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Background: It has been demonstrated that receptive cultural engagement, such as visits to theaters and museums, can reduce depression in older adults. However, the association between hobby engagement and lower rates of depressive symptoms (DS) remains unclear. The objective of this study was to investigate the potential relationship between hobby engagement and depressive symptoms.

Methods: The data for this prospective cross-sectional study were collected from participants in the China Longitudinal Study of Health and Retirement (CHARLS) wave 2020. To assess DS, a score of 10 or more on the Center for Epidemiological Studies Depression Scale was used to indicate depression. Hobby engagement was gaged by trained staff through the administration of a battery of standardized questions. Logistic regression and inverse probability of treatment weighting (IPTW) using the propensity score analyses were employed to investigate the relationship between hobby engagement and DS.

Results: A total of 16,057 participants were included, with a mean age of 62.4 ± 9.2 years. Of these, 7,699 were male and 8,358 were female. The proportion of individuals exhibiting depressive symptoms was 31.57% (1,286 out of 4,073) among those with hobby engagement, while it was 39.67% (4,754 out of 11,984) among those without hobby engagement. After adjusting for covariates, the odds ratio was 0.89 (95% CI: 0.82–0.97, p = 0.0109). Propensity-score analyses also supported these findings, with the odds ratio being 0.91 (95% CI: 0.84–0.99, p = 0.0204). The finding was consistent with multiple sensitivity analyses.

Conclusion: Our study found hobby engagement was associated with a reduced risk of depressive symptoms in Chinese middle-aged and older adults. Our findings need to be confirmed in future studies.
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Introduction

Population aging is a growing global concern. As the population ages, the number of lonely adults aged 50 years and older worldwide is projected to increase from 104.9 million in 1990 to 333.5 million in 2050 (1). A study has indicated that by 2030, the number of older adult people in China aged 60 and above will reach 360 million, representing 16% of the total population (2).

Among middle-aged and older adults, depression is a prevalent mental health issue (3). A number of studies have indicated that the prevalence of depression is higher in the older adult population. This may be related to a number of factors, including the life stressors that they face, social isolation, and concerns about future care needs (3, 4). It is crucial to acknowledge that although depression is more prevalent in older individuals, this does not imply that all older adults experience depression. Indeed, the majority of older adults continue to exhibit a positive outlook on life and experience lower levels of emotional distress (5). Consequently, the reducation or prevention of depression in the older adult is a significant objective (6). There is a growing global focus on depression and coping strategies in older adults, with a particular emphasis on psychosocial activities (7). In this context, numerous countries, including the United Kingdom, Japan, and the United States, have been advocating for the promotion of hobbies and leisure activities as part of policies and recommendations designed to support and enhance mental health. These initiatives have placed a particular emphasis on increasing engagement among older individuals.

A recent study examined the longitudinal association between engagement in hobbies and multidimensional aspects of mental health in 16 countries. Hobbies defined as activities that people engage in during their leisure time for pleasure, such as the arts, crafts, reading, playing games, sports, gardening, volunteering and participating in societies/clubs (8). A study of individuals over the age of 60 revealed considerable variation in the level of participation in hobbies across countries. A meta-analysis of the findings indicated that engaging in a hobby was associated with a reducation in depressive symptoms (8).

The relationship between hobbies and depression is influenced by a number of factors. For instance, a study revealed that the co-occurrence of depression and anxiety was 29.7% in the older population, with women exhibiting a higher prevalence of these disorders than men (9). Furthermore, research has demonstrated that depression among the older adult is not solely attributable to physical health conditions, but also to psychosocial factors such as the death of a spouse, retirement, social isolation, and reduced income (10). A substantial body of evidence from empirical studies indicates that physical activity and nutrition have a pronounced impact on cognitive health and quality of life in older adults. Zhang et al. highlighted the efficacy of appropriate physical activity and nutritional intake in enhancing cognitive ability and quality of life in the older adult, underscoring the significance of lifestyle intervention in geriatric health management (11). Furthermore, Faraziani et al. delved into the potential of exercise-based health management systems in bolstering cognitive ability and postponing cognitive decline in older adults, emphasizing the necessity and efficacy of tailored exercise interventions (12).

Furthermore, the relationship between hobbies and depression remains a topic of contention. Firstly, research has demonstrated that engagement in specific activities, such as music and art, can result in a reducation in depressive symptoms (13). Nevertheless, the aforementioned positive effect does not imply that all forms of hobbies yield identical positive outcomes. For instance, research has indicated that enthusiastic involvement with music may result in the experience of negative emotions (14). This indicates that not all types of hobbies are conducive to positive mental states.

In conclusion, the relationship between hobbies and depression is complex and the subject of considerable debate, with a number of confounding factors influencing the outcome. Based on the above uncertainty, we conducted a prospective cross-sectional study in 450 Chinese communities based on the China Health and Retirement Longitudinal Study (CHARLS) to examine the association between hobby engagement and depressive symptoms in Chinese middle-aged and older adults.



Methods


Study design and population

The data for this study were based on the fourth wave of the China Health and Retirement Longitudinal Study (CHARLS) conducted by Peking University in 2020. The project was a nationwide questionnaire survey conducted in 150 counties among 28 provinces (autonomous regions and municipalities) in China (15), established by the National Development Research Institute of Peking University. Briefly, participants were included in the baseline survey between June 2011 and March 2012 of middle-aged and older adults who were randomly selected using a probability proportional to size sampling strategy. CHARLS carried out four national follow-up surveys in 2013, 2015, 2018, and 2020. The 2020 wave of CHARLS data is the most recent data available. The questionnaires and physical examinations were carried out on 19,395 participants in 2020. The CHARLS has been approved by the Ethics Committee of Peking University Health Science Center. The Biomedical Ethics Review Board of Peking University approved the CHARLS study (IRB00001052-11015), and all participants provided written informed consent (15). Data from this study and related information can be downloaded from the CHARLS project website.1

For the present study, the following exclusion criteria were applied: (1) aged <45 years old at wave 5 (n = 128), (2) participants with missing information on hobby (n = 44), (3) participants with missing information on depressive symptoms (n = 3,166). A total of 16,057 individuals meeting these criteria were enrolled in the final cohort (Figure 1). The current study follows the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guidelines for cohort studies.
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FIGURE 1
 Flowchart of participant selection. *Subjects selected after each step.




