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Abstract 

Background:  Previous studies, predominantly in Western individuals, have reported weight gain or weight loss are 
related to the increased depressive symptoms at all ages, but no study of depressive symptoms has examined its rela‑
tion to actual (not just self-reported) weight changes in the middle-aged and older adults. Evidence of the relation‑
ship in older Asian individuals remains sparse. The study aimed to examine the relationship between weight changes 
and incidence of depressive symptoms in a nationally representative sample of community-dwelling older Asians.

Method:  Data were obtained from the China Health and Retirement Longitudinal Study (CHARLS), which included 
17,284 adults aged 45 years. Participants were followed every two years using a face-to-face, computer-aided per‑
sonal interview (CAPI) and structured questionnaire. We excluded participants with no follow-up data. The numbers 
of individuals who completed both the baseline and follow-up surveys were 3118 for the short-term (two years from 
2011–2013) and the long-term (four years from 2011–2015). Additionally, to associate weight change with subse‑
quent depressive symptoms, we also included 2472 participants without depressive symptom in 2013 and observed 
the incidence of depressive symptom in 2015 (subsequent term from 2013–2015). Finally, weight changes were classi‑
fied as loss > -3%, stable-3–3%, gain3-6%, gain6-9%, and gain > 9%. Multivariable-adjusted cox regression in the study 
were used to assess the hazard ratios (HRs) of each weight change category.

Results:  The incidence of depressive symptoms was 20.72% in the 2011–2013, 27.04% in the 2011–2015, and 23.02% 
in 2013–2015. Weight loss > 3% for all intervals was associated with higher depressive symptoms than stable weight 
during the 2011–2013 [1.305(1.031,1.651)] among the total populations. When stratified by sex, the results in males 
and females were different from those in the total population [females:1.389(0.997, 1.935); males:1.263(0.902, 1.767)]. 
Weight loss > 3% for intervals was associated with higher depressive symptoms than stable weight during the 2013–
2015[1.643(1.140, 2.368)] among the males and its effect was also stronger for the total in 2011–2013. Moreover, there 
was no significant association between weight gain and incident depressive symptom, and no significant interaction 
effect in terms of the sex*weight changes.
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Background
The depressive symptom is a common psychological dis-
order condition that represents a serious burden world-
wide. Approximately 322 million people worldwide 
suffer from depressive symptom [1]. Weight change over 
the course of several years is often a good predictor of 
depressive symptom in adolescence [2] and adult [3]. It 
has been shown to predict the incidence of depressive 
symptom better than a single weight assessment, particu-
larly in old age [4–6]. However, previous studies findings 
on the association between weight change and depressive 
symptom have been inconsistent. Moreover, the effect of 
weight change on depressive symptom can be influenced 
by several factors such as demographic characteristics, 
living habits, health status, and baseline body mass index.

A recent meta-analysis [7] conducted with 53 studies 
including 12 cohort studies and 41 cross-sectional studies 
showed that underweight and obesity increased the risk 
of depression, and the relationship between overweight 
and depression differed by sex. Furthermore, the cohort 
studies showed a significant increase overall hazard ratios 
(HRs) of depression in underweight, while those showed 
no statistically significant relationship with depression in 
overweight. In subgroup analyses, it was found different 
results according to sex (men: HR = 0.84, 95%CI 0.72–
0.97, women: HR = 1.16, 95%CI 1.01–1.25). In cross-sec-
tional studies, obesity with BMI ≥ 40  kg/m2 (OR = 1.18, 
95%CI 1.11–1.26) showed a greater pooled odds ratio 
(OR) than obesity with BMI ≥ 30  kg/m2(OR = 1.59, 
95%CI 1.12–2.24). Although the meta-analysis included 
cohort studies and cross-sectional studies and high-
lighted the potential adverse effect of weight change on 
depression, particularly weight loss, no considerations of 
the weight change over the course of several years in dif-
ferent studies were made.

In addition, the other meta-analysis performed for the 
15 studies by Luppino FS, de Wit LM, Bouvy PF, et  al. 
[8] found that obesity increased the risk of depression 
among Americans and Europeans, yet the meta-analy-
sis only included Western participants, and no consid-
erations of other ethnicities, such as Asians. Moreover, 
there was no analysis focusing on underweight partici-
pants. It was uncertain whether underweight affects 
depression in nationwide cohort participants or whether 
obesity was associated with depression. Thus, further 
studies among the middle-aged and older adults in Asian 

nations are needed to identify whether the relationship 
between weight change and incidence of depression in 
Asian participants differs from that observed in Western 
participants.

