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Purpose: Existing studies on the association between BMI and depression report conflicting results with some demonstrating 
a positive relationship, while others a negative link or insignificant correlation. Very limited research on the nonlinear relationship 
between BMI and depression has yet to clarify the reliability and robustness of the potential nonlinearity and whether a more complex 
association exists. This paper aims to systematically investigate the nonlinear relationship between the two factors applying rigorous 
statistical methods, as well as explore the heterogeneity of their association.
Materials and Methods: A large-scale nationally representative dataset, Chinese General Social Survey, is used to empirically 
analyze the nonlinear relationship between BMI and perceived depression. Various statistical tests are employed to check the 
robustness of the nonlinearity.
Results: Results indicate that there is a U-shaped relationship between BMI and perceived depression, with the turning point (25.718) 
very close to while slightly larger than the upper limit of the range of healthy weight (18.500 ≤ BMI < 25.000) defined by World 
Health Organization. Both very high and low BMIs are associated with increased risk for depressive disorders. Furthermore, perceived 
depression is higher at almost all BMI levels among individuals who are older, female, lower educated, unmarried, in rural areas, 
belonging to ethnic minorities, non-Communist Party of China members, as well as those with lower income and uncovered by social 
security. In addition, these subgroups have smaller inflection points and their self-rated depression is more sensitive to BMI.
Conclusion: This paper confirms a significant U-shaped trend in the association between BMI and depression. Therefore, it is 
important to account for the variations in this relationship across different BMI categories when using BMI to predict depression risk. 
Besides, this study clarifies the management goals for achieving an appropriate BMI from a mental health perspective and identifies 
vulnerable subgroups at higher risk of depression.
Keywords: body mass index, self-rated depression, mental health, biopsychosocial model, Chinese population

Introduction
According to the World Health Organization, depression is a prevalent mental disorder affecting 5% of adults 
worldwide.1 Depression is linked with a host of diseases, including obesity, diabetes and cardiovascular illness.2,3 In 
particular, there is a correlation between obesity and depression, and it is found that obesity increases the risk of 
depression.4,5 This may be attributed to shared risk factors such as less-healthy eating habits, physical inactivity, 
disrupted sleeping patterns and substance abuse.6 However, the exact relationship between Body Mass Index (BMI) 
and depression is still unclear, which is a research gap this paper aims to fill.

On the one hand, some studies demonstrate a significant positive association between BMI and depression,7,8 finding 
that obese persons are at greater risk of depression for many reasons including physical inactivity, poorer quality of life 
and social prejudice.9 On the other hand, however, some studies find that high levels of BMI help to reduce the risk of 
depression,10 because a larger BMI means a higher reserve of muscle and skeletal mass, which helps to reduce depressive 
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symptoms.11 In addition, some studies also find that the relationship between BMI and depression is not clear and there is 
no sufficient evidence to suggest a significant association between the two factors.12 This implies that the relationship 
between BMI and depression could be nonlinear, as suggested by a few papers exploring this connection.2,13–17 

Nonetheless, due to data limitations, existing research suffers from the problem of inadequate observations to cover 
a wide range of populations and a lack of rigorous statistical checks.

Depression is one of the leading causes of disability worldwide and is a major contributor to the overall global burden 
of disease.1 Hence, it is important to clarify the relationship between BMI and depression in order to better understand 
the mechanism of depression from the perspective of body fatness. In view of this, this paper systematically explores the 
nonlinear relationship between BMI and perceived depression using a large-scale nationally representative dataset from 
Chinese General Social Survey (CGSS). Additionally, this study examines the robustness of the nonlinearity using 
various statistical techniques. Furthermore, this paper investigates the heterogeneity of the nonlinear relationship between 
BMI and perceived depression in multiple aspects.

Compared with the existing literature, the main contributions of this paper are stated as follows. First, this study 
deepens our understanding of the relationship between BMI and depression. Previous studies find either a positive, 
negative, or insignificant association between them.2,7,8,10,12–17 However, existing discussions on a nonlinear relationship 
fail to clarify what kind of nonlinearity it is, whether it is robust, and whether a more complex association exists. In this 
paper, the nonlinear relationship between BMI and perceived depression is systematically analyzed applying rigorous 
statistical methods. Second, this paper further extends the literature concerning the heterogeneity in the relationship 
between BMI and depression by revealing how the U-shaped relationship varies across different factors such as age, 
gender, education, marital status, region, race, political identity, income, and social security. Therefore, this research 
enhances our comprehension of the nonlinear relationship by assessing the differences between various subgroups in 
terms of the trend in the association between BMI and depression as well as the magnitude of the turning point.

Literature Review
Factors Impacting Depression
Research indicates that depression is affected by both personal and external factors, and existing literature has examined 
the factors influencing depression in the following aspects. First, demographic factors are found to have a major influence 
on depression. In particular, gender is an important factor.18 For example, chronic stress has more negative implications 
for women’s well-being compared to men,19 which suggests that women are more susceptible to depression than men 
under negative circumstances.20 Moreover, age is a robust predictor of depression risk,21 with numerous studies 
concentrating on depression in the elderly,22,23 where research suggests a positive association between depression and 
age.24 Further research delves into the area of subjective age and reveals that higher subjective age also poses a higher 
risk of depressive emotions.25,26

Second, in addition to demographic factors, human capital elements such as education and migration also have 
a significant effect on depression as studies have shown that education is positively associated with health literacy,27–29 

thereby reducing the risk of depression.30 Furthermore, migrants and non-migrants experience different levels of quality 
of life which affects their self-rated depression.31–34 This risk is further compounded among children in the migrant 
population, because children in immigrant families may experience additional stressors related to their parents’ migration 
experience, such as separation from family members, changes in social networks, and exposure to discrimination.35,36 

Third, social contextual factors also can impact depression. Economic gaps between urban and rural areas in developing 
countries are identified as an important contributor to disparity in people’s mental health.23,37 Additionally, a growing 
number of studies suggest that social problems brought about by urbanization, such as increased income inequality, 
contribute to higher prevalence of depression among urban dwellers.22,38,39 Religion and ethnicity can impact mental 
health, with religious beliefs potentially reducing depressive symptoms and religious conflicts increasing the risk of 
depression,40,41 while ethnic minorities may experience higher rates of depression due to limited access to medical 
resources.42–45
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Fourth, work factors have a profound influence on mental health, particularly in terms of personal income, which 
determines standard of living and access to health care. Poorer income is associated with a higher risk of depression,46,47 

as well as a prolonged accumulation of depressive symptoms preventing individuals from improving their economic 
status,48,49 consequently reducing the quality of employment and heightening the possibility of depression.50,51 In 
addition, social security can help to alleviate depression by providing people with more resources to cope with it.52–54 

Fifth, family is integral to an individual’s life and significantly affects mental wellbeing,55,56 with the size of the family 
and the number of children within it tend to have a negative correlation with depression.57,58 However, larger families 
can also have lower quality of parental care, and consequently damage mental health.55,59,60 Besides, marriage status is 
an important factor influencing depressive symptoms, with unmarried people more susceptible to negative emotions.58