Study variables


Assessment of hobby

Hobby is the independent variable of this study as described in another study based on CHARLS (8). As previously reported, trained staff asked participants the following standardized questions: ‘Which of the social activities listed on this card—if any—have you done in the past month?’ 1. Played ma-jong, played chess, played cards or went to a community club. 2. Went to a sport, social or other kind of club. 3. Took part in a community-related organization. 4. Did voluntary or charity work. 5. Attended an educational or training course. 0. None of these [1 = any of the activities; 0 = none]. We created a binary indicator of hobby engagement (yes, no) based on the questionnaire.



Assessment of depressive symptoms

The outcome of the study was depressive symptoms. In the CHARLS, depressive symptoms were assessed using the 10-item Center for Epidemiological Studies Depression Scale (CESD-10) (16). The validity of CESD-10 has been thoroughly demonstrated in the Chinese population (Cronbach α = 0.78) (17, 18). Survey respondents were asked about the number of days of relevant experience in the past week. Each item was rated on a four-point Likert scale: 0 (rarely or none of the time; < 1 day), 1 (some of the time; 1–2 days), 2 (much or a moderate amount of the time; 3–4 days), or 3 (most or all of the time; 5–7 days). This study assigned 0–3 to these four options, with a total depressive symptoms score ranging from 0 to 30, with higher scores indicating higher levels of depressive symptoms. The cut-off points of 10 used in CESD-10 have been validated in numerous studies of the older adults in China (19–21). Thus, we used a total score of ≥10 was defined as depressive symptoms.




Other covariates

Based on the well-designed questionnaire, the CHARLS-trained interviewers collected information on demographic background, health status, and biomarkers. Covariates were selected on the basis of findings from previous studies and clinical expertise (22, 23). The variables included in this study were age, sex, smoking status (never, current and ever), drinking status (never, current and ever), educational attainment (primary and below primary school, middle school, and high school and above), area of residence (urban and rural), and marital status (married and other), which were collected from each participant in a face-to-face interview as previously described (15). Standing height was measured by a standardized stadiometer (Seca™213, Seca Co., Ltd., Hangzhou, China) and the weight was assessed by a validated scale (Omron™ HN-286 scale, Krill Technology Co., Ltd., Yangzhou, China). BMI was calculated as weight (kg) divided by the square of height (m2). Chronic diseases included hypertension, diabetes mellitus (DM) or high blood sugar. Hypertension was defined as SBP ≥140 mmHg and/or DBP ≥90 mmHg or being on antihypertensive therapy. DM was defined as FPG ≥7.0 mmol/L or a history of physician-diagnosed DM.



Statistical analysis

Statistical analyses were conducted using the EmpowerStats (X&Y solutions, Inc. Boston MA)2 and R software version 3.6.1.3 The two-sided alpha level was set at 0.05. Continuous variables were presented using either the mean ± standard deviation (SD; for normally distributed data) or median interquartile ranges (IQR; for skewed distribution). Categorical data are presented as counts with percentages.

The differences between hobby engagement groups was compared using T test (for normally distributed data), the Kruskal–Wallis H test (for skewed data) for continuous data and chi-squared tests for categorical variables.

Logistic regression model analyses were used. The results are presented as odds ratio (OR) with its 95% confidence intervals (95% CIs). Covariates were selected according to their clinical significance, including demographic characteristics, comorbidities, and general data for the following covariates: age, sex, marital status, education, self-reported health, hypertension, diabetes mellitus, heart disease, stroke, arthritis, dyslipidemia, hepatic disease, sleep duration, residence, and annual income.

To address the potential confounding effect, a propensity score (PS) approach was applied. Optimal full matching was performed using the R Matchit package, with the distance metric defined as the PS calculated from the generalized additive model. To estimate the treatment effect following full matching, the generalized additive model with logit as link function was employed. The way standard errors and confidence intervals were estimated using cluster-robust standard errors with pair membership as the cluster, R vcovCL() in sandwich package was used.

Sensitivity analysis was utilized to test the robustness of our findings. (1) Inverse probability of treatment weighting (IPTW) using the propensity score analyses were employed to investigate the relationship between hobby engagement and DS. Within the IPTW analysis, the predicted probabilities derived from the propensity score model were utilized to calculate the IPTW (24). (2) To examine the robustness of our results, stratified analyses of all covariates were performed. (3) Dummy variables were used to indicate missing covariate values. (4) The E-value was calculated to assess the possibility of unmeasured confounders between green space and stroke risk (25). The E-value quantifies the amount of unmeasured confounding that is required to eliminate the observed association between hobby engagement and DS. (5) Previous studies have shown a significant association between hypertension and depression (26). Participants without hypertension (n = 9,819) were analyzed.




Results


Characteristics of the participants

A total of 16,057 individuals with a mean age of 62.4 ± 9.2 years were included in the study. Table 1 presents the characteristics and depressive symptoms of participants in the China Health and Retirement Longitudinal Study 2020, stratified by hobby engagement. The table includes key variables such as age, sex, residence, marital status, education, annual income, self-reported health status, and various health conditions. Participants engaged in hobbies had a lower mean age (61.45 years) compared to those not engaged (62.78 years). A higher percentage of participants in the hobby engagement group reported good self-reported health status (27.96%) compared to the non-engagement group (24.35%). Furthermore, the prevalence of depressive symptoms was lower in the hobby engagement group (31.57%) compared to the non-engagement group (39.67%), with both results being statistically significant (p < 0.05). Furthermore, the table reveals significant discrepancies in variables such as age, sex, place of residence, marital status, level of education, annual income, self-reported health status, hypertension, diabetes mellitus, heart disease, stroke, arthritis, dyslipidemia, hepatic disease, duration of sleep, and depressive symptoms between the two groups (all p < 0.05). These findings indicate that the above variables were associated with depression, and thus were adjusted in the subsequent analysis.



