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Introduction

Mental health problems, especially depressive symptoms, are becoming increasingly prominent, posing a significant risk to public health. Changes in the body mass index (BMI) may impact an individual’s mental health, however, the relationship between BMI and depressive symptoms is unclear. The purpose of this study was to investigate the association between BMI and depressive symptoms.





Methods

Using a multi-stage sampling method, 10,686 adults in Longgang District, Shenzhen City, Guangdong Province, China, were selected for participation in this study. Surveys were distributed in 2020 and 2021 to measure participant demographic data and health. Binary logistic regression, restricted cubic spline regression, and subgroup analyses were performed to explore the relationship between BMI and depressive symptoms.





Results

The results showed a U-shaped relationship between BMI and depression. Both obesity and underweight increased the risk of depression among the participants, especially in subgroups of participants who were young, highly educated, single and employed.





Conclusion

These findings suggest that adults should try to maintain a normal body weight as a way to prevent depression and maintain their physical and mental health.
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1 Introduction

Depressive disorder is a pervasive mental disorder characterized by a prolonged and constant sense of melancholy or diminished interest in activities. It is closely associated with suicidal behaviours (1). Globally, an estimated 280 million individuals suffer from depression (2), with more than 50 million in China (3). However, China lacks mental health resources, and the prevalence of depression among Chinese adults is currently about 6.9%, higher than the global prevalence (about 5%) (2, 4). Depression is the tenth leading cause of all-cause disability-adjusted life years (DALYs) in China (5), but its complex pathogenesis has not yet been clarified and many risk factors remain to be explored.

To date, several studies have suggested that there may be an association between overweight (or obesity) and depression (6–10). This is supported by mechanism studies. For example, obesity-related inflammatory processes can affect the occurrence and development of depression (11, 12). There is also evidence indicating that weight perceptions influence mental well-being (13). The prevalence of obesity has doubled globally in the past 30 years, with over 2.5 billion adults being classified as overweight in 2022, including 890 million who were considered obese, while 390 million individuals were considered to be underweight (14). According to Chinese standards, between 2015 and 2019, 34.3% of individuals were considered overweight, while the rate of obesity was 16.4% (15). Given the increasing prevalence of abnormal weight, it is particularly important to explore the relationship between body mass index (BMI) and depression. However, the majority of existing research that has examined the association between weight and depression has focused on overweight (or obesity) and depression, with a predominant emphasis on specific demographic groups such as women, children and the elderly, rather than the broader general population.

Shenzhen, a mega-city in China, is one of the pilot cities for the development of a Psychosocial Service System. Accordingly, there is significant concern about the mental health of the general public in this city. A cross-sectional survey found that the prevalence of all types of mental illness among adults in Shenzhen was as high as 21.87% (16). Further, the prevalence of depressive disorders was 7.74% (17), which is higher than the national level. This indicates that Shenzhen faces a significant challenge in preventing and intervening in depression.

Therefore, the aim of this study was to explore the association between BMI and depression among adults in Shenzhen, with the goal of identifying key subgroups that necessitate focused attention. The ultimate goal of this study was to establish a scientific foundation for future prevention and control strategies for depression, and enhanced the treatment and management approaches for affected patients.




2 Materials and methods



2.1 Sample and sampling

A cross-sectional study in 2005 showed that the prevalence of depression among adults in Shenzhen was 7.74% (17). However, this estimate was established 15 years ago, and rapid social change may have brought about a general increase in psychological pressure and stress (18). Further, the current study was conducted during the COVID-19 pandemic, where there was undoubtedly an exacerbation of psychological pressure. Thus, we decided to take 10% as an estimate of the prevalence of depression. Estimation of the required sample size for this study was performed using the Exact (Clopper-Pearson) Formula for Calculating Confidence Intervals for One Proportion in PASS 2021 software. The significance level α was set at 0.01 and the quantity δ for permissible error was set at 0.01. The required sample size was calculated to be 6071. Assuming a sample loss of 20%, the estimated required sample size was 7589.