To address these gaps, we used four years of longitu-
dinal data from the nationally representative sample 
of community-dwelling Chinese participants aged45 
years and explored to examine the relationship between 
weight changes, including loss and gain, and incidence 
of depressive symptom during short–term (two years), 
long-term (four years), and subsequent term (two years) 
internals. Furthermore, our study explores the stability of 
the association between weight changes and depressive 
symptom by sex on Asians.

Materials and methods
Study participants
We obtained the data from The China Health and 
Retirement Longitudinal Study (CHARLS). The 
CHARLS began in 2011 with a cohort of 17,284 partici-
pants ≥ 45  years (Wave1). Subsequently, data collection 
was conducted in 2013(Waves2), 2015(Waves3), and 
2018(Wave4). CHARLS was a nationally representative 
longitudinal survey of the mid-aged and older adults in 
China along with their spouses. The respondents will be 
followed every two years using a face-to-face, computer-
aided personal interview (CAPI) and structured ques-
tionnaire. The current study used data from participants 
who participated in Wave1, Waves2, and Waves3. We 
excluded individual who met any of the following crite-
ria at baseline (1) CESD-10 scores 10, (2) no BMI data, 
(3) no age/sex/educational levels/marital status/smoking 
status/alcohol consumption/exercise/diseases/live place/
activities data. In addition, we excluded participants 
with no follow-up data. The numbers of individuals who 
completed both the baseline and follow-up surveys were 
3118 for the short-term (2011–2013) and the long-term 
(2011–2015). Additionally, to associate weight change 
with subsequent depressive symptoms [associate the 
weight changes between 2011 and 2013 (exposure) with 
development of depression between 2013 and 2015(out-
come)], we also included 2472 participants without 
depressive symptom in 2013 and observed the incidence 
of depressive symptom in 2015 (subsequent term 2013–
2015). Figure 1 shows a flow diagram of the study indi-
viduals, follow-up, and lost to follow-up.

Conclusion:  Our findings could inform health promotion interventions to body-weight management aimed at 
improving the health of the middle-aged and older adults, particularly in the total people with short-term weight loss 
and males with subsequent term weight loss.

Keywords:  Cohort study, Depressive symptoms, Incidence, Middle-aged and older adults, Weight change
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Definition of depressive symptom
Based on the Chinese version of the Center for Epide-
miologic Studies-Depression scale (CES-D), we used 
CES-D to define depressive symptom. It consists of 10 
items, the total score ranges from 0 to 30, with a higher 
total score indicating more severe depressive symp-
toms. We used harmonized criteria cutoff values (total 
scores ≥ 10) to define depressive symptom. In our study, 
the Cronbach alpha coefficient was 0.86 and the con-
struct validity was 0.62 [9, 10]. The Chinese version of 
the CES-D has shown good reliability and validity in the 
middle-aged and older adults.

Weight changes
Height was measured by the vertical height meter, and 
weight was measured with a digital weight scale. Body 
mass index (BMI) was calculated as weight in kilograms 
divided by height in meters squared in our study. We 
used three weight changes indicators according to the 
interval over which the changes were assessed: short-
term (two years from 2011 to 2013), long-term (four 
years from 2011 to 2015) and subsequent term (two years 
from 2013 to 2015). The percentages of weight changes 
between the baseline and the follow-up surveys, based on 

the baseline body mass index, was calculated. We classi-
fied the percentages of weight changes into five catego-
ries [4]: loss > -3%, stable-3–3%, gain3-6%, gain6-9%, and 
gain > 9%.