TABLE 1 Characteristics and depressive symptoms according to hobby engagement (China Health and Retirement Longitudinal Study 2020).
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Factors influencing the risk of depressive symptoms analyzed by logistics regression

Table 2 presents the associations between various variables and depressive symptoms among participants in the China Health and Retirement Longitudinal Study 2020. The table displays the odds ratios (OR) and 95% confidence intervals (CI) for each exposure variable in relation to depressive symptoms. Those who engaged in hobbies were found to have a lower odds of depressive symptoms, with an OR of 0.70 (95% CI: 0.65, 0.76). This demonstrated a statistically significant association between hobbies and a 30% reducation in depressive symptoms. In contrast, age was positively associated with depressive symptoms, with an OR of 1.02 (95% CI: 1.01, 1.02). Furthermore, variables such as sex, marital status, education, self-reported health status, hypertension, diabetes mellitus, heart disease, stroke, arthritis, dyslipidemia, hepatic disease, sleep duration, residence, and annual income demonstrated significant associations with depressive symptoms.



TABLE 2 Associations between variables and depressive symptoms.
[image: Table2]



The association between hobby engagement and depressive symptoms

Table 3 presents the associations between hobby engagement and depressive symptoms using different analytical approaches: crude Analysis, multivariable Analysis, and propensity-score analyses. In the crude analysis, hobby engagement was associated with a significantly lower odds of depressive symptoms, with an odds ratio (OR) of 0.70 (95% CI: 0.65, 0.76, p < 0.0001). In the multivariable analysis, after adjusting for all covariates, the OR was 0.89 (95% CI: 0.82, 0.97, p = 0.0109). When adjusting for the propensity score (PS), the OR was 0.91 (95% CI: 0.84, 0.99, p = 0.0204), and with PS (smooth), the OR remained 0.91 (95% CI: 0.84, 0.99, p = 0.0206).



TABLE 3 Associations between hobby engagement and depressive symptoms in the crude analysis, multivariable analysis, and propensity-score analyses.
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Stratified analysis for the association between hobby engagement and depressive symptoms

Figure 2 presents the results of the stratified analysis examining the effect of hobby engagement on depressive symptoms across different covariates. The odds ratios (ORs) for depressive symptoms associated with hobby engagement were 0.83 (95% CI: 0.72, 0.95, p = 0.0055) for the low age group, 0.70 (95% CI: 0.61, 0.79, p < 0.0001) for the middle age group, and 0.64 (95% CI: 0.55, 0.73, p < 0.0001) for the high age group. The ORs for depressive symptoms were 0.65 (95% CI: 0.59, 0.72, p < 0.0001) for females and 0.80 (95% CI: 0.71, 0.89, p < 0.0001) for males. Other stratified covariates such as marital status, education, self-reported health, hypertension, diabetes mellitus, heart disease, stroke, arthritis, dyslipidemia, hepatic disease, sleep duration, residence, and annual income also showed significant associations between hobby engagement and depressive symptoms (Figure 2).

[image: Figure 2]

FIGURE 2
 Stratified associations between hobby engagement and depressive symptoms CI, confidence interval; HR, hazard ratio.




Sensitive analysis

The sensitivity analysis yielded results consistent with those of the main analysis. Firstly, Table 3 demonstrates consistent associations between hobby engagement and depressive symptoms across various analyses. Using IPTW analyses, the average treatment effect for the treated (ATT) was 0.91 (95% CI: 0.84, 0.98, p = 0.0131), the average treatment effect for the control (ATC) was 0.92 (95% CI: 0.85, 1.00, p = 0.0574), and the average treatment effect for all (ATE) was 0.92 (95% CI: 0.85, 1.00, p = 0.0382). The results from crude, multivariable, and propensity-score analyses consistently show that hobby engagement is linked to lower odds of depressive symptoms. These results consistently indicate that is associated with a reduced risk of depressive symptoms across various analytical methods, highlighting the robustness of the observed association. Secondly, the direction of the effect size in each stratum is consistent in Figure 2, indicating that the association between hobby engagement and depressive symptoms is stable. Furthermore, we generated an E-value to assess the sensitivity to unmeasured confounding. The primary findings were robust, unless there was an unmeasured confounder with an OR greater than 1.31. Sensitivity analysis was performed in people with hypertension (n = 9,819), and the results were consistent with the core results, as shown in the Supplementary material.




Discussion

This cross-sectional study found that hobby engagement was associated with a reduced risk of depressive symptoms in a large sample of middle-aged and older Chinese adults. The major finding was that after adjusting for covariates, the odds ratio was 0.89 (95% CI: 0.82–0.97). Propensity-score analyses also supported these findings, with the odds ratio being 0.91 (95% CI: 0.84–0.99, p = 0.0204). To the best of our knowledge, this is the first study to use the propensity score analyses to investigate the relationship between hobby engagement and DS in among Chinese middle-aged and older adults. However, further studies are required to confirm these findings.

Multiple studies have emphasized the significant impact of engaging in various leisure activities and artistic pursuits on alleviating depressive symptoms in the older adult. Older individuals often face limitations in participating in social activities due to declining physical abilities, leading to increased feelings of loneliness and isolation, which are closely linked to depression and cognitive issues (27). Our study shares certain similarities with previous research on the factors associated with depressive symptoms in the older adult, while also contributing new insights. Both studies focus on individuals aged 50 years and above. Our study investigates middle-aged and older Chinese adults, whereas the previous study targets older adult populations in South Africa. Both studies employ a cross-sectional design, enabling the examination of associations at a specific point in time. Additionally, both studies assess depressive symptoms as a primary outcome, although they utilize different definitions and measurements. Furthermore, both studies emphasize the significance of social engagement and activities in the prevention of depressive symptoms among older adults, underscoring the necessity for further research in their respective contexts. Nevertheless, there were notable discrepancies in the exposure variables. The objective of our study was to investigate the relationship between engagement in leisure activities and the occurrence of depressive symptoms. After adjusting for potential confounding variables, our findings indicated an odds ratio of 0.89. In contrast, previous research examining difficulties with social participation reported higher rates of depression in individuals who encountered these challenges (OR = 1.639) (27). Furthermore, our study employed propensity score analysis to substantiate its findings, reporting an odds ratio of 0.91. In contrast, previous studies have relied on multivariate analyses to demonstrate that depression is associated with an increased likelihood of difficulty in social participation. The disparate outcomes may be attributed to the fact that the studies were conducted in disparate cultural contexts, which may exert an influence on the factors associated with depression and the role of social engagement and hobbies in their respective societies. In conclusion, while both studies address key issues of depression in older adults and highlight the role of social engagement, they differ in terms of specific exposure factors, statistical methods, and contextual effects.