Body Mass Index and Its Effects
BMI is an internationally accepted measure to assess body fatness and is widely accepted as a reliable indicator of excess 
weight.61 Research demonstrates that being both underweight and overweight increases the possibility of illness, with 
both extremes of BMI being related to worse physical and mental health. To some degree, BMI reflects the amount of 
visceral fat and is thus used to predict many diseases, such as diabetes.62,63 Studies have shown that BMI levels correlate 
with body fatness as well as future health risks, and the widespread and longstanding application of BMI contributes to 
its utility at the population level.63

Existing research reveals that a high BMI is harmful to health because of the following reasons. On the one hand, 
large BMI is associated to a higher stroke risk and accelerates bone ageing.64,65 Additionally, fat accumulation signified 
by a high BMI can result in ventricular diastolic dysfunction, even leading to heart failure as well as ischemic and 
hypertensive heart disease.65–67 On the other hand, a combination of diabetes and large BMI often produces complex and 
severe complications,68 and even increases the risk of cancer.69,70 Moreover, high BMI is also linked with adverse 
outcomes in the next generation, as maternal high BMI has been shown to increase the risk of fetal malformations.71 

Recent studies also suggest that large BMI is a major risk factor for hospitalization and mortality among patients with 
coronavirus disease (COVID-19).72,73 Consequently, it is clear that a high BMI carries an array of health problems.

At the same time, a low BMI also have an adverse effect on people’s health. Low BMI is known to disturb immune 
system, resulting in a series of health issues such as malnutrition, aortic stiffness, constipation and so on.74–76 Among 
these, malnutrition is the most common health problem associated with low BMI.77 When individuals lack adequate 
nutrition to maintain physical function, it can lead to a variety of health complications, including impaired cognitive 
development and increased mortality.78,79 Furthermore, it is found that severely small BMI might increase the risk of 
illness such as Parkinson’s disease, amyotrophic lateral sclerosis, chronic obstructive pulmonary disease, cardiovascular 
disease, as well as the comorbidities associated with them.75,80,81

Possible Relationship Between Body Mass Index and Depression
Due to the close relationship between physical and mental health, some studies have explored the relationship between 
extreme body mass indexes and mental health. However, existing literature on the association between BMI and 
depression mostly considers their linear relationship. For example, some studies use Structural Equation Modeling 
(SEM) to analyze the linear association between BMI and depression,8,82,83 detecting the bidirectional effects between 
the two factors.84 Moreover, descriptive analysis and Chi-square tests are used to demonstrate the strong association 
between high BMI and depressive symptoms, as well as the gender differences therein,7 which may be attributed to 
shared risk factors like reduced physical activity.85 Latent growth models are also employed to analyze the heterogeneous 
relationships between BMI and depression in terms of gender and socioeconomic factors,86 revealing that overweight 
men are at an increased risk of depression, while this association is not significant in women.87 Furthermore, multinomial 
logistic regression shows that depression is significantly and positively related to BMI.88

Although very limited studies have paid attention to the nonlinear relationship between BMI and depression,13,16 it 
still deserves further in-depth research. For instance, some studies fail to use samples with all BMI levels and neglect 
underweight individuals (BMI less than 18.5) or limit the analysis to certain cohorts such as students, middle-aged people 
or older adults.13–15 Moreover, studies on the nonlinearity largely rely on descriptive statistical methods and analysis of 
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variance,2,13,16,17 failing to clarify the type and robustness of the nonlinear relationship between BMI and depressive 
symptoms. Based on a large-scale nationally representative dataset, this paper aims to investigate the nonlinearity 
between BMI and depression using a variety of rigorous statistical methods. Additionally, this research further explores 
the heterogeneity of the nonlinear association in various aspects, given the variations in the relationship between BMI 
and depression among different cohorts.89,90

Theoretical Framework, Materials and Methods
Theoretical Framework
As discussed in the literature review, results of the existing studies on the relationship between BMI and depression are 
still inconsistent, which could be attributed to the complexity of the relationship that involving multiple factors. The 
biopsychosocial model provides a systematic framework to understand the complex relationship between BMI and 
depression. This framework proposed by George Engel in 1977 is a generic model that emphasizes the importance of 
biophysical, psychological, and social factors in mental health.91 Unlike the traditional biomedical model that solely 
focuses on biological processes, the biopsychosocial model posits that these three aspects are interrelated and interact in 
a systematic and dynamic manner. This model has been widely accepted and used in various fields of health research and 
practice.92–94

First, biophysical factors such as age, gender, and physical health status, are an important component of the 
biopsychosocial model.92–94 For example, both very high and very low BMI are associated with a series of 
diseases,65,67,78,79 and this impact process may vary by age and gender.89 Second, psychological factors are also 
important in the biopsychosocial model. For example, stress and thinking patterns are examples of psychological factors 
that can influence health outcomes.95,96 Finally, social factors are an essential component of the biopsychosocial model. 
Social insurance, race, religious beliefs, and economic income are all examples of social factors that can influence mental 
health outcomes.93,97 For instance, individuals with lower income may have limited access to healthy food opportunities 
for physical activity, which can contribute to a higher BMI and further impact mental health.98 Based on this, we draw 
the following research framework for the study as shown in Figure 1.

The biopsychosocial model, as depicted in Figure 1, offers a holistic perspective that emphasizes the interrelatedness 
of biological, psychological, and social factors in mental health.93,94 Within this theoretical framework, this study aims to 
examine the relationship between the biophysical factor of Body Mass Index (BMI) and the psychological factor of 
perceived depression. The biopsychosocial model highlights the need for a systematic exploration of this relationship that 
takes into account not only biophysical and psychological factors but also other relevant factors, particularly social 
factors impacting mental health. Thus, under this framework, we control the relevant variables comprehensively, 
including age, gender, and social elements in various aspects such as human capital factors, socioeconomic factors, 
work factors, and family factors. Based on this, we systematically investigate the complexity of the relationship between 
BMI and perceived depression. Furthermore, we explore the variations in the nonlinear relationship between BMI and 
depression across individuals with different biophysical, psychological, and social characteristics.

Data Sampling
Data used in this research are the Chinese General Social Survey (CGSS) from 2017 to 2018, which is one of the most 
important national, comprehensive and large-scale academic survey projects in China. CGSS systematically and 
comprehensively collects information on a wide range of aspects of individuals older than 18 years, such as health, 
employment, income, consumption, education, attitudes and family backgrounds. CGSS is carried out by the Chinese 
Social Survey Network (CSSN) organized by the National Survey Research Center at Renmin University of China 
(NSRC). The sampling of CGSS is based on the multi-stage stratified design to ensure national representativeness. CGSS 
uses Computer Aided Personal Interviewing, and has a set of strict quality control procedures, which cover pre-fieldwork, 
in-fieldwork, and after-fieldwork states. Data and details of CGSS can be accessed through its website (http://cgss.ruc. 
edu.cn/English/Home.htm).
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The CGSS data have the following advantages in this study. First, this dataset covers adults of all ages, genders, 
education backgrounds, and income levels, and has a large sample size, which allows us to comprehensively examine the 
complex relationship between BMI and perceived depression. Second, CGSS investigates respondents’ self-rated 
depression, height, weight, and comprehensive factors affecting depression, facilitating the construction of various 
variables needed in this study.