Covariates
Covariates included age, sex, education, marital status, 
current residence, smoking status, alcohol consump-
tion, exercise, diseases, activities at baseline, and entry 
wave (Wave 1, 2, 3) were incorporated as covariates in 
our study. Age was categorized into four groups: 45–54, 
55–64, 65–74, and ≥ 75 years old. Sex was classified into 
two categories: male and female. Education was defined as 
illiterate, or less than elementary school, or high school, or 
above vocational school. Marital status was defined as the 
married or the single (divorced, and never married, wid-
owed, or separated). Current residence was categorized 
into the rural and urban. Smoking status was defined as 
never smoker or former-smoker or current smoker. Alco-
hol consumption was categorized into the never drinker, 
less than once a month drinker, and more than once a 
month drinker. Exercise was categorized three groups: 
no exercise, less than regular exercises, and regular exer-
cises. Taking activities including (1) communicating with 

Fig. 1  Flow chart of the study participants
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friends or providing help to neighbors, friends, or fam-
ily, or (2) doing a sport, social, or other kind of club or 
playing Ma-jong, or (3) playing played cards, chess, or 
going to community club, or (4) taking part in a com-
munity-related organization, or (5) doing voluntary or 
charity work, or (6)caring for a sick or disabled adult, or 
(7) attending an educational or training course, or (8) 
stock investment, or (9)using the Internet were dichoto-
mized as ever (at least once a month) or never. Diseases 
included (1) cancer or malignant tumor, (2) dyslipidemia, 
(3) hypertension, (4) chronic lung diseases, (5) diabetes 
or high blood sugar, (6) liver disease, (7) kidney disease, 
(8) asthma were reported by the respondents, (9) arthritis 
or rheumatism, (10) stomach or other digestive disease, 
(11) heart attack, coronary heart disease, angina, conges-
tive heart failure, or other heart problems, (12) emotional, 
nervous, or psychiatric problems, (13) memory-related 
disease, (14) stroke. According to our previous standard 
[5], a continuous variable was used to reflect presence 
of chronic health conditions which ranged from 0 to 14. 
Numbers of the diseases condition were classified into 
three categories: 0, 1–2, and 3–14. The categories have 
been widely used in our studies [11–16].

Statistical analysis
Statistical analyses were performed using IBM SPSS ver-
sion21.0 (IBM Corp., Armonk, NY). Categorical variables 
were expressed as frequencies and percentages and com-
pared using the 2 test. Multivariable-adjusted cox regres-
sion was conducted using the hazard ratio (HR), and 95% 
confidence interval (CI) for the association of body mass 
index (BMI) changes categories with the incident depressive 
symptom. P < 0.05 was considered statistically significant.

Results
3118 participants who completed the questionnaires effec-
tively were included in the short-term (2011–2013) and the 
long-term (2011–2015). 2472 participants without depres-
sive symptom were included in 2013(2013–2015). The char-
acteristics of the study participants were shown in Table 1. 
At baseline, 54.49% of the participants were males in the 
2011–2013 and 2011–2015, and 56.59% was males in the 
2013–2015. The mean age was 59.15 years (standard devia-
tion [SD] = 8.50) in the 2011–2013 and 2011–2015, and was 
60.12  years (standard deviation [SD] = 8.66) in the 2013–
2015. The mean BMI was 23.80 kg/m2 (standard deviation 
[SD] = 3.85) in the 2011–2013 and 2011–2015, and 24.15 kg/
m2 (standard deviation [SD] = 3.60) in the 2013–2015.

Baseline characteristics classified according to subse-
quent onset of depressive symptoms were illustrated in 
Table  2. Participants who developed depressive symp-
toms were more likely to be female, to have lower educa-
tional levels, and be never drinking in the three different 

sets. They tended to take activities, live in rural, and have 
0–2 diseases in the 2011–2013 and 2011–2015. Addition-
ally, they also tended to be never smoking in the 2011–
2015 and 2013–2015.

The association between weight changes and inci-
dences of depressive symptoms by baseline BMI were 
shown in Table  3. Firstly, depressive symptoms risk 
was increased for BMI loss > 3% during the 2011–2013 
[1.329(1.053,1.676)] among the total people. After 

Table 1  Baseline characteristics in CHARLS Waves

Variables 2011–2013/2015 
(N = 3118,%)

2013–2015 
(N = 2472, %)

Age(years)