Research has shown that social participation plays a crucial role in combating depression among the older adult, especially during challenging times such as the COVID-19 pandemic, where psychosocial support and engagement in daily activities are essential for mental well-being (28). Moreover, studies have delved into the specific types of social participation and their effects on depression in the older adult, emphasizing the need to promote social engagement to reduce depressive symptoms effectively (29). Our study assessed hobby engagement through a questionnaire, capturing social activities in the past month. A binary indicator (yes or no) was created based on the responses. Activities included playing ma-jong, chess, or cards, attending a community club, participating in sports or social clubs, engaging in community-related organizations, doing voluntary or charity work, and attending educational or training courses. Our study found that hobby engagement was associated with a reduced risk of depressive symptoms in a large sample of middle-aged and older Chinese adults, which is consistent with previous research.

Furthermore, the prevalence of depressive symptoms among the older adult has been linked to factors such as social activities, with research indicating variations based on gender and urban versus rural settings, highlighting the need for tailored interventions to address specific demographic needs (22). The results demonstrated that the OR of the relationship between hobby engagement and depression in middle-aged and older men was 0.65 (95% CI: 0.59, 0.72). In middle-aged and older adult women, the OR value of the relationship between hobbies and depression was 0.88 (95% CI: 0.71, 0.89), indicating that the direction of effect was the same in both men and women. This suggests that hobby engagement was associated with a lower incidence of depression. The OR values for the urban and rural areas were 0.72 and 0.79, respectively. It should be noted that the present study does not address gender or residence differences as a research hypothesis. This topic could be the subject of further investigation.

Studies have also examined the impact of chronic illness, living arrangements, and ethnic backgrounds on depression among the older adult. For instance, research has shown that frail older adult individuals are at a higher risk of experiencing depression, emphasizing the importance of physical activity and exercise therapy in managing depressive symptoms and enhancing quality of life (30). In our study covariates were selected according to their clinical significance, including demographic characteristics, comorbidities, and general data for the following covariates: age, sex, marital status, education, self-reported health, hypertension, diabetes mellitus, heart disease, stroke, arthritis, dyslipidemia, hepatic disease, sleep duration, residence, and annual income. A variety of statistical methods are adopted to obtain the independent role of hobby engagement and depressive symptoms after taking into account the influence of the above covariates.

The rationale for selecting sleep duration as a variable in the model for this study was based on the critical factor of enhancing sleep quality as a means of combating depression. A substantial body of research has demonstrated a robust correlation between sleep quality and depressive symptoms, indicating that enhancing sleep can markedly alleviate depressive conditions. For example, it was demonstrated that poor sleep quality is associated with an increased risk of depressive symptoms, thereby underscoring the significance of sleep quality as a determinant in the onset of major depression (31). This relationship is further supported by, who noted that negative emotions negatively impact sleep quality, thereby initiating a vicious cycle that exacerbates depressive symptoms (32). The results of our study indicate that there is a statistically significant inverse relationship between sleep duration and depressive symptoms, with an odds ratio of 0.78 (95% CI: 0.77, 0.80). This finding is consistent with the results of previous research.

In the older adult, a lack of sufficient physical activity is regarded as a contributory factor in the development of several types of frailty. The findings of Zhang et al. indicate that regular physical exercise can not only prevent cognitive and functional decline but also reduce the incidence of various types of frailty (33). Concur, noting that the critical role of nutrition and physical activity in the prevention of chronic disease is well-established. Indeed, they highlight that improving these lifestyle behaviors can significantly reduce the burden of disease in older age groups (34). Considering the above reasons, we choose self-reported health, hypertension, diabetes mellitus, heart disease, stroke, arthritis, dyslipidemia, and hepatic disease as covariates in the model for this study.

The relationship between nutritional status and cognitive function is also worthy of note. Studies have demonstrated a significant correlation between malnutrition and cognitive decline, particularly in the older adult, and optimal nutritional status is regarded as a crucial element in the prevention of cognitive decline (35). Illustrate this with a systematic review by Cacador et al., which indicated that a decline in nutritional status was closely associated with a decline in cognitive and functional ability, emphasizing the significance of nutrition in geriatric care. The present study did not collect data directly related to nutritional status, although information on comorbidities and economic status was gathered as covariates. The lack of direct data on nutritional status represents a limitation of this study.

Theoretically, according to social integration theory, engaging in diverse leisure activities can enhance an individual’s social connections, which is beneficial for mental health (36). Empirical evidence corroborates this assertion. For instance, a study revealed that participation in multiple leisure activities and extended periods of exercise can mitigate the risk of depression in older adults (36). Furthermore, a longitudinal study of older adults in the UK demonstrated that participation in hobbies was associated with a reduction in depressive symptoms, and this relationship remained significant after controlling for other variables (37). A number of studies have indicated that participation in art and creative activities (such as music, painting, etc.) is associated with a reduction in depression, with the effect being more pronounced for certain types of activities (23) For instance, a study revealed that older adults who engaged in artistic pursuits exhibited a reduction in depressive symptoms over a two-year period (23).


Study limitations

A common problem in observational studies is unmeasured confounders. As seen in Table 1, compared to the subjects in the hobby engagement group. Significant differences were observed among the hobby engagement groups in terms of age, sex, place of residence, marital status, level of education, annual income, self-reported health status, hypertension, diabetes mellitus, heart disease, stroke, arthritis, dyslipidemia, hepatic disease, duration of sleep, and depressive symptoms (all p < 0.05). These differences may be indicative of unmeasured confounders, such as income and medical insurance, which may affect the risk of depressive symptoms. Although we adjusted for possible confounding factors, including age, sex, marital status, education, self-reported health, hypertension, diabetes mellitus, heart disease, stroke, arthritis, dyslipidemia, hepatic disease, sleep duration, residence, and annual income. Additional limitations of our study include missing data for some variables. Nevertheless, we used contemporary methods to deal with missing data to minimize bias.