Sampling for this study was conducted in 2020 and 2021 using a multi-stage sampling strategy. In the first stage, the Longgang District of Shenzhen was chosen as the sampling area based on the accessibility of this district. In stage two, two sub-districts were selected from among the 11 sub-districts in Longgang district using the simple random sampling method. In stage three, within each of the selected sub-districts, four communities were selected using the population size ranking systematic sampling method (eight communities were selected in total). In stage four, in each selected community, four resident groups were selected by the simple random sampling method (a total of 32 resident groups were selected). In stage five, within each of the selected resident groups, 240 households were selected using the simple random sampling method; all usual residents aged 18 years and above in the selected households were investigated (a total of 7,680 households were selected). The inclusion criteria for participation were: aged 18 years or above; has resided continuously in Shenzhen City for more than six months; is able to complete the survey independently or with assistance from others. A total of 10,686 surveys were distributed. Surveys with missing or abnormal values for height and weight, and those with excessively short response times, incomplete data and obvious logical errors, were excluded. Finally, a total of 9,995 surveys were analysed from adult residents in Shenzhen City. All participants provided informed consent before participation. This study was performed in accordance with the Declaration of Helsinki.




2.2 Methods

A self-administered survey was used to collect information about the participants, including age, gender, education, marital status, economic status, employment status, height, weight, smoking and drinking. Further, the severity of depressive symptoms was assessed by the Chinese version of the Patient Health Questionnaire-9 (PHQ-9). The items in the scale cover nine symptom criteria for the diagnosis of clinical depression according to the Diagnostic and Statistical Manual of Mental Disorders Fourth Edition (DSM-IV) and have shown good reliability and validity (19). In a cross-sectional study of depression in China, the PHQ-9 demonstrated good reliability and validity. The Cronbach α coefficient of the PHQ-9 was 0.839. Taking the results of the Mini-International Neuropsychiatric Interview as the gold standard, the area under the receiver operating characteristic (ROC) curve of the PHQ-9 results for all subjects was 0.898 (20). Each item in the PHQ-9 is scored as follows: 0 = not at all, 1 = several days, 2 = more than half the days, and 3 = nearly every day. The total score ranges from 0 to 27, with a higher score indicating more severe depressive symptoms. Total scores of 0-4, 5-9, 10-14, 15-19 and 20-27 indicate no, mild, moderate, moderately severe and severe depression, respectively. In this study, a score ≥ 5 was considered to indicate the presence of depression (21). BMI was calculated according to the guidelines for the prevention and control of overweight and obesity in Chinese adults, with BMI < 18.5 kg/m2, 18.5-24.0 kg/m2, 24.0-28.0 kg/m2 and ≥ 28.0 kg/m2 defined as underweight, normal weight, overweight, and obesity, respectively (15).




2.3 Quality control

Quality control before the study. Consult with relevant experts to design the electronic questionnaire. Reminders were set up in the survey to ensure that the participants submitted the complete questionnaire. Centralized and unified training was provided for the investigators.

Quality control during the survey. The investigators had to adopt uniform investigation standards, carefully check the surveys obtained, record the study procedures, and treat the participants politely.

Quality control after survey. Convert the electronic questionnaire into a data format. The data were double-checked to remove participants who completed the survey in too little time and who had obvious logical errors.




2.4 Statistical analysis

Statistical analysis and visualization were performed using R 4.3.2 software. Statistical significance was set at 0.05. Normally distributed data were described by  , and differences between groups were examined by ANOVA. Non-normally distributed data were described by M (Q1, Q3), and differences between groups were examined using the rank sum test. Categorical data were described by frequencies (constitutive ratios), and differences between groups were examined by the χ2 test. The association between BMI and depressive symptoms was analysed using a binary logistic regression model. The dose-response relationship between BMI and depressive symptoms was explored using the restricted cubic spline (RCS) model. Subgroup analyses were also performed to investigate the association between BMI and depressive symptoms.