Measures
Dependent Variables
The dependent variable in this study is the self-rated depression of the respondents, denoted as “Perceived depression”. 
This variable is derived from a question in the CGSS core module: “To what extent do you feel depressed?” Answers to 
this question are based on the adjectival scale from 1 to 5, including “1-not depressed”, “2-mildly depressed”, 
“3-moderately depressed”, “4-very depressed” and “5-severely depressed”, respectively. In order to address the potential 
measurement error due to different respondents’ varied understandings of the options provided, a dummy variable 
“Whether depressed” corresponding to above question is also constructed. “Whether depressed” is assigned a value of 1 
when the respondent answers moderately, very or severely depressed, and 0 otherwise.

Figure 1 The biopsychosocial model.
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Explanatory Variables
The main explanatory variables of this paper are Body Mass Index (BMI) and its quadratic term. As discussed in the 
literature review, BMI is a reliable indicator of body fatness for most people, which is widely used to screen for weight 
categories that may lead to health problems. It is defined as a person’s weight in kilograms divided by the square of her/ 
his height in meters (kg/m2). BMI provides the most useful population-level measure of overweight and obesity as it is 
the same for different sexes and for all ages of adults.99–101

Control Variables
Based on the literature concerning factors influencing people’s perceived depression,18,21,23,29,31,40,47,57,58 this paper controls as 
comprehensively as possible for six categories of control variables that affect depression, including demographic characteristics, 
human capital characteristics, social characteristics, working characteristics, family characteristics, as well as regional and time 
fixed effects. (1) Demographic characteristics include age, quadratic term of age and gender. (2) Human capital characteristics 
include education level and whether the respondent is a migrant. (3) Social characteristics include whether living in urban, 
whether belonging to ethnic minorities, whether being religious believer and whether being Communist Party of China (CPC) 
members. (4) Working characteristics include income, whether having pension and whether having medical insurance. (5) 
Family characteristics include whether married, family size, number of children and number of housing assets. (6) Regional and 
time characteristics control provincial and year dummies. Descriptive statistics for above variables are shown in Table 1.

A preliminary statistical analysis of the relationship between BMI and perceived depression is performed, as 
illustrated in Figure 2. It is indicated that when individuals have a low BMI, the degree of predicted perceived depression 
drops as BMI increases. However, when BMI reaches 25.719, perceived depression begins to rise with BMI increasing. 
This result suggests that the relationship between BMI and depression is not likely to be linear, implying a nonlinearity 
between them, prompting a more rigorous investigation into their relationship in the following sections of this paper.

Methods and Research Design
This paper employs nationally representative cross-sectional data from China to conduct non-comparative statistical 
analysis. The analysis is based on the following model. Since the explanatory variable in this paper, perceived 
depression, is an ordinal indicator rather than a continuous one, the Ordered Probit model is used for benchmark 
regression. Specifically, individuals are divided into five groups based on their perceived depression. Groups g=1 to 5 
represent Perceived_depressioni =1, Perceived_depressioni =2, Perceived_depressioni =3, Perceived_depressioni =4 and 
Perceived_depressioni =5, respectively. The probability pgi of a given observation i in group g is

Among them, perceived depressioni refers to the respondents’ self-rated depression level. The main explanatory 
variables, BMIi and BMI_squaredi, represent people’s BMI and its quadratic term, respectively. xi0; dy and dr denote the 
vector of control variables, year dummy variables and province dummy variables, respectively. In expression (1), χ0 is 
� 1and χ5 is þ1. Φ �ð Þ is the standard normal cumulative distribution function in equation (2). Accordingly, the log- 
likelihood of the maximum likelihood estimation (MLE) is

where Ig Perceived depressionið Þ ¼
1 if Perceived depressioni ¼ g
0 if Perceived depressioni�g

�

and N is the sample size. Based on this, α1, α2 and 
ψ1 are estimated by maxα1;α2;ψ1 lnL.

In addition, various methods are used for robustness testing in this paper. To tackle the problem of measurement error 
in perceived depression, we construct a dummy variable “Whether depressed” to measure depression. Since the 
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dependent variable “Whether depressed” is a dummy with a value of 0 or 1, the Probit model is constructed for the 
estimation as follows.

Table 1 Descriptive Statistics

Variable Description Obs. Mean Std. Dev. Min Max

Dependent Variable

Perceived depression 1–5 levels 25,197 2.163 0.982 1 5

Explanatory Variables

BMI Body Mass Index (kg/m2) 25,253 22.987 3.987 13.061 39.698

BMI_squared Quadratic term of BMI 25,253 544.305 200.980 170.596 1575.895

Demographic Characteristics

Age Age 25,253 51.413 16.887 18 99

Age_squared Quadratic term of age 25,253 2928.452 1755.136 324 9801

Whether female Yes=1, No=0 25,253 0.531 0.499 0 1

Human Capital Characteristics

Education level 1–13 levels 25,241 5.108 3.279 1 13

Whether migrant Yes=1, No=0 25,183 0.139 0.346 0 1

Social Characteristics

Whether living in urban Yes=1, No=0 25,181 0.373 0.484 0 1

Whether ethnic minorities Yes=1, No=0 25,253 0.074 0.262 0 1

Whether religious believer Yes=1, No=0 25,253 0.105 0.307 0 1

Whether CPC member Yes=1, No=0 25,222 0.111 0.314 0 1

Working Characteristics

Ln_Income Logarithm of personal total income (RMB) 23,914 8.364 3.860 0 16.117

Whether having pension Yes=1, No=0 25,194 0.740 0.439 0 1

Whether having medical insurance Yes=1, No=0 25,218 0.928 0.258 0 1

Family Characteristics

Whether married Yes=1, No=0 25,253 0.752 0.432 0 1

Family size Number of members in the family 25,253 2.808 1.438 1 20

Number of children Number of children in the family 25,253 1.686 1.227 0 10

Number of houses Number of houses in the family 24,986 1.099 0.653 0 15

Year dummies

Province dummies

Notes: The education level is classified from 1 to 13: 1-without any education, 2-kindergarten, 3-primary school, 4-junior high school, 5-vocational high school, 
6-ordinary high school, 7-technical secondary school, 8-technical high school, 9-junior college (adult education), 10-junior college (regular education), 11- 
undergraduate (adult education), 12-undergraduate (regular education), 13-postgraduate and above.
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In expression (4), S is the set of all observations such that Whether_depressedi=1. In Equation (5), Φð�Þ is the standard 
normal cumulative distribution function. Based on this, β1, β2 and ψ2are estimated by maxβ1;β2;ψ2 lnL.