Secondly, another limitation of our study is that, as a cross-sectional study, it can only establish association rather than causation. The temporal relationship between hobby engagement and depressive symptoms cannot be definitively determined, which is a significant limitation given the implications of the study. Future longitudinal or experimental studies that would help clarify causal relationships and determine the effectiveness of different types of hobby engagements as interventions for reducing depressive symptoms in older adults. To illustrate, research interests may include, but are not limited to, the following areas: Chinese painting, humanistic painting, visual perception, folk art and folk art (38, 39).

Another limitation is related to the fact that the diagnosis of depressive symptoms was based on a self-reported questionnaire, which may introduce the possibility of misclassification. The use of the CES-D 10 scale to measure depressive symptoms was appropriate; however, reliance on self-reporting can introduce bias, particularly in a population where stigma may influence the willingness to report mental health issues. The results indicated a lower incidence of depression, yet there was no evidence to suggest that this bias influenced the relationship between hobby engagement and depressive symptoms.

Furthermore, the lack of information on interventions during the initial stabilization period could have influenced the risk of depressive symptoms. It is important to note that the potential effects of these interventions would likely bias toward null, leading to an underestimation of the association between hobby engagement and depressive symptoms risk.

Finally, it is acknowledged that the study participants were middle-aged and older Chinese adults who were referred to, which may limit the generalizability of the findings to other populations.




Conclusion

The study analyzed data from the CHARLS database and identified 16,057 participants. It found hobby engagement was associated with a reduced risk of depressive symptoms in a large sample of middle-aged and older Chinese adults. These findings highlight the significance of addressing factors related to hobby engagement in the context of age-related health conditions.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found at: http://charls.pku.edu.cn/.



Ethics statement

The studies involving humans were approved by the Biomedical Ethics Review Board of Peking University approved the CHARLS study (IRB00001052-11015), and all participants provided written informed consent. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

QL: Conceptualization, Writing – review & editing. PH: Data curation, Writing – original draft. CL: Supervision, Writing – review & editing. XC: Writing – original draft.



Funding

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



Acknowledgments

The author is very grateful to the data providers of the study. This document used CHARLS wave 2020. We thank the China Health and Retirement Longitudinal Study research team and every respondent in this study for their contributions.



Conflict of interest

XC was employed by the company Empower U, X&Y Solutions Inc.

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



Publisher’s note

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



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1450358/full#supplementary-material



Abbreviations


CHARL, China Health and Retirement Longitudinal Study; OR, odds ratio; 95%CI, 95% confidence interval



Footnotes

1   http://charls.pku.edu.cn/


2   www.empowerstats.com


3   http://www.r-project.org




References

 1. Newmyer, L, Verdery, AM, Wang, H, and Margolis, R. Population aging, demographic metabolism, and the rising tide of late middle age to older adult loneliness around the world. Popul Dev Rev. (2022) 48:829–62. doi: 10.1111/padr.12506 

 2. Dong, X
. The population study of chinese older adult in Chicago. J Aging Health. (2014) 26:1079–84. doi: 10.1177/0898264314550581


 3. Snowdon, J
. Is depression more prevalent in old age? Australian & New Zealand J Psychiatry. (2001) 35:782–7. doi: 10.1046/j.1440-1614.2001.00968.x


 4. Moos, RH, Schutte, KK, Brennan, PL, and Moos, BS. The interplay between life stressors and depressive symptoms among older adults. J Gerontol: Series B. (2005) 60:P199–206. doi: 10.1093/geronb/60.4.P199 

 5. Sathyanarayana Rao, TS, and Shaji, KS. Demographic aging: implications for mental health. Indian J Psychiatry. (2007) 49:78–80. doi: 10.4103/0019-5545.33251 

 6. Mccrae, N, Murray, J, Banerjee, S, Huxley, P, Bhugra, D, Tylee, A , et al. 'they're all depressed, aren't they?' a qualitative study of social care workers and depression in older adults. Aging Ment Health. (2005) 9:508–16. doi: 10.1080/13607860500193765 

 7. Yen, H, Chi, M, and Huang, H. Social engagement for mental health: an international survey of older populations. Int Nurs Rev. (2022) 69:359–68. doi: 10.1111/inr.12737


 8. Mak, HW, Noguchi, T, Bone, JK, Wels, J, Gao, Q, Kondo, K , et al. hobby engagement and mental wellbeing among people aged 65 years and older in 16 countries. Nat Med. (2023) 29:2233–40. doi: 10.1038/s41591-023-02506-1 

 9. Borim, FSA, Barros, MBDA, and Botega, NJ. Transtorno mental comum na população idosa: pesquisa de base populacional no município de campinas, são paulo, brasil. Cad Saude Publica. (2013) 29:1415–26. doi: 10.1590/s0102-311x2013000700015 

 10. Janice, HT
. Depression affects elderly people' s lives more than physical illnesses. BMJ. (2004) 329:1307. doi: 10.1136/bmj.329.7478.1307-c


 11. Zhang, Y, Xu, X, Lian, T, Huang, L, Zeng, J, Liang, D , et al. Development of frailty subtypes and their associated risk factors among the community-dwelling elderly population. Aging. (2020) 12:1128–40. doi: 10.18632/aging.102671 

 12. Mcnaughton, SA, Crawford, D, Ball, K, and Salmon, J. Understanding determinants of nutrition, physical activity and quality of life among older adults: the wellbeing, eating and exercise for a long life (well) study. Health Qual Life Outcomes. (2012) 10:109. doi: 10.1186/1477-7525-10-109 

 13. Fancourt, D, Opher, S, and de Oliveira, C. Fixed-effects analyses of time-varying associations between hobbies and depression in a longitudinal cohort study: support for social prescribing? Psychother Psychosom. (2019) 89:111–3. doi: 10.1159/000503571 

 14. Powell, M, Olsen, KN, Vallerand, RJ, and Thompson, WF. Passion, music, and psychological well-being. Music Sci. (2023) 28:39–57. doi: 10.1177/10298649231157404


 15. Zhao, Y, Hu, Y, Smith, JP, Strauss, J, and Yang, G. Cohort profile: the China health and retirement longitudinal study (charls). Int J Epidemiol. (2014) 43:61–8. doi: 10.1093/ije/dys203 