3 Results



3.1 Demographic data

The average age of the participants was 34.0 (29.0, 44.0) years, among which, the average age of individuals with depressive symptoms was 32.0 (27.0, 40.0) years. The percentage of participants with depressive symptoms was 11.8% (1,176). Overall, 62.4% (6,240) of participants were female, and 49.4% (4,942) had an education level of college or higher. The average BMI of the sample was 22.10(20.08, 24.22) kg/m3.

There were statistically significant differences in the prevalence of depression among residents grouped by age, education, marital status, family economic status, employment status, smoking, drinking, and BMI subgroups, as shown in Table 1.


Table 1 | Demographic information of participants.






3.2 Binary logistic regression

After adjusting for age, sex, education, marital status, economic status, employment status, smoking, and drinking, binary logistic regression showed a no linear association between BMI and the risk of depressive symptoms (P > 0.05). Compared with the normal BMI group, the obese and underweight groups had higher risks of depressive symptoms (P < 0.05) (Table 2).


Table 2 | Binary logistic regression of BMI and depressive symptoms.






3.3 RCS analysis

The RCS analysis revealed a non-linear relationship between BMI and depressive symptoms. That is, a U-shaped association was observed, where the depression OR was the lowest when BMI was 21.3 kg/m3. A U-shaped relationship was also observed for the various investigated subgroups, including those under the age of 45, and males and females, respectively, where the lowest ORs for depressive symptoms corresponded to a BMI of 22.6 kg/m3, 24.0 kg/m3and 20.5 kg/m3, respectively. However, these nonlinear associations were not observed in people aged 45 years and older (Figure 1).




Figure 1 | RCS curve of BMI levels and risk of prevalence of depression. (A) in total study population; (B) in <45 years old; (C) in ≥45 years old; (D) in male; (E) in female.






3.4 Subgroup analysis

Normal BMI was used as a reference, and both underweight and obesity were associated with the risk of depression. Underweight increased the risk of depression in people below the age of 45, in females, in individuals with a junior high school and below education, in individuals with a college and above education, in unmarried/divorced/widowed individuals, in individuals with an ordinary economic status, in employed individuals, and in non-smokers and non-drinkers. Obesity increased the risk of depression in people below the age of 45 years, those with a college and above education, those who were unmarried/divorced/widowed, and those who were employed (Table 3, Figure 2).


Table 3 | Binary logistic regression analysis of BMI and depression in different demographic subgroups.






Figure 2 | Forest plot of association between BMI and depressive symptoms in different demographic subgroups.







4 Discussion

This large-scale mental illness-related research project organized by the Longgang District of Shenzhen, found that 11.77% of adults in Shenzhen suffer from depression. This estimate is much higher than the global prevalence of depression among adults (approximately 5%) (2). Thus, mental health issues should be given more attention in this population. In particular, the prevalence of depressive symptoms was higher among those who were unmarried/divorced/widowed, unemployed/retired, smoked cigarettes and drank alcohol.

This study found a U-shaped association between BMI and the prevalence of depressive symptoms in adults. This suggests that being underweight or overweight increases the risk of depression, similar to the findings of previous studies (22–25). The mechanisms by which an unhealthy weight leads to depression are diverse. Many studies have shown that obese people have a higher risk of depression, and this may be related to increased inflammatory response (26), leptin resistance (27, 28), cortisol-binding receptor damage (29), and disordered intestinal flora (30). On the other hand, obesity and underweight, as unhealthy physical characteristics, may have negative effects through social interaction, body image and self-esteem, thus increasing the risk of depression (31, 32).