Furthermore, to test whether the U-shaped relationship between BMI and perceived depression depends on this 
assumption and model choice, the Ordered Logit model is applied by using Equation (6) to estimate the Pr �ð Þ function:

Meanwhile, to further test the robustness of the findings, we also conduct a robustness check using the following 
linear Ordinary Least Square (OLS) model:

Results
Benchmark Analysis
Benchmark estimation results of the Ordered Probit model are presented in Table 2. Column (1) does not include any 
control variables, where the coefficients of BMI and its quadratic term are both significant. The estimated coefficient of 
BMI is significantly negative, while that of BMI’s squared term is significantly positive, indicating a nonlinear relation-
ship between BMI and self-rated depression. Furthermore, when the demographic characteristics, human capital 
characteristics, social characteristics, working characteristics, family characteristics as well as regional and time fixed 
effects are sequentially controlled for in columns (2)-(6), the estimated coefficients of BMI and its quadratic term remain 
significant at the 1% level, meaning a very robust nonlinear association. Moreover, with adding different types of control 
variables, the coefficient of BMI basically stabilizes at around −0.1, and that of BMI squared remains constant at 0.002. 
These results further demonstrate that the nonlinear relationship between BMI and perceived depression is very robust 
and can hardly be disturbed by other factors.

Figure 2 Relationship between Body Mass Index and perceived depression.
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Specifically, according to the results in column (6) of Table 2, the estimated coefficient of BMI is −0.086 and that of BMI’s 
quadratic term is 0.002 after controlling all the characteristics in six aspects. This indicates that when individuals have a low 
BMI, the degree of perceived depression drops as BMI increases. However, when BMI reaches 25.719 (=0.0858498/ 
(0.001669*2)), perceived depression begins to rise with BMI increasing. According to World Health Organization standards, 
18.500 ≤ BMI < 25.000 is classified as healthy weight and 25.000 ≤ BMI < 30.000 is overweight. Therefore, when the upper 
limit of healthy weight is exceeded, a further increase in BMI leads to an increased depression. As a result, the relationship 
between BMI and perceived depression is U-shaped, with a negative association in the beginning followed by a positive link.

Furthermore, the marginal effects of BMI on perceived depression are presented in Figure 3. The figure clearly illustrates that 
when BMI is lower than 25.719, an increase in BMI has a positive association with the probability of being not depressed and 
mildly depressed. On the contrary, it has a negative connection with the likelihood of self-rating moderately depressed, very 
depressed and severely depressed. After BMI exceeds the inflection point of 25.719, the relationship between BMI and the 
possibility of being not depressed and mildly depressed become negative, while its association with the probability of self-rating 

Table 2 Benchmark Statistical Results

Model (1) Ordered 
Probit

(2) Ordered 
Probit

(3) Ordered 
Probit

(4) Ordered 
Probit

(5) Ordered 
Probit

(6) Ordered 
Probit

Variable Perceived 
depression

Perceived 
depression

Perceived 
depression

Perceived 
depression

Perceived 
depression

Perceived 
depression

BMI −0.108*** (0.011) −0.116*** (0.011) −0.103*** (0.011) −0.102*** (0.011) −0.098*** (0.011) −0.086*** (0.011)

BMI_squared 0.002*** (0.000) 0.002*** (0.000) 0.002*** (0.000) 0.002*** (0.000) 0.002*** (0.000) 0.002*** (0.000)

Age 0.020*** (0.002) 0.010*** (0.002) 0.015*** (0.003) 0.026*** (0.003) 0.025*** (0.003)

Age_squared −0.000*** (0.000) −0.000*** (0.000) −0.000*** (0.000) −0.000*** (0.000) −0.000*** (0.000)

Whether female 0.120*** (0.014) 0.084*** (0.014) 0.067*** (0.015) 0.062*** (0.015) 0.087*** (0.015)

Education level −0.027*** (0.003) −0.021*** (0.003) −0.019*** (0.003) −0.011*** (0.003)

Whether migrant −0.095*** (0.021) −0.080*** (0.022) −0.092*** (0.022) 0.012 (0.024)

Whether living in urban −0.210*** (0.016) −0.185*** (0.017) −0.172*** (0.017) −0.103*** (0.018)

Whether ethnic minorities 0.094*** (0.027) 0.084*** (0.027) 0.077*** (0.027) −0.067** (0.033)

Whether religious believer 0.037 (0.023) 0.030 (0.024) 0.026 (0.024) 0.051** (0.025)

Whether CPC member −0.172*** (0.025) −0.150*** (0.025) −0.127*** (0.026) −0.140*** (0.026)

Ln_Income −0.020*** (0.002) −0.019*** (0.002) −0.015*** (0.002)

Whether having pension −0.066*** (0.018) −0.061*** (0.018) −0.035* (0.018)

Whether having medical insurance 0.057* (0.030) 0.075** (0.030) 0.056* (0.031)

Whether married −0.180*** (0.019) −0.166*** (0.019)

Family size −0.021*** (0.005) −0.024*** (0.005)

Number of children 0.057*** (0.008) 0.031*** (0.008)

Number of houses −0.048*** (0.013) −0.033*** (0.013)

Year dummies No No No No No Yes

Province dummies No No No No No Yes

Observations 25,197 25,197 25,036 23,691 23,515 23,515

Pseudo R2 0.002 0.005 0.016 0.018 0.021 0.030

Notes: ***, **, and * Indicate significance at the levels of 1%, 5%, and 10%, respectively. The values in parentheses are standard errors robust to heteroskedasticity. Yes 
means the corresponding variables are controlled in the regression, while No means not controlled. Pseudo R2 is reported for nonlinear models to assess goodness of fit.
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moderately depressed, very depressed and severely depressed are positive. These results obviously demonstrate that the relation-
ship between BMI and perceived depression is not simply linear, but exhibits a U-shaped relationship.

Robustness Checks
Additionally, to check the reliability of the nonlinear association between BMI and perceived depression found in the 
benchmark analysis, robustness tests are conducted from multiple aspects, such as tackling the problem of measurement 
error in perceived depression, dealing with outliers of BMI, testing the robustness of the U-shaped curve, and applying 
different statistical models for estimation.

