acid, glycohemoglobin, serum phosphorus, serum calcium, serum iron, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C) were adjusted.






OPS/images/fendo.2023.1266207/crossmark.jpg
©

2

i

|





OPS/images/fpubh-12-1403450/fpubh-12-1403450-t008.jpg
Adjust model p (95% Cl), p value

Stratified by hypertension status

Total femur BMD Yes 0.057 (0,033, 0.081) <0.001
No 0.015 (~0.005, 0.034) 0.151
P for interaction 0.005

Femur neck BMD Yes —0.002 (~0.020, 0.019) 0.941
No 0.010 (<0014, 0.033) 0.434
P for interaction 0210

‘Trochanter BMD Yes 0.038 (0,017, 0.059) <0.001
No 0.018 (0.002, 0.036) 0.044
P for interaction 0.167

Intertrochanter BMD Yes 0.071 (0.041,0.101) <0.001
No 0.020 (<0004, 0.044) 0.107
P for interaction 0.010

Age, gender, race, hip circumference, poverty income ratio, smoking status, alcohol status, BMI, diabetes status, blood urea nitrogen, blood creatinine, globulin, blood total protein, uric acid,
glycohemoglobin, serum phosphorus, serum calcium, serum iron, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C) were adjusted.





OPS/images/fpubh-11-1271082/fpubh-11-1271082-e001.jpg





OPS/images/fpubh-12-1403450/fpubh-12-1403450-t009.jpg
Total femur BMD

Fitting by the standard 0,028 (0.020, 0.036) <0.001

linear model
Fitting by the two-piecewise linear model
Inflection point (k) 1073

0.136 (0.113,0.158) <0.001

>K point effect 2. 0.003 (<0007, 0.012) 0.595
Effect 2 minus effect] —0.133 (~0.160, ~0.107) <0.001
Predicted value of the 0995 (0.981,1.009)

equation at the folding
point

Log-likelihood ratio test <0.001

Femur neck BMD
0.001 (~0.014,0.016) 0.9036

0138
1,093 (0.439, 1.747) 0.001
—0.004 (~0.019,0.012) 0.623
—1.097 (~1.754, ~0.440) 0.001

0.746 (0.736, 0.757)

<0001

Trochanter BMD
0,023 (0.016,0.029) <0.001

1431
0.061 (0.032, 0.090) <0.001
0.001 (~0.007, 0.010) 0.725

~0.060 (~0.092, ~0.027) <0.001

0759 (0.742,0.776)

<0.001

Intertrochanter BMD
0034 (0.024, 0.043) <0.001

1073
0.163 (0.136, 0.190) <0.001
0.002 (~0.009, 0.013) 0.686

~0.161 (~0.193, ~0.130) <0.001

1186 (1170, 1.203)

<0.001





OPS/images/fpubh-11-1271082/fpubh-11-1271082-t001.jpg
Variables Assigns

“The number of chronic diseases 1 species =1, 2 species =2, 3 species =3, and more than 3 species =4
Whether the caregiver can meet the care needs Fully satisfy = 1, Can basically satisfy =2, Cannot satisfy=3, and Cannot satisfy at all =4
Knowledge of home care level Do not understand = 1, Have a certain understanding = 2, and Have experienced the

home care service =3

Know about internet + Nursing home care: newspaper television, mobile Yes=1, No=
computers, and others
“There are concerns about nursing door-to-door service, such as low personal safety, | Yes=1, No=0

high service cost, high risk of nursing operation, large nurse workload, and other

Whether you would like home care services





OPS/images/fpubh-12-1403450/fpubh-12-1403450-t003.jpg
Adjust model p (95% Cl), p value

Stratified by gender

Total femur BMD Male 0011 (~0.008, 0.031) 0.250
Female 0.040 (0.014,0.067) 0.003
P for interaction 0614
Femur neck BMD Male ~0.022 (<0042, ~0.002) 0.028
Female 0029 (0.003, 0.055) 0.030
P for interaction 0101
Trochanter BMD Male 0015 (~0.004,0.034) 0.116
Female 0026 (0.005, 0.048) 0.018
P for interaction 0.686
Intertrochanter BMD Male 0.019 (~0.005,0.042) 0.122
Female 0.044 (0012, 0.077) 0.008
P for interaction 079

Age, race, BMI, hip circumference, poverty income ratio, smoking status, alcoho status, hypertension status, diabetes status, blood urea nitrogen, blood creatinine, globulin, blood total
protein, uric acid, glycohemoglobin, serum phosphorus, serum calcium, serum iron, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C) were adjusted.





OPS/images/fpubh-12-1403450/fpubh-12-1403450-t004.jpg
Adjust model  (95% Cl), p value

Stratified by race

Total femur BMD. Mexican American 0.039 (~0.004, 0.082) 0.075
Other Hispanic ~0.025 (~0.065, 0.014) 0.209
Non-Hispanic White 0.036 (0,011, 0.062) 0.006
Non-Hispanic Black 0.019 (~0.028, 0.065) 0.431
Non-Hispanic Asian 0.076 (0,021, 0.131) 0.007

Other Race—Including Multi

~0.071 (~0.188, 0.046) 0.247

P for interaction 0573
Femur neck BMD Mexican American 0.015 (~0.028,0.058) 0.489
Other Hispanic ~0.040 (~0.082, 0.002) 0.067
Non-Hispanic White 0.007 (<0018, 0.032) 0.591
Non-Hispanic Black ~0.010(~0.055, 0.035) 0.666
Non-Hispanic Asian 0,065 (0.009, 0.122) 0.024
Other Race—Including Multi-Racial —0.051(=0.188, 0.086) 0.470
P for interaction 0,639
Trochanter BMD Mexican American 0,023 (~0.016, 0.063) 0.253
Other Hispanic 0020 (~0056,0017) 0292
Non-Hispanic White 0.036 (0014, 0.059) 0.002
Non-Hispanic Black 0.006 (<0035, 0.047) 0.770
Non-Hispanic Asian 0,033 (~0.015,0.080) 0.177