 16. Andresen, EM, Malmgren, JA, Carter, WB, and Patrick, DL. Screening for depression in well older adults: evaluation of a short form of the ces-d (center for epidemiologic studies depression scale). Am J Prev Med. (1994) 10:77–84. doi: 10.1016/S0749-3797(18)30622-6


 17. Chen, H, and Mui, AC. Factorial validity of the center for epidemiologic studies depression scale short form in older population in China. Int Psychogeriatr. (2014) 26:49–57. doi: 10.1017/S1041610213001701


 18. Boey, KW
. Cross-validation of a short form of the ces-d in chinese elderly. Int J Geriatr Psychiatry. (1999) 14:608–17. doi: 10.1002/(sici)1099-1166(199908)14:8<608::aid-gps991>3.0.co;2-z 

 19. Feng, Z, Chen, Q, Li, Y, Xue, Z, and Hao, X. The association between falls and depressive symptoms among older adults: evidence from the China health and retirement longitudinal study. Front Public Health. (2023) 11:1248551. doi: 10.3389/fpubh.2023.1248551 

 20. Han, T, Han, M, Moreira, P, Song, H, Li, P, and Zhang, Z. Association between specific social activities and depressive symptoms among older adults: a study of urban-rural differences in China. Front Public Health. (2023) 11:1099260. doi: 10.3389/fpubh.2023.1099260 

 21. Sun, W, Ren, Z, Zhu, S, Cheng, S, Liu, W, Li, H , et al. Spousal concordance in adverse childhood experiences and the association with depressive symptoms in middle-aged and older adults: findings across China, the Us, and Europe. Front Public Health. (2023) 11:1158590. doi: 10.3389/fpubh.2023.1158590 

 22. Liu, H, Fan, X, Luo, H, Zhou, Z, Shen, C, Hu, N , et al. Comparison of depressive symptoms and its influencing factors among the elderly in urban and rural areas: evidence from the China health and retirement longitudinal study (charls). Int J Environ Res Public Health. (2021) 18:3886. doi: 10.3390/ijerph18083886 

 23. Bone, JK, Bu, F, Fluharty, ME, Paul, E, Sonke, JK, and Fancourt, D. Engagement in leisure activities and depression in older adults in the United States: longitudinal evidence from the health and retirement study. Soc Sci Med. (2022) 294:114703. doi: 10.1016/j.socscimed.2022.114703 

 24. Austin, PC
. An introduction to propensity score methods for reducing the effects of confounding in observational studies. Multivar Behav Res. (2011) 46:399–424. doi: 10.1080/00273171.2011.568786


 25. Vanderweele, TJ, and Ding, P. Sensitivity analysis in observational research: introducing the e-value. Ann Intern Med. (2017) 167:268–74. doi: 10.7326/M16-2607 

 26. Herrmann-Lingen, C, and Al'Absi, M. Exploring the association of hypertension with risk for depression: evidence for tamed neurobehavioral arousal versus central emotional dysregulation. Psychosom Med. (2018) 80:504–7. doi: 10.1097/PSY.0000000000000611 

 27. Hao, G, Bishwajit, G, Tang, S, Nie, C, Ji, L, and Huang, R. Social participation and perceived depression among elderly population in South Africa. Clin Interv Aging. (2017) 12:971–6. doi: 10.2147/CIA.S137993 

 28. Kurniawidjaja, M, Susilowati, IH, Erwandi, D, Kadir, A, Hasiholan, BP, and Al, GR. Identification of depression among elderly during covid-19. J Prim Care Community Health. (2022) 13:27261756. doi: 10.1177/21501319221085380 

 29. Wang, X, Guo, J, Liu, H, Zhao, T, Li, H, and Wang, T. Impact of social participation types on depression in the elderly in China: an analysis based on counterfactual causal inference. Front Public Health. (2022) 10:792765. doi: 10.3389/fpubh.2022.792765 

 30. Zhang, Y, and Jiang, X. The effects of physical activity and exercise therapy on frail elderly depression: a narrative review. Medicine (Baltimore). (2023) 102:e34908. doi: 10.1097/MD.0000000000034908 

 31. Supartini, A, Oishi, T, and Yagi, N. Sex differences in the relationship between sleep behavior, fish consumption, and depressive symptoms in the general population of South Korea. Int J Environ Res Public Health. (2017) 14:789. doi: 10.3390/ijerph14070789 

 32. Ding, X, Wang, X, Yang, Z, Tang, R, and Tang, YY. Relationship between trait mindfulness and sleep quality in college students: a conditional process model. Front Psychol. (2020) 11:11. doi: 10.3389/fpsyg.2020.576319


 33. Khazrai, YM, Defeudis, G, and Pozzilli, P. Effect of diet on type 2 diabetes mellitus: a review. Diabetes Metab Res Rev. (2014) 30:24–33. doi: 10.1002/dmrr.2515


 34. Ojo, O, and Brooke, J. Evaluating the association between diabetes, cognitive decline and dementia. Int J Environ Res Public Health. (2015) 12:8281–94. doi: 10.3390/ijerph120708281 

 35. Ferreira, AR, Dias, CC, and Fernandes, L. Needs in nursing homes and their relation with cognitive and functional decline, behavioral and psychological symptoms. Front Aging Neurosci. (2016) 8:8. doi: 10.3389/fnagi.2016.00072 

 36. Lee, HY, Yu, CP, Wu, CD, and Pan, WC. The effect of leisure activity diversity and exercise time on the prevention of depression in the middle-aged and elderly residents of Taiwan. Int J Environ Res Public Health. (2018) 15:654. doi: 10.3390/ijerph15040654 

 37. Caddy, L, Crawford, F, and Page, AC. ‘Painting a path to wellness’: correlations between participating in a creative activity group and improved measured mental health outcome. J Psychiatr Ment Health Nurs. (2012) 19:327–33. doi: 10.1111/j.1365-2850.2011.01785.x


 38. Lei, W
. The creative presentation of color elements in chinese painting art under the view of information technology. Appl Math Nonlinear Sci. (2024) 9:9. doi: 10.2478/amns-2024-1260


 39. Li, L, and Tian, Y. Aesthetic preference and time: preferred painting dilates time perception. SAGE Open. (2020) 10:215824402093990. doi: 10.1177/2158244020939905



Copyright
 © 2024 Lu, Hu, Lian 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.