Robustness Checks: Dealing with Measurement Error in Perceived Depression
CGSS uses a 5-point adjectival scale to measure self-rated depression, but this ordinal index may suffer from measurement 
error problems because respondents might have varied understandings of the depression levels represented by the given 
options. For example, respondents may have trouble distinguishing the difference between very depressed and severely 
depressed. Two actually similar depression levels could be reported as “very depressed” by one respondent and “severely 
depressed” by another. To address this problem, a dummy variable measuring the degree of depression is constructed, 
denoted as “Whether depressed”. When the respondent answers moderately depressed, very depressed or severely depressed, 
“Whether depressed” is assigned a value of 1, and 0 otherwise. Through this approach, the problem of measurement error is 
largely avoided. This is because although two individuals may not be able to consistently differentiate between very 
depressed and severely depressed, their judgment criterion of whether they are depressed or not is similar. The results in 
column (1) of Table 3 reveal a significantly negative estimated coefficient for BMI and a positive coefficient for the quadratic 
BMI when the dummy variable is used to measure perceived depression. In columns (2)-(6), when demographic character-
istics, human capital characteristics, social characteristics, working characteristics, family characteristics, as well as regional 
and time fixed effects are sequentially included, the estimated coefficients of both BMI and its quadratic term remain 
significant at the 1% level. This further confirms the U-shaped relationship between BMI and perceived depression, and 
indicates that this nonlinearity is not affected by the potential measurement error of perceived depression.

Figure 3 Marginal relationship between body mass index and perceived depression. Five lines in this figure depict the marginal associations between Body Mass Index and 
the probabilities of being “Not Depressed”, “Mildly Depressed”, “Moderately Depressed”, “Very Depressed” and “Severely Depressed”, respectively.
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Robustness Checks: Dealing with Outliers of BMI
During the process of questionnaire survey, respondents may misreport their height or weight because of various reasons 
such as misunderstanding, resulting in outliers in BMI. Such outliers may cause the model to fail to accurately estimate 
the relationship BMI and depression. To address this issue, this paper tests the nonlinear relationship between BMI and 
perceived depression based on dealing with outliers with three methods. First, we winsorize the BMI index by setting 
extreme outliers equal to a specified percentile of the data. Specifically, we rank the BMI data from smallest to largest 
and then replace the 3% highest and 3% lowest values by the next value counting inwards from the extremes, 
constructing a new index, denoted as BMI_win_03. Similarly, 5% of the highest and lowest values are replaced to 
obtain a new BMI index, referred to as BMI_win_05. Results of the regression analysis applying the two winsorized BMI 
indexes are shown in columns (1)-(2) of Table 4. It is indicated that the coefficients of BMI and its quadratic term remain 
significant after the outliers are winsorized, respectively.

Table 3 Robustness Checks: Dealing with Measurement Error in Perceived Depression

Model (1) Probit (2) Probit (3) Probit (4) Probit (5) Probit (6) Probit

Variable Whether 
depressed

Whether 
depressed

Whether 
depressed

Whether 
depressed

Whether 
depressed

Whether 
depressed

BMI −0.116*** (0.013) −0.125*** (0.013) −0.113*** (0.013) −0.117*** (0.014) −0.113*** (0.014) −0.097*** (0.014)

BMI_squared 0.002*** (0.000) 0.002*** (0.000) 0.002*** (0.000) 0.002*** (0.000) 0.002*** (0.000) 0.002*** (0.000)

Demographic characteristics No Yes Yes Yes Yes Yes

Human capital characteristics No No Yes Yes Yes Yes

Social characteristics No No Yes Yes Yes Yes

Working characteristics No No No Yes Yes Yes

Family characteristics No No No No Yes Yes

Year dummies No No No No No Yes

Province dummies No No No No No Yes

Constant 1.042*** (0.160) 0.445*** (0.165) 0.779*** (0.173) 0.804*** (0.185) 0.628*** (0.190) 0.043 (0.199)

Observations 25,197 25,197 25,036 23,691 23,515 23,515

Pseudo R2 0.003 0.009 0.023 0.026 0.031 0.043

Notes: ***Indicates significance at the level of 1%. The values in parentheses are standard errors robust to heteroskedasticity. Yes means the corresponding variables are 
controlled in the regression, while No means not controlled. Pseudo R2 is reported for nonlinear models to assess goodness of fit.

Table 4 Robustness Checks: Dealing with Outliers of BMI

Model (1) Ordered 
Probit

(2) Ordered 
Probit

(3) Ordered 
Probit

(4) Ordered 
Probit

(5) Ordered 
Probit

Variable Perceived depression Perceived depression Perceived depression Perceived depression Perceived depression

BMI_win_03 −0.133*** (0.023)

BMI_win_03_squared 0.003*** (0.000)

BMI_win_05 −0.148*** (0.029)

BMI_win_05 _squared 0.003*** (0.001)

BMI_del_03 −0.079** (0.031)

(Continued)
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Second, we also perform the robustness checks by removing the outliers. Specifically, 3% or 5% of the maximum and 
minimum BMI observations are deleted from the data to obtain BMI_del_03 and BMI_del_05, respectively. Regression 
results using the new BMI measures are shown in columns (3)-(4) of Table 4, indicating that the estimated coefficients of 
BMI and its squared term are still significant. Third, taking logarithmic transformation can reduce the range of variables 
and thus limit the impact of outlying values on model fitting. We take the logarithm of the BMI index and obtain ln_BMI, 
reducing the range of variables and thus limit the impact of outlying values on model fitting. Column (5) of Table 4 
reveals that the estimated coefficients of both ln_BMI and ln_BMI_squared are significant at a 1% level. All these 
robustness checks demonstrate that the nonlinear relationship between BMI and perceived depression is not disturbed by 
outliers, regardless of which method is employed to address this problem.

Robustness Checks: Testing the Robustness of the U-Shaped Relationship
Next, we further check whether the nonlinearity between BMI and perceived depression is truly a U-shaped relationship 
in the following two ways. First, to answer the question of whether the nonlinear relationship between BMI and 
depression is second-order or higher-order with more than one turning point, a cubic term of BMI is added to the 
model to test for a higher-order relationship. The results in columns (1)-(2) of Table 5 indicate that, regardless of whether 

Table 5 Robustness Checks: Testing the Robustness of the U-Shaped Relationship

Model (1) Ordered Probit (2) Probit (3) Ordered Probit (4) Probit (5) Ordered Probit (6) Probit

Sample Full Sample Full Sample BMI ≤ 25.719 BMI ≤ 25.719 BMI ≤ 25.719 BMI ≤ 25.719

Variable Perceived depression Whether depressed Perceived depression Whether depressed Perceived depression Whether depressed

BMI −0.036 (0.057) −0.017 (0.070) −0.018*** (0.003) −0.018*** (0.004) 0.020*** (0.005) 0.028*** (0.006)

BMI_squared −0.000 (0.002) −0.001 (0.003)

BMI_cubed 0.000 (0.000) 0.000 (0.000)

All control variables Yes Yes Yes Yes Yes Yes

Observations 23,515 23,515 18,831 18,831 4684 4684

Pseudo R2 0.030 0.043 0.029 0.041 0.038 0.061

Notes: ***Indicates significance at the level of 1%. The values in parentheses are standard errors robust to heteroskedasticity. Yes means the corresponding variables are 
controlled in the regression. Pseudo R2 is reported for nonlinear models to assess goodness of fit.

Table 4 (Continued). 