Other Race—Including Mul ~0.096(~0.187, =0.004) 0.051

P for interaction 0310
Intertrochanter BMD Mexican American 0.044 (<0009, 0.098) 0.1058
Other Hispanic ~0.026(~0.070,0.018) 0.251
Non-Hispanic White 0.043 (0012, 0.075) 0.007
Non-Hispanic Black 0022 (~0.035, 0.078) 0.449
Non-Hispanic Asian 0.116 (0,050, 0.182) 0.001

Other Race—Including Mul ~0.070 (<0214, 0.074) 0.353
P for interaction 0.601

Age, gender, BMI, hip circumierence, poverty income rato, smoking status, alcohol status, hypertension status, diabetes status, blood urea nitrogen, blood creatinine, globulin, blood total
protein, uric acid, glycohemoglobin, serum phosphorus, serum calcium, serum iron, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C) were adjusted.





OPS/images/fpubh-12-1403450/fpubh-12-1403450-t005.jpg
Adjust model p (95% Cl), p value

Stratified by age

Total femur BMD <60year 0,017 (~0.009, 0.043) 0.192
260 0.030 (0.011, 0.050) 0.003
P for interaction 0.176

Femur neck BMD <60year ~0.008 (—0.036, 0.019) 0.541
260 0.008 (~0.011, 0.027) 0.402
P for interaction 0587

“Trochanter BMD <60 year 0.031 (0.009, 0.053) 0.007
260 0.016 (~0.002, 0.033) 0.080
P for interaction 0.876

Intertrochanter BMD <60year 0.012(~0.018, 0.043) 0.429
260 0.046 (0.022, 0.071) <0.001
P for interaction 0024

Gender, race, BMI, hip circumierence, poverty income ratio, smoking status,alcohol status, hypertension status, diabetes status, blood urea nitrogen, blood creatinine, globulin, blood total
protein, uric acid, glycohemoglobin, serum phosphorus, serum calcium, serum iron, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C) were adjusted.





OPS/images/fpubh-12-1403450/fpubh-12-1403450-t006.jpg
Adjust model p (95% Cl), p value

Stratified by BMI

Total femur BMD <5 ~0.006 (~0.046,0.034) 0.775
25-299 0017 (~0.008, 0.042) 0.189
230 0.055 (0.032,0.078) <0.001
P for interaction 0.031
Femur neck BMD. <5 —0.031(~0.069, 0.008) 0.117
25-299 —0.006(~0.032,0.019) 0.614
230 00240002, 0.047) 0.036
P for interaction 0137
Trochanter BMD <5 ~0.006 (~0.043,0.031) 0.751
25-299 0.018 (~0.004, 0.039) 0.109
230 0.046 (0.026,0.066) <0.001
P for interaction 0.043
Intertrochanter BMD <5 0.009 (~0.041,0.059) 0.719
25-299 0022 (~0.009,0.054) 0.161
230 0.063 (0.036,0.091) <0.001
P for interaction 0.107

Age, gender, race, hip circumference, poverty income ratio, smoking status, alcohol status, hypertension status, diabetes status, blood urea nitrogen, blood creatinine, globulin, blood total
protein, uric acid, glycohemoglobin, serum phosphorus, serum calcium, serum iron, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C) were adjusted.





OPS/images/fpubh-12-1502564/crossmark.jpg
©

|





OPS/images/fpubh-12-1406303/fpubh-12-1406303-g005.jpg
Outcome

Frailty

Fall

Delirium

Urinary incontinence
Dysphagia

Hearing loss

Visual impairment

SNP (N)
29
31
31
8
19
30
31

Exposure: SB

i

°
~
w

Odds ratio

poa—
Decreased  Increased

N

«

OR (95%CD)

0.94(0.88-1.00)
2.28(1.20-4.30)
1.58(0.81-3.11)
1.00(0.99-1.00)
1.00(0.99-1.01)
1.40(0.63-3.11)
0.99(0.95-1.03)

P-value

0.04
0.01
0.18
0.67
0.04
0.41
0.59





OPS/images/fpubh-12-1406303/fpubh-12-1406303-t001.jpg
Trait
Frailty
Fall

Delirium
Urinary incontinence
Dysphagia

Hearing loss
Visual impairment

AccAve
Overall activity
MPA

B

Sample size
175,226
218,792
218,792
463,010
463,010

330,759
211,769

91,084
91,105
91,105

91,105

Populatio
European
European
European
European
European

European
European

European
European
European

European

No. of SNPs
7,589.717
16,380,466
16,380.466
9,851,867
9,851,867

10,858,770

16,380,453

11,796,201
9,926,106
9,926,106

9,926,106

GWAS ID

ebi-a-GCST90020053

finn-b-FALLS
finn-b-ALCODELIRIUM
ukb-b-11531
ukb-b-7073
ebi-a-GCSTI0012115
finn-b-H7_
BLINDANDVISIMPAIRMENT
ebi-a-GCST006099
/
/

PMID
34431594
’

32986727

29899525
30531941
30531941

30531941





OPS/images/fpubh-12-1407918/crossmark.jpg
©

2

i

|





OPS/images/fpubh-12-1407918/fpubh-12-1407918-g001.jpg
Excluded due to age:
<45:-6,790
>74: - 6,880