OPS/images/fpubh-12-1450358-t003.jpg
Depressive

Analysis symptoms P-value
No. of events/no, of patients at risk (%) <0.001
Hobby engagement 1286/4073 (31.57%)
No hobby engagement 4754/11984 (39.67%)
Crude analysis—Odds ratio (95% CI) 0.70 (065, 0.76) <0.0001

Multivariable analysis—Odds ratio (95% CI)

1: Adjust for all covariates 0.90(0.82,098) 00115
2: Adjust for PS 0.91(0.84,099) 00204
3: Adjust PS(smooth) 0.91(0.84,099) 00206

Estimate of exposure effect using IPTW—Odds ratio (95% CI)

ATT 0.91(0.84,0.98) 00151
ATC 0.92 (085, 1.00) 00523
ATE 092 (0.85,0.99) 00362

[PTW, Inverse Probability of Treatment Weighting Using the Propensity Score. ATT, average
treatment effect for treated. ATC, average treatment effect for control. ATE, average
treatment effect for all. Note for models: 1: Adjusted for indicator of any missing, age
(smooth), sex, marital status, education, self-reported health, hypertension, diabetes
mellitus, heart disease, stroke, arthritis, dyslipidemia, hepatic disease, sleep duration

(h; smooth), residence, annual income (CNY; smooth). 2: PS: propensity score calculated by
indicator of any missing, age (smooth), sex, marital status, education, self-reported health,
hypertension, diabetes mellius, heart disease, stroke, arthritis, dyslpidemia, hepati disease,
sleep duration (h; smooth), residence, annual income (CNY; smooth).






OPS/images/fpubh-12-1450358-t001.jpg
Hobby engagement

Variable All participants
Yes
N 16,057 11,984 4073
Age (years) 62.4429.19 62784934 61454865 <0.001
Age groups
<60 6,951 (43.29%) 5,040 (42.06%) 1911 (46.92%) <0.001
60-70 5,397 (33.61%) 3,995 (33.34%) 1,402 (34.42%)
>=70 3,709 (23.10%) 2,949 (24.61%) 760 (18.66%)
Sex (%) <0.001
Female 8,358 (52.05%) 6,349 (52.98%) 2009 (49.32%)
Male 7,699 (47.95%) 5,635 (47.02%) 2064 (50.68%)
Residence (%) <0.001
Urban 6456 (40.21%) 4377 (36.52%) 2079 (51.04%)
Rural 9,601 (59.79%) 7,607 (63.48%) 1994 (48.96%)
Marital status (%) <0.001
No spouse 2,227 (13.87%) 1744 (14.55%) 483 (11.86%)
Married with spouse 13,830 (86.13%) 10,240 (85.45%) 3,590 (88.14%)
Education (%) <0.001
Tliterate 6,340 (39.48%) 5,224 (43.59%) 1,116 (27.40%)
Primary 3,678 (22.91%) 2,758 (23.01%) 920 (22.59%)
Middle 3,840 (23.91%) 2,660 (22.20%) 1,180 (28.97%)
College or higher 2,199 (13.69%) 1,342 (11.20%) 857 (21.04%)
Annual income (CNY) 30,360 (6690-66,900) 26,507 (5740-61,000) 42,120 (12000-80,000) <0.001
Annual income groups <0.001
<15,000 5,166 (32.17%) 4,155 (34.67%) 1011 (24.82%)
>=15,000, <25,000 1,281 (7.98%) 990 (8.26%) 291 (7.14%)
25,000 7,842 (48.84%) 5473 (45.67%) 2,369 (58.16%)
Missing 1768 (11.01%) 1,366 (11.40%) 402 9.87%)
Self-reported health status (%) <0.001
Good 4,056 (25.26%) 2,917 (24.35%) 1,139 (27.96%)
Fair 8,148 (50.75%) 6,024 (50.28%) 2,124 (52.15%)
Poor 3,850 (23.98%) 3,040 (25.37%) 810 (19.89%)
Hypertension (%) 0022
No 9,819 (61.15%) 7,267 (60.64%) 2,552 (62.66%)
Yes 6,238 (38.85%) 4717 (39.36%) 1,521 (37.34%)
Disabetes or hyperglycaemia (%) 0.069
No 13,713 (85.40%) 10,270 (85.70%) 3,443 (84.53%)
Yes 2,344 (14.60%) 1714 (14.30%) 630 (15.47%)
Heart disease (%) 0.403
No 12,705 (79.12%) 9,501 (79.28%) 3,204 (78.66%)
Yes 3,352 (20.88%) 2,483 (20.72%) 869 (21.34%)
Stroke (%) 0.186
No 15,053 (93.75%) 11,217 (93.60%) 3,836 (94.18%)
Yes. 1,004 (6.25%) 767 (6.40%) 237 (5.82%)
Arthritis (%) <0.001
No 9,885 (61.56%) 7,233 (60.36%) 2,652 (65.11%)
Yes 6,172 (38.44%) 4,751 (39.64%) 1,421 (34.89%)
dyslipidemia (%) <0.001
No 11,721 (73.00%) 8,903 (74.29%) 2,818 (69.19%)
Yes 4,336 (27.00%) 3,081 (25.71%) 1,255 (30.81%)
Hepatic disease (%) <0.001
No 14,878 (92.66%) 11,165 (93.17%) 3,713 (91.16%)
Yes. 1,179 (7.34%) 819 (6.83%) 360 (8.84%)
Sleep duration (h) 603+189 600196 610+169 0.004
Sleep duration groups <0.001
<6 5,740 (35.75%) 4,387 (36.61%) 1,353 (33.22%)
>=6 10,317 (64.25%) 7,597 (63.39%) 2720 (66.78%)
Depressive symptoms CESD-10 863645 8974658 763597 <0.001
Depressive symptoms <0.001
No 10,017 (6238%) 7,230 (60.33%) 2787 (68.43%)
Yes 6,040 (37.62%) 4754 (39.67%) 1,286 (31.57%)

Data are expressed as mean  SD, median (25th-75th percentile) or percentage. Among the 16,057 participants, the number of missing values for the covariates was 1,768 (11.0%) for annual
\come and 3 (<1.0%) for self-reported health status.