  45–54 36.91 36.08

  55–64 40.41 40.86

  65–74 19.08 19.30

   ≥ 75 3.59 3.76

Sex

  Male 54.46 56.47

  Female 45.54 43.53

Education

  Illiterate 20.24 19.38

  Less than elementary school 66.84 67.15

  High school 8.92 9.18

  Above vocational school 4.01 4.29

Marital status

  Single 8.05 7.85

  Married 91.95 92.15

Current residence

  Rural 8.11 8.86

  Urban 91.89 91.14

Smoking status

  No 57.41 56.39

  Former smoke 8.60 8.98

  Current smoke 34.00 34.63

Alcohol consumption

  No 63.53 62.50

  Less than once a month 8.47 8.41

  More than once a month 28.00 29.09

Having regular exercises

  No exercise 60.04 60.03

  Less than regular exercises 19.88 19.74

  Regular l exercises 20.08 20.23

Taking activities

  No 45.73 44.66

  Yes 54.27 55.34

Chronic disease(counts)

  0 40.89 41.83

  1–2 47.02 46.72

  3–14 12.09 11.45
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Table 2  Baseline characteristics classified according to subsequent onset of depressive symptoms

Variables 2011–2013 incidence 
depressive symptom 
(N = 3118,%)

P1 2011–2015 incidence 
depressive symptom 
(N = 3118,%)

P2 2013–2015 incidence 
depressive symptom 
(N = 2472,%)

P3

No Yes No Yes No Yes

Age(years) 0.254 0.102 0.653

  45–54 892(77.50) 259(22.50) 823(71.5) 328(28.5) 681(76.35) 211(23.65)

  55–64 1010(80.16) 250(19.84) 911(72.3) 349(27.7) 772(76.44) 238(23.56)

  65–74 477(80.17) 118(19.83) 457(76.81) 138(23.19) 377(79.04) 100(20.96)

   ≥ 75 93(83.04) 19(16.96) 84(75.00) 28(25.00) 73(78.49) 20(21.51)

Sex  < 0.001  < 0.001  < 0.001
  Male 1399(82.34) 300(17.66) 1327(78.10) 372(21.90) 1129(80.70) 270(19.3)

  Female 1073(75.62) 346(24.38) 948(66.81) 471(33.19) 774(72.13) 299(27.87)

Education 0.050  < 0.001 0.001
  Illiterate 479(75.91) 152(24.09) 424(67.19) 207(32.81) 346(72.23) 133(27.77)

  Less than elementary 
school

1660(79.65) 424(20.35) 1536(73.70) 548(26.30) 1287(77.53) 373(22.47)

  High school 227(81.65) 51(18.35) 212(76.26) 66(23.74) 175(77.09) 52(22.91)

  Above vocational school 106(84.8) 19(15.20) 103(82.40) 22(17.60) 95(89.62) 11(10.38)

Marital status 0.417 0.866 0.516

  Single 2278(79.46) 589(20.54) 2093(73.00) 774(27.00) 1750(76.82) 528(23.18)

  Married 194(77.29) 57(22.71) 182(72.51) 69(27.49) 153(78.87) 41(21.13)

Current residence 0.003 0.033 0.055

  Rural 2253(78.64) 612(21.36) 2076(72.46) 789(27.54) 1723(76.48) 530(23.52)

  Urban 219(86.56) 34(13.44) 199(78.66) 54(21.34) 180(82.19) 39(17.81)

Smoking status 0.060  < 0.001 0.008
  No 1394(77.88) 396(22.12) 1251(69.89) 539(30.11) 1041(74.68) 353(25.32)

  Former smoke 222(82.84) 46(17.16) 205(76.49) 63(23.51) 177(79.73) 45(20.27)

  Current smoke 856(80.75) 204(19.25) 819(77.26) 241(22.74) 685(80.02) 171(19.98)

Alcohol consumption 0.029  < 0.001  < 0.001
  No 1545(77.99) 436(22.01) 1388(70.07) 593(29.93) 1156(74.82) 389(25.18)

  Less than once a month 208(78.79) 56(21.21) 189(71.59) 75(28.41) 156(75.00) 52(25.00)

  More than once a month 719(82.36) 154(17.64) 698(79.95) 175(20.05) 591(82.2) 128(17.8)

Having regular exercises 0.880 0.812 0.885

  No exercise 1484(79.27) 388(20.73) 1371(73.24) 501(26.76) 1147(77.29) 337(22.71)