Excluded due to
missing data:

BMI: - 5,613

SBP: - 56
Smoking: - 71

Excluded due to being
outliers in height and
weight: 182






OPS/images/fpubh-12-1406303/fpubh-12-1406303-g001.jpg
Assumption 2

Assumption 1 S
osures Outcomes

Physical activity and Sedentary

behavior Geriatrc. Syndromes






OPS/images/fpubh-12-1406303/fpubh-12-1406303-g002.jpg
Outcome

Frailty

Fall

Delirium

Urinary incontinence
Dysphagia

Hearing loss

Visual impairment

SNP (N)
55
52
52
14
40
47
52

Exposure: AccAve

—r T
085 090 095 1.00 105 1.10
Odds ratio

Decressed  Incesessd

OR (95%CI)

0.99(0.98-1.00)
0.99(0.92-1.05)
0.96(0.89-1.03)
1.00(0.99-1.00)
1.00(0.99-1.00)
1.00(0.99-1.00)
0.98(0.91-1.05)

P-value

0.02
0.66
0.25
0.62
0.03
0.69
0.55





OPS/images/fpubh-12-1406303/fpubh-12-1406303-g003.jpg
Outcome

Frailty

Fall

Delirium

Urinary incontinence
Dysphagia

Hearing loss

Visual impairment

SNP (N)
14
14
17
5
14
14
15

Exposure: Overall activity

P

|

Odds ratio

P —
Decreased  Increased

2 3 a 5

OR (95%CD)

0.89(0.81-0.98)
0.88(0.79-0.98)
0.40(0.17-0.95)
1.00(0.99-1.00)
1.00(0.99-1.01)
1.00(0.95-1.06)
1.43(0.50-4.10)

P-value

0.02
0.02
0.04
0.37
0.27
0.91
0.51





OPS/images/fpubh-12-1406303/fpubh-12-1406303-g004.jpg
Exposure: MPA

Outcome SNP (N) . OR (95%CI)  P-value
Frailty 27 : 1.00(0.95-1.06)  0.97
Fall 27 —_—— 1.29(0.56-2.98)  0.54
Delirium 27 A 0.91(0.44-1.89) 0.80
Urinary incontinence 3 ; 1.00(0.99-1.00) 0.05
Dysphagia 11 b 1.00(0.99-1.00)  0.47
Hearing loss 24 i 0.95(0.91-0.99) 0.02
Visual impairment 25 — é 0.33(0.14-0.80) 0.01

|

: 3 4

Odds ratio
T ———

Docressed  Increased





OPS/images/fpubh-12-1412842/fpubh-12-1412842-g004.jpg
Appendicular lean mass Low grip strength ~ Walking pace

Gastroesophageal reflux disease 0.8607 1.1762 0.1946
Esophageal cancer 0.9998 0.8063 0.9997

Gastric cancer 1.1300 0.9290 0.8066

Gastroduodenal ulcer 0.99902 1.0017 0.7125
Colorectal cancer 09124 0.9997 2.8346

Chronic pancreatitis 0.9023 1.3583 0.3524
Pancreatic cancer| 1.0120 1.7706 0.8706
Non-alcoholic fatty liver disease 0.7981 1.2105 0.4552
Liver cirrhosis 0.9409 1.3182 0.3343

Liver cancer| 1.0000 1.0005 0.9993

Significant positive association

Suggestive positive association

Significant inverse association

Suggestive inverse association

No association






OPS/images/fpubh-12-1406303/crossmark.jpg
©

2

i

|





OPS/images/back-cover.jpg
Frontiers in
Public Health

Explores and addresses today’s fast-moving
healthcare challenges

One of the most cited journals in its field, which
promotes discussion around inter-sectoral public
health challenges spanning health promotion to
climate change, transportation, environmental
change and even species diversity.

Discover the latest
Research Topics

Public Health

Frontiers

Avenue do Trbunal-Fédéral 34
1005 Lausane, Switzerland.
frontiersinorg

Contactus

+41(0)21 5101700
frontersin ora/about/contact






OPS/images/fpubh-12-1403450/fpubh-12-1403450-g001.jpg
Total femoral BMD ( g/cm2)

‘Trochanter BMD ( g/cm2)

o om  om o o om

050

o0

o o at -
- -
- a8
§
3.
. o“ SiEa
H
H
g3 sas,
. S
5
e 5= =4
w e PR @ e w1 2w
Cardiometabolic index Cardiometabolic index
o' 5
3 o
5 &
Sl H
H
H
. £ .
5 i
5

Corlicanetibiolic indik

P ...






OPS/images/fpubh-12-1403450/fpubh-12-1403450-t001.jpg
Characteristi Q1: 0.041 Q3: 0.486-0.831 Q4: 0.832-24.483

Age (year) 632491 634283 631487 62582 0.466
Gender (%) <0.001

Male 393 465 47.6 611

Female 607 535 524 389
Race (%) <0.001

Mexican American 23 50 68 67

Other Hispanic 51 72 75 74

Non-Hispanic White 693 693 648 750

Non-Hispanic Black 131 106 87 46

Non-Hispanic Asian 61 55 78 39

Other Race-Including Multi-Racial 42 24 43 23

BMI 259446 2782438 305456 324+63 <0.001

Hip Circumference (cm) 101396 10452110 10892125 1114£140 <0.001

Poverty income ratio 3416 35516 3317 32116 0.046
Alcohol drinking in the past 12months (%) 0.368