OPS/images/fpubh-12-1450358-t002.jpg
Depressive symptoms OR

BRI (95%Cl) p-value
Hobby

No 10

Yes 0.70 (0.65, 0.76) <0.0001
Age 102 (1,01, 1.02) <0.0001
'AGE1.GROUP

o 10

Middle 1.24 (1.14, 1.34) <0.0001

High 152 (140, 1.64) <0.0001
Sex

Female 1.0

Male 0.49 (0.46, 0.53) <0.0001
Marital status

No spouse 10

Married with spouse 0.56 (0.51,0.61) <0.0001
Education

Illiterate 1.0

Primary 0.65 (0.60, 0.71) <0.0001

Middle 0.45 (0.42, 0.49) <0.0001

College or higher 030 (0.27, 0.34) <0.0001
Self-reported health

Good 1.0

Fair 2.70 (2.46, 2.96) <0.0001

Poor. 8.07 (7.27, 8.96) <0.0001
Hypertension

No 1.0

Yes 1.33 (1.24, 1.42) <0.0001
Diabetes mellitus

No 1.0

Yes 1.40 (1.28, 1.52) <0.0001
Heart disease

No 1.0

Yes 1.81 (1.67, 1.95) <0.0001
Stroke

No 1.0

Yes 2.18 (1.92, 2.48) <0.0001
Arthritis

No 1.0

Yes 2.40 (2.25, 2.57) <0.0001
Dyslipidemia

No 1.0

Yes 1.36 (1.26, 1.46) <0.0001
Hepatic discase

No 1.0

Yes 1.57 (1.39, 1.77) <0.0001

Sleep duration (h) 0.78 (077, 0.80) <0.0001
Sleep duration. GROUP'

o 10

Middle 0.39 (0.36, 0.43) <0.0001

High 0.24 (0.2, 0.27) <0.0001
Residence

Urban 1.0

Rural 1.80 (1.68, 1.93) <0.0001

Annual income (CNY) 1.00 (1.00, 1.00) <0.0001
Annual income.GROUP

Low 10

Middle 0.67 (0.62, 0.72) <0.0001

High 0.34 (032, 0.38) <0.0001

Results in table: OR (95%ClI) p value.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The association between hobby engagement and depressive symptoms among Chinese middle-aged and older adults: evidence from the China health and retirement longitudinal study



		Introduction



		Methods



		Study design and population



		Study variables



		Assessment of hobby



		Assessment of depressive symptoms









		Other covariates



		Statistical analysis









		Results



		Characteristics of the participants



		Factors influencing the risk of depressive symptoms analyzed by logistics regression



		The association between hobby engagement and depressive symptoms



		Stratified analysis for the association between hobby engagement and depressive symptoms



		Sensitive analysis









		Discussion



		Study limitations









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Abbreviations



		Footnotes



		References



















OPS/images/fpubh-12-1450358-g001.jpg
Total participants in CHARLS
in2020 (n= 19,395 )

3,338 participants were excluded*:

1. aged <45 years (n =128):

2. participants with missing information
on hobby (n=44);

3. participants with missing information
on depressive symptoms (n=3,166).

16,057 participants included






OPS/images/fpubh-12-1450358-g002.jpg
Strarified variable OR (95%C1) P value
Age Low —i— 0.83 (0.72, 0.95)  0.0055
Middle —— 0.70 (0.61, 0.79)  <0.0001
High —— 0.64 (0.55, 0.73)  <0.0001
Sex Female B = 0.65 (0.59, 0.72)  <0.0001
Male X 0.80 (0.71, 0.89) <0.0001
Marital status No spouse . 0.68 (0.56, 0.83)  0.0002
Married with spouse E 3 0.72 (0.66, 0.78)  <0.0001
education Illiterate —@—  0.83 (0.73, 0.95)  0.0056
Primary —@—  0.82 (0.70, 0.96) 00143
Middle —&— 0.88 (0.75, 1.02)  0.0938
College or higher —— 0.66 (0.53, 0.82) 0.0002
Self-reported health  Good . 0.70 (0.57, 0.84)  0.0002
Fair —— 0.77 (0.69, 0.86)  <0.0001
Poor —— 0.73 (0.62, 0.85)  <0.0001
Hypertension No = 0.71 (0.64, 0.78)  <0.0001
Yes R 0.70 (0.62, 0.79)  <0.0001
Diabetes mellitus No i 0.74 (0.68, 0.80)  <0.0001
Yes —— 0.53 (0.44, 0.64)  <0.0001
Heart disease No E X 0.70 (0.64, 0.77)  <0.0001
Yes —— 0.67 (0.57, 0.78)  <0.0001
stroke No 32 0.70 (0.65, 0.76)  <0.0001
Yes ——8——  0.70 (0.53, 0.94) 0019
Arthritis No = B 0.74 (0.67, 0.81)  <0.0001
Yes —— 0.70 (0.62, 0.79)  <0.0001
Dyslipemia No - 0.72 (0.66, 0.79)  <0.0001
Yes —— 0.62 (0.54, 0.71)  <0.0001
Hepatic disease No '-.-‘ 0.70 (0.65, 0.76) <0.0001
Yes —— 0.62 (0.48, 0.79)  0.0002
Sleep duration (h) Low —l— 0.75 (0.63, 0.90) 0.0021
Middle —— 0.73 (0.65, 0.82)  <0.0001
High —— 0.69 (0.60, 0.79)  <0.0001
Residence Urban = 0.72 (0.64, 0.81) <0.0001
Rural = = 0.79 (0.71, 0.87)  <0.0001
Annual income (CNY)  Low —— 0.81 (0.70, 0.94)  0.0044
Middle —— 0.80 (0.70, 0.92)  0.0013
High —— 0.74 (0.64, 0.86)  <0.0001

0.50

10






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

The association between hobby
engagement and depressive
symptoms among Chinese
middle-aged and older adults:
evidence from the China health
and retirement longitudinal study












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