Model (1) Ordered 
Probit

(2) Ordered 
Probit

(3) Ordered 
Probit

(4) Ordered 
Probit

(5) Ordered 
Probit

BMI_del_03 _squared 0.001** (0.001)

BMI_del_05 −0.080** (0.040)

BMI_del_05 _squared 0.002* (0.001)

Ln_BMI −5.217*** (0.840)

Ln_BMI _squared 0.817*** (0.135)

All control variables Yes Yes Yes Yes Yes

Observations 23,515 23,515 22,104 21,163 23,515

Pseudo R2 0.030 0.030 0.029 0.028 0.030

Notes: ***, **, and * Indicate significance at the levels of 1%, 5%, and 10%, respectively. The values in parentheses are standard errors robust to heteroskedasticity. Yes 
means the corresponding variables are controlled in the regression. Pseudo R2 is reported for nonlinear models to assess goodness of fit.
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perceived depression is measured by a 5-point Likert scale or a dummy variable with values of 0 and 1, the estimated 
coefficients for BMI, its quadratic, and cubic terms are all insignificant. This reveals that there are strong multi-
collinearities among the three variables, resulting in high standard errors of the estimation. Therefore, the cubic term 
of BMI should not be further added to the regression, suggesting that there is only one turning point between BMI and 
depression.

Second, following existing literature,102 to further examine whether the relationship between BMI and perceived 
depression is truly a U-shaped relationship, this paper tests samples on both sides of the inflection point (BMI = 25.719) 
separately. Specifically, with BMI as the explanatory variable and depression as the dependent variable, we conduct 
regressions on two subsamples of BMI ≤ 25.719 and BMI > 25.719, respectively. If the estimated coefficient of BMI on 
the left side of the turning point is significantly negative while positive on the right side, then this would be evidence that the 
relationship between BMI and depression is indeed U-shaped. Columns (3)-(4) of Table 5 indicate that the estimated 
coefficient of BMI is significantly negative at the 1% level on the left side of the inflection point (25.719), with either 
indicator used to measure perceived depression. In contrast, results from columns (5)-(6) suggest that the estimated coefficient 
of BMI is significantly positive at the 1% level on the right side of the turning point. These results further confirm that the 
relationship between BMI and perceived depression is not a higher-order pattern with more than one turning point, but instead 
a U-shaped relationship, characterized by a negative correlation initially followed by a positive association.

Robustness Checks: Using Other Statistical Models
In the benchmark regression, the Ordered Probit model is used to estimate the relationship between BMI and depression. 
To exclude the impact of model selection on regression results, the Ordered Logit model and linear Ordinary Least 
Square (OLS) model are applied in this paper.

Table 6 demonstrates the results of the regression using above Ordered Logit model. Column (1) presents that the 
estimated coefficients of both BMI and its quadratic term are significant at the 1% level without incorporating any control 
variables, where the signs of the coefficients are consistent with those in the benchmark regressions. Columns (2)-(6) 
indicate that the significance of these results remains the same when six types of control variables are added. Table 7 
shows the results of the regressions using OLS model. Columns (1)-(6) reveal that the estimated coefficients for BMI and 

Table 6 Robustness Checks: Using Ordered Logit Model

Model (1) Ordered 
Logit

(2) Ordered 
Logit

(3) Ordered 
Logit

(4) Ordered 
Logit

(5) Ordered 
Logit

(6) Ordered 
Logit

Variable Perceived 
depression

Perceived 
depression

Perceived 
depression

Perceived 
depression

Perceived 
depression

Perceived 
depression

BMI −0.190*** (0.018) −0.203*** (0.019) −0.182*** (0.019) −0.182*** (0.020) −0.176*** (0.020) −0.155*** (0.020)

BMI_squared 0.004*** (0.000) 0.004*** (0.000) 0.003*** (0.000) 0.003*** (0.000) 0.003*** (0.000) 0.003*** (0.000)

Demographic characteristics No Yes Yes Yes Yes Yes

Human capital characteristics No No Yes Yes Yes Yes

Social characteristics No No Yes Yes Yes Yes

Working characteristics No No No Yes Yes Yes

Family characteristics No No No No Yes Yes

Year dummies No No No No No Yes

Province dummies No No No No No Yes

Observations 25,197 25,197 25,036 23,691 23,515 23,515

Pseudo R2 0.002 0.005 0.016 0.018 0.021 0.031

Notes: ***Indicates significance at the level of 1%. The values in parentheses are standard errors robust to heteroskedasticity. Yes means the corresponding variables are 
controlled in the regression, while No means not controlled. Pseudo R2 is reported for nonlinear models to assess goodness of fit.
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its squared term remain significant at the 1% level, regardless of whether control variables are included or not. This 
provides further evidence that the U-shaped relationship between BMI and perceived depression is very robust and does 
not depend on a specific statistical model for estimation.

Heterogeneity Analysis
This paper further examines the heterogeneity of the nonlinear relationship between BMI and perceived depression in 
several aspects and the results are shown in Figure 4. First, in terms of age, the older cohort aged 45 years and above 
generally has higher levels of perceived depression than their counterparts. This implies that older individuals are more 
likely to suffer from mental health problems, consistent with the established literature.22–24 In addition, the inflection 
point of the U-shaped relationship between BMI and perceived depression is significantly larger in the older group 
(26.829) than that in the younger group (23.380), potentially due to the fact that younger people are more concerned 
about their outward appearance and obesity, thus making their mental health more sensitive to BMI. In terms of gender 
heterogeneity, findings suggest that women have higher perceived depression, which is consistent with the existing 
literature.19 Moreover, the U-shaped relationship’s turning point is larger in men (27.265) than in women (25.872), 
implying that females have more anxiety about BMI than males. With regards to education, those with a bachelor degree 
or higher have lower perceived depression, and this finding is supported by the literature.30 The reason for this may be 
that better education comes with a higher level of health literacy, which are associated with better mental health.28,29,103

Furthermore, the findings suggest that the unmarried population shows higher perceived depression than the married 
subgroup. This is in line with existing literature that married people have less chance for depression than those 
categorized as single, widowed, separated or divorced, because marriage provides social support - including emotional, 
financial, and instrumental support.58 Meanwhile, the inflection point of the U-shaped relationship between BMI and 
perceived depression is lower in unmarried individuals. This may be because married individuals, who do not need to 
compete in the marriage market, care less about BMI, whereas the unmarried population has higher anxiety when it 
comes to obesity. Moreover, the findings suggest that rural residents have significantly higher perceived depression than 
those in urban areas when considering regional heterogeneity. This may be attributed to the fact that in developing 

Table 7 Robustness Checks: Using OLS Model

Model (1) OLS (2) OLS (3) OLS (4) OLS (5) OLS (6) OLS

Variable Perceived 
depression

Perceived 
depression

Perceived 
depression

Perceived 
depression

Perceived 
depression

Perceived 
depression

BMI −0.100*** (0.010) −0.107*** (0.010) −0.094*** (0.010) −0.092*** (0.011) −0.089*** (0.011) −0.077*** (0.010)