Yes 924 89.1 919 913

No 74 109 8.1 87
Smoke 2100 cigarettes inlife 0.001

Yes 4338 56.1 557 450

No 562 39 443 550
Hypertension (%) 0,890

Yes 294 299 318 304

No 706 70.1 652 696
Diabetes (%) <0.001

Yes 43 ns 212 336

No 957 852 788 664
Blood Urea Nitrogen (mmol/L) 578411955 572242040 5.638+1814 632942278 <0.001
Blood Creatinine (mg/dl) 0.878+0.298 091240354 088420221 093940457 0,045
Globulin (g/dL) 291840423 299740438 302520428 3056+0.393 <0.001
Blood Total Protein (g/dl) 69.821£4.708 701224079 704724419 7051224.120 00741
Uric Acid (mg/dl) 48461222 533121352 584741379 602941411 <0.001
Glycohemoglobin (%) 5.575£0.600 5.775+0.677 6.004+1.013 632241292 <0.001
Serum phosphorus (mmol/dl) 1147£0.156 1118£0.171 1129£0.167 111840165 0032
Serum calcium (mmol/l) 23190086 231720084 2326+0.104 23150090 0336
Serum iron (ug/dl) 16.655+6.292 17.57745.807 17.816+6.608 16.358+4.893 <0.001
HDL-C (mmol/L) 18780428 1521£0281 13020240 107640187 <0.001
TC (mmol/L) 491540934 495241002 4848£1.135 508841257 0015
TG (mmol) 0.636£0.178 0.989+0.225 1330+0.288 229341788 <0.001
LDL-C (mmol/L) 2745£0.800 2979+0879 29371019 30211113 <0.001
WHIR 0.560£0.071 059140072 0.630£0.081 0.660+0.086 <0.001
Total femur BMD (g/cm?) 0.8670.145 0.908:+0.156 0.945+0.145 0.987+0.144 <0.001
Femur neck BMD (g/cm2) 0729£0.145 0.75120.145 0.776+0.133 0.80340.130 <0.001
Trochanter BMD (g/em’) 0648£0.118 0.690+0.126 071040122 074740122 <0.001
Intertrochanter BMD (g/cm’) 1032£0.175 1.078:+0.186 1128+0.168 117420175 <0.001
[evii 0.196£0.059 0.38240.056 0.6420.097 147041517 <0.001

Mean 5D for continuous variables: p-value was calculated by weighted linear regression model. (%) or categorical variables: p-value was calculated by weighted chi-square test. CMI: Cardiometabolic index; BMI: body mass index; TC: total cholesterol, TG:
triglyceride; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; WHIR: waist circumference (cm)/height (cm); BMD: bone mineral density.
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Exposure Model 1 p (95% CI), Model 2 p (95% Cl), Model 3  (95% Cl),

p value p value p value
Total femur BMD oMt 0,028 (0020, 0.036) <0.001 0019 (0.012,0.025) <0.001 0,026 (0.010,0.041) 0.0012
cMIQl Reference Reference Reference
oM Q2 0.041(0.021,0.061) <0.001 0.033 (0016, 0.050)<0.001 0,014 (~0.003,0.032) 0.111
M1 Q3 0,077 (0.057, 0.098) <0.001 0,068 (0.050, 0.086) <0.001 0,020 (0.000, 0.040) 0.045
CoMIQ4 0.120 (0.100, 0.140) <0.001 0,092 0.075,0.110) <0.001 0,034 (0.013,0.055) 0001
P for trend <0.001 <0.001 0.002
Femur neck BMD [eYii 0.015 (0.008, 0.022) <0.001 0.009 (0.003,0.016) 0.006 0.001 (~0.014,0.016) 0.904
cMIQl Reference Reference Reference
oMIQ2 0,023 (0.004,0.041) 0.01481 0,019 (0.003,0.035) 0,023 0,002 (=015, 0.019) 0.799
oMIQs 0,047 (0028, 0.067) <0.001 0,044 (0.027,0.061) <0.001 0.003 (~0.016,0.023) 0.742
coMIQ4 0.074(0.056,0.092) <0.001 0,059 (0.042,0.075) <0.001 0.007 (~0.013,0.028) 0493
P for trend <0.001 <0.001 0501
Trochanter BMD [evii 0.023 (0016, 0.029) <0.001 0,015 (0.009,0.021) <0.001 0,022 (0.008, 0.035) 0.002
cMIQl Reference Reference Reference
oM Q2 0,042 (0.026,0.058) <0.001 0.036(0.021,0.051) <0.001 0,026 (0.011,0.041) <0.001
cMIQ3 0,062 (0045, 0.080) <0.001 0,055(0.040,0.071) <0.001 0,020 (0.003, 0.038) 0.022
CcMIQ4 0.100 (0083, 0.116) <0.001 0.078(0.063,0.093) <0.001 0.035(0.017, 0.054) <0.001
P for trend <0.001 <0.001 <0.001
Intertrochanter BMD  CMI 0,034 (0.024,0.043) <0.001 0,022(0.014,0.030) <0.001 0.034(0.015, 0.053) <0.001
cMIQl Reference Reference Reference
oM Q2 0,046 (0.022,0.070) <0.001 0036 (0.016,0.057) 0.001 0.011 (=001, 0.032) 0.325
M1 Q3 0.096 (0.072,0.121) <0.001 0.084 (0.063,0.106) <0.001 0,027 (0002, 0.051) 0.033
oMIQ4 0.142 (0.118,0.165) <0.001 0.109 (0.088, 0.130) <0.001 0,039 (0014, 0.065) 0.003
P for trend <0.001 <0.001 0.002

Model 1: no covariates were adjusted.
Model 2: age, gender and race were adjusted.