  Less than exercises 488(78.71) 132(21.29) 446(71.94) 174(28.06) 372(76.23) 116(23.77)

  Regular exercises 500(79.87) 126(20.13) 458(73.16) 168(26.84) 384(76.80) 116(23.20)

Taking activities 0.019 0.021 0.127

  No 1104(77.42) 322(22.58) 1012(70.97) 414(29.03) 834(75.54) 270(24.46)

  Yes 1368(80.85) 324(19.15) 1263(74.65) 429(25.35) 1069(78.14) 299(21.86)

Chronic disease(counts) 0.032 0.003 0.226

  0 1034(81.1) 241(18.90) 961(75.37) 314(24.63) 811(78.43) 223(21.57)

  1–2 1155(78.79) 311(21.21) 1063(72.51) 403(27.49) 883(76.45) 272(23.55)

  3–14 283(75.07) 94(24.93) 251(66.58) 126(33.42) 209(73.85) 74(26.15)

BMI changes 0.194 0.468 0.459

   > -3% 436(75.69) 140(24.31) 1027(74.58) 350(25.42) 873(78.72) 236(21.28)

 - 3–3% 1109(80.54) 268(19.46) 412(71.53) 164(28.47) 327(75.00) 109(25.00)

  3–6% 462(79.25) 121(20.75) 418(71.7) 165(28.3) 350(75.76) 112(24.24)

  6–9% 223(79.36) 58(20.64) 199(70.82) 82(29.18) 168(75.34) 55(24.66)

   > 9% 242(80.4) 59(19.6) 219(72.76) 82(27.24) 185(76.45) 57(23.55)
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adjusting for age, educational levels, marital status, smok-
ing status, alcohol consumption, exercise, diseases, live 
place, and activities, similar results were found in the 
total population [1.305(1.031,1.651)]. Secondly, depres-
sive symptoms risk was increased for BMI lost > 3% dur-
ing 2013–2015[1.654(1.153,2.373)] among males, and its 
effect was stronger for the 2011–2013. After adjusting for 
age, sex, educational levels, marital status, smoking status, 
alcohol consumption, exercise, diseases, live place, and 
activities, depressive symptoms risk was also increased for 
BMI lost > 3% during the 2013–2015[1.643(1.140,2.368)], 
and its effect was also stronger than the 2011–2013. Lastly, 
there was no significant association between weight gain 
and incident depressive symptom, and no significant inter-
action effect in terms of the sex*weight changes.

Discussion
Previous studies have reported differences in the rela-
tionship between weight change and the incidence of 
depressive symptom. Further, the results in the associa-
tion among the mid-aged and older adults in China have 
been sparse. Our study used a nationally representative 
sample of community-dwelling mid and older adults 
followed for up to four years and explored the relation-
ship between weight change and incidence of depressive 
symptom with an improved methodology.

The analyses were limited to participants who attended 
both the 2-year and the 4-year follow-up session, and 3118 
individuals for the short-term (2011–2013) and the long-
term (2011–2015) were included. We found that weight 
loss of > -3% during short-term was related to an increased 
risk of incidence of depressive symptom among total par-
ticipants. However, this was not completely observed in the 
subgroup analysis by sex. The reason may be that the sta-
tistical power was lower in sex-stratified analyses. Addition-
ally, we have failed to find the associations between weight 
changes and the incidence of depressive symptom in others 
subgroups, especially the weight gain groups. Furthermore, 
in order to associate weight change with subsequent depres-
sive symptoms [associate the weight changes between 
2011 and 2013 (exposure) with development of depres-
sion between 2013 and 2015(outcome)], we also included 
2472 participants without depressive symptom in 2013 and 
observed the incidence of depressive symptom in 2015 (sub-
sequent term 2013–2015). It was suggested that depressive 
symptoms risk was increased for BMI loss > 3% during the 
2013–2015 among males. However, it was found that weight 
gain was not associated with the incident depressive symp-
tom. Several clinical trials [17–19] found that unhealthy 
weight control targeting weight loss increased depres-
sion incidence in participants. These associations can be 
explained, in part, by mental stress triggered by unsuccess-
ful weight control. As weight is considered as an individual 