BMI_squared 0.002*** (0.000) 0.002*** (0.000) 0.002*** (0.000) 0.002*** (0.000) 0.002*** (0.000) 0.002*** (0.000)

Demographic characteristics No Yes Yes Yes Yes Yes

Human capital characteristics No No Yes Yes Yes Yes

Social characteristics No No Yes Yes Yes Yes

Working characteristics No No No Yes Yes Yes

Family characteristics No No No No Yes Yes

Year dummies No No No No No Yes

Province dummies No No No No No Yes

Constant 3.433*** (0.126) 2.940*** (0.128) 3.251*** (0.129) 3.213*** (0.137) 3.087*** (0.140) 2.526*** (0.143)

Observations 25,197 25,197 25,036 23,691 23,515 23,515

Adjusted R2 0.004 0.014 0.042 0.047 0.054 0.074

Notes: ***Indicates significance at the level of 1%. The values in parentheses are standard errors robust to heteroskedasticity. Yes means the corresponding variables are 
controlled in the regression, while No means not controlled. Adjusted R2 is reported for linear models to assess goodness of fit.
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countries such as China, residents in rural areas have lower income and living standards than their counterparts, making 
them more prone to developing depression.46 In the CGSS data used in this paper, the per capita annual income of urban 
residents (RMB 85,641.02) is approximately twice as large as that of rural residents (RMB 36,288.82). However, the 
difference between the inflection points in the urban and rural subsamples is not very significant. With regard to race 
heterogeneity, the analysis indicates that ethnic minorities experience higher levels of depression, which is in accordance 
with the existing literature. One possible explanation for this could be their poorer access to mental health resources.42,43

Political identity heterogeneity is found to have an impact on self-rated depression, Communist Party of China (CPC) 
members generally have lower levels of depression levels than non-party members. This may be because CPC members 
typically have more political and social capital, which reduces their risk of depression.104 Another possible explanation is 
that they tend to receive better education, and higher levels of education can lower their risk of depression.30 This can be 
supported by the CGSS data, where party members averagely have significantly higher education levels (7.65) compared 
to non-party members (4.79). When it comes to income heterogeneity, the lower income subgroup whose income is 
below the median generally suffers higher perceived depression than their counterparts, as indicated by the existing 
literature.44 In addition, the inflection points of the U-shaped curve between BMI and perceived depression are very close 

Figure 4 Heterogeneities in the nonlinear relationship between body mass index and perceived depression. (A) Age heterogeneity: relationship between BMI and perceived 
depression among individuals under 45 years old and those with 45 years or older. (B) Gender heterogeneity: relationship between BMI and perceived depression among 
females and males. (C) Education heterogeneity: relationship between BMI and perceived depression among individuals with higher education level (having bachelor’s degree 
and above) and those with lower education level (having no bachelor’s degree and above). (D) Marital status heterogeneity: relationship between BMI and perceived 
depression among married and unmarried individuals. (E) Regional heterogeneity: relationship between BMI and perceived depression among urban and rural residents. (F) 
Ethnicity heterogeneity: relationship between BMI and perceived depression among ethnic minorities and non-minorities. (G) Political identity heterogeneity: relationship 
between BMI and perceived depression among CPC members and non-CPC individuals. (H) Labor income heterogeneity: relationship between BMI and perceived 
depression among individuals with labor income below the median and their counterparts. (I) Social security heterogeneity: relationship between BMI and perceived 
depression among individuals having pension and those without pension. 
Abbreviations: BMI, Body Mass Index; CPC, Communist Party of China.
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for both groups. Regarding social security, individuals without pension insurance have higher perceived depression. 
Moreover, the turning point of the U-shaped curve (27.040) is larger for those with pension insurance. This is probably 
because social security helps people to better cope with health risks, thus alleviating mental health problems associated 
with high or low BMI levels.50

Discussion
The goal of this paper is to systematically investigate the nonlinear relationship between BMI and perceived depression by 
applying a large-scale and nationally representative dataset, which comprises respondents with different socio-demographic 
backgrounds. Existing literature mainly examines the linear relationship between BMI and depression, but the results are 
contradictory. Some studies indicate a positive association between the two factors, suggesting a greater BMI leading to an 
increase in depression.7,8,88 Other research reports a negative correlation, implying that larger BMI is linked to reduced 
depression levels.105 Additionally, there also exist studies finding an insignificant correlation,12 indicating that the relationship 
between them may not be simply linear. This paper clarifies the association between BMI and perceived depression and 
confirms a nonlinear U-shaped relationship based on rigorous statistical tests on a large-scale representative dataset.

Very limited existing studies consider the nonlinear relationship between BMI and depression, while most of them 
focusing only on certain subgroups such as underweight individuals,13 students,14 or the elderly.15 Although these studies 
all find some evidence of a nonlinear relationship between BMI and depression, limited samples can hardly suffice to 
answer questions such as whether the relationship is nonlinear for the entire population and if there exists a more 
complex nonlinear relationship with multiple inflection points. In comparison, this paper uses a large-scale and nationally 
representative sample, covering the whole adult population over the age of 18. This facilitates a more systematic and in- 
depth exploration of the true relationship between BMI and depressive disorders. Results of this paper confirm that there 
is a U-shaped relationship between BMI and self-rated depression in the entire adult population.

Furthermore, there is a lack of systematic studies rigorously testing the reliability of the nonlinear relationship between BMI 
and perceived depression. Most research in this area relies on descriptive statistical methods and analysis of variance.2,13,16,17 

This leads to the discussion about this nonlinear relationship failing to clarify the type of the nonlinearity, whether it is reliable, 
and whether there exists a more complex association. In this study, we examine the robustness of the nonlinear relationship 
between BMI and depression employing various statistical methods, including dealing with measurement error in perceived 
depression, addressing outliers of BMI, testing the reliability of the U-shaped, and applying different statistical models. All 
these tests support the conclusion of this study that there is a U-shaped nonlinear relationship between BMI and self-rated 
depression. Besides, results verify that the relationship between BMI and self-rated depression is not a higher-order relationship 
with more than one turning point, but instead a U-shaped relationship, characterized by a negative correlation initially followed 
by a positive association. On this basis, the inflection point of the U-shaped curve (25.719) is calculated, which is slightly above 
the upper boundary of the range of healthy weight (18.500 ≤ BMI <25.000) defined by the World Health Organization.

Additionally, this study also analyzes the heterogeneity of the U-shaped relationship between BMI and perceived 
depression from multiple perspectives. Existing literature reveals variations in BMI and perceived depression among 
individuals with different genders, ages, income levels, and ethnicities.13,16,17 Findings of the heterogeneity analysis of 
this study in these aspects can be supported by above existing literature. Moreover, this paper examines the heterogeneity of 
the nonlinear relationship between BMI and perceived depression from additional perspectives and compares differences in 
the turning point across subgroups. The results indicate that individuals who are older, female, with lower education levels, 
unmarried, living in rural areas, belonging to ethnic minorities, non-Communist Party of China members, having lower 
income, and uncovered by pension insurance tend to have higher perceived depression at almost all BMI levels. Meanwhile, 
these subgroups have smaller inflection points and their self-rated depression is more sensitive to BMI.