Model 3: age, gender, race, BMI, hp circumference, poverty income ratio, smoking status, alcohol status, hypertension status,diabetes satus, blood urea nitrogen, blood creatinine, globulin,
blood total protein, uric acid, glycohemoglobin, serum phosphorus, serum calcium, serum iron, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C) were adjusted.
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Age- Self-reported hypertension present
Doy | Total  <5%(A)  5-9%(4 10-19%(4) 20-29% (%) >30% (%)
45-49 866 (14.9) 449 (51.9) 369 (42.6) 48(5.5) 0 [
50-54 916 (15.7) 119(13.0) 608 (66.4) 188 (20.5) 1(0.1) o
55-59 991(17.0) 3(03) 658 (66.4) 308 (31.1) 22(22) o
60-64 1,119(19.2) o 431(38.5) 657 (58.7) 31(28) o
65-69 1,161 (20.0) o 16 (1.4) 976 (58.7) 168 (14.5) 1(0.1)
70-74 769 (13.2) o 0 439 (57.1) 315 (41.0) 15(2.0)

Allgroups 5,822 (35.9) 571(9.8) 2,082(35.8) 2,616 (44.9) 537(9.2) 16(0.3)

Total

2,052(19.9)
1,870 (18.1)
1,777(17.2)
1,930 (187)
1,599 (15.5)
1,081 (105)

10,309 (64.1)

Self-reported Hypertension absent

<5% (%)
1,056 (51.5)
323(17.3)
9(05)
0
0
0

1,388 (135)

5-9% (%)

933 (45.5)
1,195 (63.9)
1,119 (63.0)
723 (37.5)
38(24)
0

4,008 (38.9)

10-19%
63(3.1)
352(18.8)
635(35.7)
1,813 (61.3)
1,350 (84.4)
558 (51.6)

4,141 (402)

(%)

20-29% (%)

0
0
14(08)
24(1.2)
210 (13.1)
506 (46.8)

754 (7.3)

>30% (%)

0
1(0.1)
17(16)

18(02)





OPS/images/fpubh-12-1407918/fpubh-12-1407918-t004.jpg
Variable Total population, Crude odds p-value Adjusted odds p-value

N (%) ratio (95% Cl) ratio (95% Cl)

Socio-demographic factors

Residence
Rural 33,951 (6.1) Ref Ref
Urban 17,373 (339) 0.91(088-0.94) <0001 088 (0.85-091) <0.001
Education
No schooling 23,681 (46.1) Ref Ref
Less than primary (tll 4) 5841 (114) 1.14(1.08-1.20) <0001 121 (115-1.28) <0.001
Primary completed (5-7) 6,959 (13.6) 0.91 (0.87-0.96) <0.001 0.98 (0.94-1.03) 0513
Middle completed (8-9) 5,136 (10.0) 0.77 (0.72-0.81) <0.001 0.86 (0.82-0.91) <0.001
Secondary school (10-11) 4,658 (9.1) 0.83 (0.79-0.88) <0.001 0.95 (0.89-1.00) 0.068
Higher Secondary 2,255 (4.4) 0.66 (0.61-0.71) <0.001 0.76 (0.70-0.83) <0.001
Diploma and graduate and above 2,794 (5.4) 0.70 (0.65-0.75) <0.001 0.85(0.78-0.92) <0.001

Marital status

Unmarried 651(1.3) 0.82(0.71-0.94) 0.006 0,86 (0.74-0.99) 0.038
Married/ in live -in 40,420 (78) Ref Ref
Widow/ separated/ divorced 10,252 (20.0) 200 (1.92-208) <0.001 1.93 (1.85-2.00) <0.001
MPCE quintile
Poorest 10,286 (20.0) Ref Ref
Poorer 10,460 (20.4) 0.98 (0.93-1.03) 0.462 1.00(0.95-1.05) 0921
Middle 10,372(202) 0.94 (0.89-0.98) 0.010 0,96 (091-1.01) 0.084
Richer 10,264 (20.0) 0.91(0.86-0.96) <0001 0.94(0.89-0.99) 0.014
Richest 9,942(19.4) 0.82(0.78-0.87) <0001 0.86 (0.81-0.90) <0.001

Disease factors
Regular exercise

No 13,208 (25.9) Ref Ref

Yes 38,026 (74.1) 0.67 (0.64-0.69) <0.001 0.68 (0.66-0.71) <0.001
Known diabetes

No 45,262 (88.2) Ref Ref

Yes 6,046 (11.8) 159 (1.52-1.67) <0.001 1.69 (1.60-1.77) <0.001
Known hypercholesterolemia