In contrast to the current findings, some studies have found a significant positive association between BMI and depression (33, 34). For example, a German cross-sectional study found that obese adults had a significantly higher risk of depression than non-obese individuals (35). It is possible that the non-obese subgroups (i.e., underweight, normal, and overweight subgroups) masked the effect of underweight on depression. In the above study, mediation analysis showed that the association between BMI and depressive symptoms was mediated by physical health status. Thus, the authors reported that the likely reason for the high prevalence of depression in obese individuals is that obesity causes changes in health status which, in turn, mediate the development of depression (35).

Similarly, in contrast to the current study, some studies have found an inverse association BMI and depression (36, 37). This may be because these studies targeted specific populations (only middle-aged and older adults), while our study targeted adults (including middle-aged and older adults). The “jolly fat” hypothesis (fatter people are happier) could be used to explain the results of a cross-sectional study of Chinese middle-aged and older adults, where a negative association between BMI and depression in middle-aged and older adults was observed (36, 38). This hypothesis may also explain why as BMI decreases, the risk of depression increases. That is, psychological stress caused by rapid weight loss, such as diet control, may also increase the risk of depression (36, 38).

The results of the RCS in our study revealed that the relationship between BMI and the prevalence of depressive symptoms was U-shaped association across the adult population. The lowest OR for depression was observed at a BMI of 21.3 kg/m2, which corresponds to the normal BMI range. Similarly, RCS analysis of different age subgroups showed a U-shaped relationship between BMI and the risk of depressive symptoms in young people, but not in middle-aged and older adults. This suggests that BMI is more strongly associated with depressive symptoms in younger populations. This is a novel finding. The U-shaped association was also observed in the gender subgroups. However, we observed something even more interesting. Specifically, the lowest risk of depression was found in males and females with BMI values of 24.0 kg/m2 and 20.5 kg/m2, respectively. Combined with the RCS curve morphology and trends in men and women it appears that the risk of depression in women is more likely to be affected by changes in BMI than in men, possibly because obesity or underweight causes an increased psychological burden in women. A study based on the 2005-2018 NHANES data showed that at the lowest risk of depression, women had a lower optimal BMI value (21.1 kg/m2) than men (25.2 kg/m2), which is consistent with our speculation (22).

Further subgroup analyses revealed that among those who were employed, both underweight and obesity increased the risk of depression. This may be due to the presence of more work and life stressors, and thus, an unhealthy BMI may pose a greater mental burden (39). Further, among those who were unmarried/divorced/widowed, both underweight and obesity increased the risk of depressive symptoms. This may be related to the experience of loneliness among this population, which can increase the risk of mental illness (40). Unexpectedly, among smokers and drinkers, abnormal BMI was not associated with depressive symptoms. This may be because smoking and drinking increase a sense of pleasure and reduce mental stress, thus alleviating the onset of depressive symptoms (41).

The strengths of this study include the large sample size and examination of the adult population in general, as compared to studies that only included the elderly or young people. Thus, this study offers more a comprehensive insight into the association between BMI and depression among adults. Further, RCS analysis was conducted to explore the relationship between BMI and the risk of depression in the total sample as well as in different subgroups, which is rarely performed in the available literature. Nonetheless, this study still has some limitations. First, this was a cross-sectional study and as such, causal inferences cannot be made. Cohort studies are needed to investigate these causal relationships in the future. Second, the data in this study were based on self-report. Thus, inaccuracies and information bias cannot be excluded. In addition, important influencing factors, such as physical fitness, activity status and diet, were not adjusted for in this study and may have confounded the results. Future mediation studies of the relationship between BMI and depression may help to elucidate the potential causal mechanisms.




5 Conclusions

These findings reveal a U-shaped association between BMI and the risk of developing depression. That is, being underweight or obese was found to increase the risk of developing depression in adults. Importantly, a U-shaped association between BMI and depression was observed in the younger subgroup but not in the middle-aged and older subgroups. The risk of depression in the female population was more likely to be associated with a change in the BMI, as compared to male population. Moreover, high rates of depression were observed among smokers and drinkers, but an unhealthy BMI was not associated with an increased risk of depression in these groups.
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