Implication
This study has important practical implications for a more objective understanding of the relationship between BMI and 
depression, as well as for improving mental health. From a clinical perspective, healthcare providers play a vital role in 
assessing mental health of patients with high or low BMI. First, this study implies that when using BMI to predict the risk 
of depression, variations in their relationship should be taken into account across different BMI categories. Traditionally, 
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overweight is considered as a major risk factor for depression.7,8,81 However, the results of this study also highlight the 
importance of paying attention to the underweight population, which may also suffer from a higher level of depression. 
Therefore, healthcare providers should consider screening for depression in patients with BMI values outside the healthy 
weight range defined by the World Health Organization.

Second, healthcare providers should pay special attention to vulnerable subgroups, including those who are older, 
female, with lower education levels, unmarried, living in rural areas, belonging to ethnic minorities, non-Communist 
Party of China members, having lower income, and uncover by social security. Since these subgroups have a higher risk 
of depression and their self-rated depression is more sensitive to BMI, healthcare providers should be aware of these risk 
factors and incorporate them into their evaluation of patients. Third, collaborative care models involving primary care 
and mental health professionals can help improve the detection and management of depression in individuals with high or 
low BMI values. A multidisciplinary approach can help address the complex interplay between BMI and depression and 
provide more comprehensive care to vulnerable subgroups. For example, a patient with a high/low BMI and depression 
may benefit from a combination of weight management strategies and therapy or medication for their depression.

From a health education perspective, promoting healthy weight management should be a priority. This research 
demonstrates that the risk of depression is lowest around the inflection point of the U-shaped curve (25.719), 
which helps to clarify the management goal of appropriate BMI from a mental health perspective, suggesting that 
being around the upper limit of the range of healthy weight (18.500 ≤ BMI <25.000) is beneficial to achieve the 
lowest perceived depression on average. Health educators should help individuals understand the benefits of 
maintaining a healthy weight and how it can reduce their risk of depression. Second, this study finds that both 
very high and very low BMI are associated with high risk of depression, and so health educators should also work 
to dispel myths and misconceptions about weight and depression. For example, it is important to emphasize that 
being thin does not automatically make someone happier, and instead, a balanced, healthy lifestyle that includes 
regular physical activity, healthy eating habits, and stress management is crucial for mental health.

Third, the research findings suggest that certain subgroups are more vulnerable to depression risk factors, such as lower 
education, lower income, belonging to ethnic minorities and so on. Therefore, health educators should raise awareness of these 
risk factors among people and encourage them to seek help if they experience depressive symptoms. Moreover, health education 
programs can also provide information on resources for individuals who may need support, such as mental health services or 
community organizations.

Limitation
This study has the following shortcomings, including the fact that although the indicator of perceived depression in this paper 
is also widely used in the existing literature,106–110 it may not be the most effective measure of depression. To enhance the 
study’s findings, it would be beneficial to incorporate other depression indexes based on more reliable scales, as this would 
enable a more comprehensive understanding of depression within the context of the study, leading to more accurate and 
reliable conclusions. Second, the use of cross-sectional data in this study limits our ability to establish causality and explore 
the dynamic relationship between BMI and perceived depression over time. While the CGSS dataset offers a large sample 
size and national representativeness, panel data would allow for a better control of individual fixed effects and enable the 
investigation of the longitudinal effects of BMI on depression. Third, the study’s findings are limited by the fact that while the 
estimates are statistically significant, Pseudo R2 are quite small, suggesting that the predictors included in the analysis may 
not fully capture the complexity of the relationship between the variables. It is possible that additional variables or more 
sophisticated modeling techniques could increase the explanatory power of the model.

Future Research Direction
To better understand the relationship between BMI and depression, future research should focus on addressing the 
limitations of previous studies. First, researchers could explore the use of other depression indexes based on better 
scales to improve the reliability of results. Objective measures such as clinical diagnoses or validated scales like 
the Patient Health Questionnaire or the Beck Depression Inventory could be utilized to provide more comprehen-
sive and accurate data on depression. In addition, researchers could use Online Photovoice (OPV) as an important 
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method. OPV would provide opportunities for participants to express their experiences with as little manipulation 
as possible, compared to traditional quantitative methods,111–113 thus providing a more nuanced and personal 
understanding of the relationship between BMI and depression, especially in the Chinese context.

Second, future studies should consider utilizing panel data to better control for individual fixed effects and explore the 
dynamic characteristics of the relationship between BMI and depression over time. Longitudinal studies can provide more 
accurate and detailed insights into how changes in BMI and depression are interrelated and how they may influence each other 
over time, which would allow researchers to gain a more in-depth understanding of the relationship between BMI and 
depression. Third, future research could focus on incorporating more control variables into the analysis as more data become 
available. This could involve identifying potential confounding variables that could influence the relationship between the 
variables of interest, and including them in the analysis to better isolate the effects of the predictors under investigation. Such 
an approach may help to increase the accuracy and robustness of the model, providing a more comprehensive understanding of 
the relationship between BMI and perceived depression.

Conclusion
This study empirically analyzes the relationship between BMI and perceived depression using data from Chinese General 
Social Survey (CGSS). To examine the nonlinear relationship between the two factors, BMI and its squared term are both 
included in the regression analysis. The results indicate that, first, the estimated coefficients of both BMI and its quadratic 
term are significant, and the estimated coefficient of BMI is significantly negative while that of BMI’s squared term is 
positive. This implies a nonlinear U-shaped relationship between BMI and perceived depression.

Second, the inflection point (25.719) of the U-shaped association is very close to while slightly higher than the upper limit 
of the range of healthy weight (18.500≤BMI<25.000) classified by the World Health Organization. This demonstrates that, on 
the left side of the turning point, depression drops with BMI increasing, meaning that a very small BMI can be associated with 
more depressive disorders. Roughly after exceeding the healthy weight limit, further rises in BMI increase the level of 
perceived depression. Therefore, both too large and too small BMI are associated with depressive symptoms. Third, the 
U-shaped relationship between BMI and perceived depression is very robust when dealing with measurement error in 
perceived depression, addressing outliers of BMI, testing the reliability of the U-shaped curve, and applying a variety of 
statistical models. Fourth, results of the heterogeneity analysis indicate that perceived depression is higher at almost all BMI 
levels among individuals who are older, female, lower educated, unmarried, in rural areas, belonging to ethnic minorities and 
non-Communist Party of China members, as well as those with lower income and uncovered by social security. Besides, these 
subgroups have smaller turning points and their self-rated depression is more sensitive to BMI.
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