No 49,804 (97.1) Ref Ref

Yes 1,514 (29) 103 (0.94-1.14) 0.459 1.00 (0.91-1.10) 0.943
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WHIR = waist circumference (cm ) / height (cm)
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Total Total populatiol <5%, N (%) 3 10-<20%, 0%, N (%)
N (%) N (%)
Age group
4549 11861 (23.1) 9,165 (77.3) 2580 (21.8) 116(1.0) 0 0
50-54 9,686 (18.9) 4,655 (48.1) 4471 (46.2) 559 (5.8) 100) 0
55-59 8778 (17.1) 1,544 (17.6) 5,680 (64.7) 1518 (17.3) 36 (0.4) 0
60-64 8785 (17.1) 0 5338 (608) 3,392 (38.6) 55 (0.6) 0
65-69 7476 (14.6) 0 1874 (25.1) 5220(69.8) 380 (5.1) 2(00)
70-74 4738(92) 0 0 3817 (80.6) 889 (18.8) 32(07)
Gender
Female 27,903 (53.9) 10,715 (38.4) 10,927 (39.2) 5889 (21.1) 372(13) 300)
Male 23,418 (46.1) 4,649 (199) 9,016 (38.3) 8733 (37.3) 989 (42) 31(0.0)
Smoking status
Non-Smoker 32,667 (63.7) 13,763 (42.1) 12,436 (38.1) 6.293(19.3) 175 0.5) 0
Smoker 18,657 (36.3) 1,601 (5.6) 7,507 (40.2) 8329 (44.6) 1,186 (6.4) 34(02)
BMiI category
<20 14,906 (29.0) 3957 (26.6) 6125 (41.1) 4413(296) 408(27) 3(00)
20-24 21,025 (41.0) 6,591 (31.4) 7,820 (37.2) 6132(29.2) 47423) 8(00)
2529 11,606 (22.6) 3442(297) 4653 (40.1) 3,105 (26.8) 387(33) 19(02)
30-35 3,137 (6.1) 1,156 (36.9) 1,103 (35.2) 797 (25.4) 77(25) 400)
235 650(13) 218(33.5) 202(37.2) 175 (26.9) 15(23) 0
Systolic blood pressure
<120 18,725 (36.5) 9,348 (49.9) 6810 (36.4) 2567 (13.7) 0 0
120-139 20,112(39.2) 5,285 (26.3) 8678 (43.2) 6073 (30.2) 76 (0.4) 0
140-159 9,139 (17.8) 731 (80) 3630 (39.7) 4176 (45.7) 602(66) 0
160-179 3,160 (6.2) 0 803 (25.4) 1,718 (54.4) 620 (19.6) 19.06)
> 180 188 (0.4) 0 2(117) 88 (46.8) 63 (33.5) 15(80)
Residence
Utban 17,373 (33.9) 5474 (31.5) 6657 (38.3) 4829(27.8) 403 (2.3) 10(0.1)
Rural 33951 (6.1) 9,890 (29.1) 13,286 (39.1) 9,793 (28.8) 958 (28) 24(0.1)
Education
No schooling 23,681 (46.1) 6573 (27.8) 9,437 (39.9) 7,006 (29.6) 630 (27) 1500
Less than primary (tll 4) 5841 (11.4) 1,505 (25.8) 2240 (38.4) 1,904 (32.6) 186 (3.2) 6(0.1)
Primary completed (5-7) 6,959 (13.6) 2,112 (30.4) 2,700 (38.8) 1,950 (28.0) 193 (28) 40)
Middle completed (8-9) 5136 (10.0) 1741 (33.9) 2,003 (39.0) 1277 (24.9) 10 21) 50.0)
Secondary school (10-11) 4658 (9.1) 1,530 (32.9) 1,748 (37.5) 1,248 (26.8) 128 (28) 401)
Higher secondary 2,255 (4.4) 870 (38.6) 807 (35.8) 530 (23.5) 48(2.1) 0
Diploma or graduate and above 2794(5.4) 1,033 (37.0) 1,008 (36.1) 707 (25.3) 46(17) 0
Marital status
Unmarried 651(13) 242(37.2) 250 (38.4) 148 (22.7) 17 0
Married! in live -in 40,420 (78.) 13,146 (32.5) 15,905 (39.4) 10,438 (25.8) 907 (22) 24(0.0)
Widow/ separated! divorced 10,252 (200) 1,976 (19.3) 3,787 (36.9) 4036 (39.4) 443 (43) 10(0.1)
MPCE quintile
Poorest 10,286 (20.0) 2,904 (28.2) 4029 (39.2) 3,048 (29.6) 301 29) 4(0.0)
Poorer 10,460 (20.4) 2956 (28.3) 4170 (39.9) 3,038 (29.0) 292(28) 4(0.0)
Middle 10372 (202) 3,136 (30.2) 3930 (37.9) 3027 (292) 272(26) 70
Richer 10,264 (20.0) 3135 (30.5) 3963 (38.6) 2879 (28.1) 27426) 13(0.1)
Richest 9,942 (194) 3233 (325) 3,851 (38.7) 2630(26.5) 22(22) 60.0)
Regular exercise
No 13,298 (25.9) 3264 24.6) 4933 (37.1) 4600 (34.6) 484(36) 17(0.1)
Yes 38,026 (74.1) 12,100 (31.8) 15,010 (39.5) 10,022 (26.4) 877(23) 17(00)
Known diabetes
No 45,262 (88.2) 14092 (3L1) 17,567 (38.8) 12427 (27.5) 1,147 25) 29(0.0)
Yes 6,046 (11.8) 1,267 (21.0) 2369 (39.2) 2,191 (36.2) 21435) 501)
Known hypercholesterolemia
No 49,804 (97.1) 14,933 (30.0) 19,326 (38.8) 14,193 (28.5) 131927) 33(0.0)
Yes 1,514(29) 430(28.4) 613 (40.5) 428(28.3) 4228 100

Total 51,324 15,364 (29.8) 19943 (38.9) 14,622 (28.5) 1361 (27) 34(0.1)
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Age-
group
(years)

45-49
50-54
55-59
60-64
65-69
70-74

All groups

1,287 (17.2)
1,288 (17.2)
1301 (17.4)
1,404 (188)
1,330 (17.8)
869 (11.6)

7,479 (21.2)

Self-reported hypertension present

<5% (%)
1,114 (86.6)
897 (69.6)
296 (22.8)

0

0

0

2,307 (30.9)

5-9% (%)

173 (13.4)
387 (30.0)
885 (68.3)
1,070 (76.2)
474 (350.6)
0

2,992 (40.0)

10-19% (%)

0
4(03)
117 (9.0)
334 (23.8)
854 (64.2)
840 (96.7)

2,149 (28.7)

20-29% (%)

0
2(02)
29(33)

31(0.4)

>30% (%

Total

7,651 (27.6)
5,611(203)
4,707 (17.0)
4,328 (15.6)
3,385 (122)
2018(7.3)

27,700 (78.8)

Self-reported hypertension absent

% (%)
6,543 (85.5)
3,316 (59.1)
1,235 (26.6)

0
0
0

11,094 (40.1)

5-9% (%)

1,103 (14.4)

2,280 (400.6)

3,015 (64.1)

3,111(719)

1,346 (39.8)
0

10,855 (39.2)

10-19% (%)

5(0.1)
15(0.3)
457(9.7)
2,039 (60.2)
2,039 (6.2)
1979 (98.1)

5712 (20.6)

20-29% (%)

0

0
39(19)
39(0.1)

>30% (%)
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Variables UTA “+" UTA The entire

(n=354) “—"(n study group
= 277)

Time to engage in physical activity [minutes]

Median 30 0 25
Lower quartile 10 0 0
Upper quartile 60 30 60

Number of points obtained in “My Eating
Habits” questionnaire

Median 10 10 10
Lower quartile 7 7 7
Upper quartile 13 12 13
Analysis of differences in the: P-value
Duration of physical activity <0.001
Number of points obtained in the “My Eating 023

Habits” questionnaire

Data are presented as absolute and relative frequencies or median and interquartile range.
UTA “+”—seniors participating in classes at Universities of the Third Age, UTA “~"—seniors
refusing to attend classes at Universities of the Third Age, p-value—statistical significance.
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Variables UTA “+" (n =

n

Currently tobacco smoking

Yes 30 8.47 27 9.75 0.580

No 324 91.53 250 90.25

Tobacco Smoking in the past

Yes 133 37.57 76 27.44 0.007

No 221 62.43 201 72.56

Passive tobacco smoking

Yes 54 1525 56 20.21 0.103
No 300 84.75 221 79.78

Alcohol consumption

Atall 121 34.18 131 47.29 <0.001
Every day 8 226 21 7.58

2-3xa week 32 9.04 19 6.86

Once a month 88 24.86 44 15.88

Several times a month 27 7.63 19 6.86

Several times a year 78 22,03 43 1552

Data are presented as absolute and relative frequencies or median and interquartile range, UTA “+"—seniors participating in classes at Universities of the Third Age, UTA “~"—seniors refusing

toattend classes at Universities of the Third Age, p-value—statistical significance.
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exposure
all(nSNP=17)

gluten(nSNP=11)

nowheat(nSNP=50)

method OR (95% CI)

MR Egger —————————— 0.976(0.129-7.346)
Inverse variance weighted (multiplicative random effects) 0.801(0.508-1.263)
Inverse variance weighted (fixed effects) 0.801(0.685-0.937)
Simple median 0.904(0.674-1.212)
Weighted median 0.915(0.684-1.225)
MR PRESSO (nSNP=11) 0.848(0.655-1.098)

MR Egger - 1.437(0.026-77.941)
Inverse variance weighted (multiplicative random effects) ——————  0.562(0.202-1.566)
Inverse variance weighted (fixed effects) -— 0.562(0.426-0.742)
Simple median - 0.882(0.526-1.477)

Weighted median
MR PRESSO (nSNP=7)

1.194(0.780-1.827)
0.768(0.521-1.132)

MR Egger 0.957(0.421-2.172)
Inverse variance weighted (multiplicative random effects) 0.683(0.423-1.101)
Inverse variance weighted (fixed effects) —-— 0.683(0.523-0.891)
Simple median —d 0.582(0.341-0.994)
Weighted median —_ 0.985(0.655-1.481)
MR PRESSO (nSNP=45) — 0.740(0.518-1.059)

pval

0982
0341
0,006
0503
0554
0213

063
0271
<0001
0634
0413
0.184

0917
o118
0005
0048
0945
0100
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Variables

Sex

Male 156 24.72
Female 475 75.28
Age [years]

60-70 373 59.11
71-80 220 34.87
>81 39 6.18
Level of education

Primary 37 5.86
Vocational 120 19.02
Secondary 292 46.28
Higher 182 28.55

Place of residence

City 436 69.10

Village 195 31.90

Attending classes at Universities of the Third Age

Yes 354 56.10
No 277 43.90
Marital status

Single 26 4.12
Married 355 56.26
‘Widow/widower 224 35.50
Informal relationship 26 4.12
Residence

Alone 206 32.65
‘With spouse 306 48.49
‘With family 109 17.27
In a nursing home 2 0.32
‘With a partner 8 1.27

Material situation

Good 164 25.99
Average 313 49.60
Below average 126 19.97
Bad 23 3.65
Neither good, nor bad 5 0.79

Data are presented as absolute frequencies.
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Variables UTA “+" (n = 354)

%

Spending free time

Active (e.g., walking, swimming) 261 7373 125 45.13 <0.001
Passively (e.g., armchair/sofa) 93 26.27 152 54.87

Regular physical activity

Yes 270 76.27 133 48.01 <0.001
No 84 23.73 144 51.99

Self-assessment of physical activity

Tam a physically active senior 259 73.16 173 62.45 0.004

Tam not a physically active senior 95 2684 104 37.55

Data are presented as absolute frequencies, UTA “+”—seniors participating in classes at Universities of the Third Age, UTA “~"—seniors refusing to attend classes at Universities of the Third
Age, P-value—statistical significance.
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Variables UTA“+" (n = A“="(n=171)

n %

Regular gynecological control

Yes 191 62.83 93 54.39 0.07

No 113 37.17 78 45.61

Regular cytological tests

Yes 178 58.55 89 52.05 0.17

No 126 4145 82 47.95

Regular mammograms

Yes 217 71.38 108 59.65 0.06

No 87 28.62 63 36.84

Data are presented as absolute and relative frequencies, UTA “+”—seniors participating in the activities of the Universities of the Third Age, UTA “~"—seniors refusing to participate in the

activities of the Universities of the Third Age, p-value—statistical significance.
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Variables SE Wald's x OR (95% Cl)

Spending free time

Sex —0.492 0.204 5.801 0.016 0.611 (0.409-0.913)
Age 0.055 0.015 14.353 <0.001 1.057 (1.027-1.088)
Place of residence —0.429 0.240 3.189 0.074 0.651 (0.406-1.0437)
Attendance for UTA’s classes 1.382 0.229 36.297 <0.001 3.982(2.538-6.248)

Model x? = 76.556; p < 0.001. Model fit measure (—2log): for this model = 765.437, constant term = 841.993.

Regular physical activity

Sex —0.076 0.208 0.134 0.714 0.926 (0.615-1.395)
Age 0.063 0.015 18.520 <0.001 1.066 (1.035-1.097)
Place of residence 0.050 0.234 0.045 0.832 1.051 (0.664-1.665)
Attendance for UTAS classes 1.205 0.228 28.058 <0.001 3.337(2.135-5.217)

Model x2 = 73.192; p < 0.001. Model fit measure (—2log): for this model = 751.486, constant term = 824.678.

Self-assessment of physical activity

Sex 0.130 0.212 0.380 0.538 1.139 (0.752-1.726)
Age 0.023 0.014 2.508 0.113 1.023 (0.995-1.053)
Place of residence —0.597 0.241 6.114 0.013 0.551 (0.343-0.884)
Attendance for UTAS classes 0.867 0.226 14.759 <0.01 2.380 (1.528-3.706)

Model x* = 17.432, p = 0.002. Model fit measure (—2log): for this model = 768.454, constant term = 785.887.

Tobacco smoking in the past

Sex —0.679 0.209 10.597 0.001 0.507 (0.337-0.764)
Age —0.033 0.015 4.823 0.028 0.968 (0.940-0.997)
Place of residence —0.483 0.253 3.633 0.057 0.617 (0.375-1.015)
Attendance for UTA’ classes —0.339 0231 2.149 0.143 0.713 (0.453-1.122)

Model x* = 24.409 p < 0.001. Model fit measure (-2log): for this model = 774.798, constant term = 799.207.

Alcohol consumption

Sex —0.757 0212 12.767 <0.001 0.469 (0.309-0.711)
Age —0.034 0.014 5.999 0.014 0.966 (0.940-0.993)
Place of residence 0.089 0233 0.148 0.701 1.094 (0.693-1.726)
Attendance for UTA’ classes —0.789 0221 12.755 <0.001 0.454 (0.295-0.701)

Model x? = 30.660; p < 0.001. Model fit measure (—2log): for this model = 816.517, constant term = 847.177.

Regular annual dental controls

Sex —0.261 0212 1.501 0221 0.771 (0.507-1.170)
Age —0.051 0.014 12.466 <0.001 0.950 (0.923-0.978)
Place of residence —0.051 0.236 0.047 0.828 0.950 (0.598-1.509)
Attendance for UTAS classes —0.783 0227 11.898 <0.001 0.457 (0.293-0.714)

Model x? = 33.320; p < 0.001. Model fit measure (—2log): for this model = 761.577, constant term = 794.897.

Regular self-examination of breasts/testicles

Sex —1.191 0.203 34.243 <0.001 0.304 (0.204-0.453)
Age 0.067 0.015 21.402 <0.001 1.070 (1.039-1.101)
Place of residence 0.068 0.189 0.131 0.717 1.071 (0.738-1.553)
Attendance for UTA’s classes <0.001 0.011 <0.001 0.994 1.000 (0.978-1.022)

Model x? = 64.266; p < 0.001. Model fit measure (—2log): for this model = 792.512, constant term = 856.778.

Regular laboratory tests controls

Sex —0.846 0.262 10416 0.001 0.429 (0.257-0.718)
Age —0.007 0.020 0.120 0.729 0.993 (0.954-1.034)
Place of residence 0.604 0.333 3.296 0.069 1.829 (0.952-3.514)
Attendance for UTA' classes —0.082 0.338 0.059 0.808 0.921 (0.475-1.788)

Model x* = 20.183; p < 0.001. Model fit measure (—2log): for this model = 463.231, constant term = 483.414.
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ariable B a o
Coefficient 149.757 19.173 7.811 <0.001
Sex —8.188 3.690 =2.219 0.027
Age —1213 0.256 —4.739 <0.001
Place of residence —8.010 4,328 —1.851 0,064
Attendance for UTA’s classes —11.104 4,045 —2.745 <0.01

R=0277.

R-squared = 0.077.
Adjusted R-squared = 0.071.
F=12929.

P<0.001.

Estimation error = 38.078.
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Variables

UTA“+" (n =
n

A“="(n=277)

3

Regular controls by family doctor

Yes 314 88.70 241 87.00 052
No 40 11.30 36 13.00
Regular annual dental controls
Yes 265 74,86 161 58,12 <0.001
No 89 25,14 116 41,88
Regular self-examination of breasts/testicles
Yes 218 61.58 148 53.43 0.04
No 136 38.42 129 46.57
Regular laboratory tests controls
Yes 318 89.83 232 83.75 0.02
No 36 1017 45 16.25

Data are presented as absolute and relative frequencies, UTA “+—seniors participating in the activities of the Universities of the Third Age, UTA “~"—seniors refusing to participate in the

activities of the Universities of the Third Age, p-value—statistical significance.