and controllable responsibility, difficulty weight loss may be 
misattributed to personal failure rather than the behavioral 
weight-loss interventions. Societal pressures with respect 
to  slender  body can also moderate associations between 
weight loss and depressive symptom [20, 21]. Moreover, 
evidences [22, 23] have supported relative associations of 
overvaluation, body dissatisfaction, disordered, eating and 
preoccupation with psychological distress and eating disor-
der behaviors. In the meta-analysis [7], it has been reported 
that underweight at baseline increased the risk of incidence 
depression [1.16(1.08–1.24)]. In contrast to a large number 
of studies [24–29] that focused on the mechanisms that 
underlie the relationship between body mass index and 
depression, there are relatively few studies that investigated 
the association between weight change and the incidence 
of depression. Previous studies [30–32] reported that peo-
ple who were may have low self-esteem. Low self-esteem 
may portray them as helpless and incapable to cope with 
the world, and lead to depression [33–37]. In modern soci-
ety, being underweight may express a poor body image and 
increase the incidence of depression in males. However, 
underweight people also increased the incidence of depres-
sive symptom in our study (the 2011–2013 among the total 
and 2013–2015 among males), and there may be due to lep-
tin in the association during those terms. Leptin [38] can 
influence the relationship between body weight and depres-
sive symptom. Leptin levels are decreased in participants 
with low body mass index. In addition, leptin is regarded as 
an effective antidepressant, and there is a significant corre-
lation between low leptin levels and depressive symptoms 
[39]. Though several studies [40–44] have found that obesity 
increased the risk of depression and the result is consistent 
with meta-analysis [7, 8]. However, Goes VF, Wazlawik E, 
D’Orsi E, et  al. [45] conducted a population-based cohort 
study including 1,702 older adults in Southern Brazil evalu-
ated between 2009/10 and 2013/14 and found that older 
adults with obesity had a higher prevalence odds ratio of 
being depressed than individuals with normal weight while 
overweight individuals had no significant association with 
incident depression. The different results reflect that the 
association between weight and the incidence of depressive 
symptom may be influenced by the cultural background and 
related social pressures. Partial results in our study were not 
in accord with the results of other studies, but those pro-
vided insight into associations between weight changes and 
the incidence of depressive symptom during different terms 
in the middle-aged and older adults.

Strengths and limitations of the study
This study has several strengths. First, the weight change 
was measured by BMI, and the BMI was calculated by 
the body weight and height which was measured by ver-
tical height meter and digital weight scale when it was 
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objectively measured. Second, the study was based on a 
nationwide cohort survey, which included participants 
aged 45  years. Third, it compared the effect of weight 
changes across two different intervals on the depressive 
symptom. Previous studies used only set single inter-
val to identify the relationship between weight changes 
and depressive symptom. It helped us to understand 
the short- and long-term effects of weight change on 
the incidence of depressive symptom. At last, we con-
ducted the analysis according to sex, which allowed us 
to identify sex-specific patterns of relationship between 
weight change and depressive symptom, and we sepa-
rately assessed depressive symptom which was related 
with the loss (> -3%) and gain (3–6%, 6–9%, > 9%) groups. 
This analysis based on different weight changes provided 
evidence that the association between weight change and 
depressive symptom may depend on the sex- and term- 
patterns in Asia.

Several limitations in our study should be noted. Firstly, 
the depressive symptom was self-reported in the three 
waves, when it was subjectively measured. This may have 
a reporting bias. It is known that people tend to under-
report their mental illness in the research. Secondly, we 
did not consider body composition which was associ-
ated with depression [22–24] in several studies. More 
research should investigate the relationship using indica-
tors of body composition to more fully understand the 
potential mechanisms linking to weight changes over dif-
ferent time ranges to the incidence of depressive symp-
tom. Thirdly, statistical power was lower in sex-stratified 
analyses. Fourthly, it was aimed to examine the relation-
ship between weight changes and incidence of depressive 
symptoms. This will help us to explore the relationship 
between the depressive symptom and incidence of the 
weight changes in the next step. Finally, although we have 
fully adjusted the potential confounders, there was still a 
chance of residual confounders in the study.

Conclusions
Our study using a nationally representative sample of com-
munity-dwelling older Chinese participants found that 
weight loss > 3% for intervals was associated with higher 
depressive symptoms than stable weight during the 2011–
2013 [1.329(1.053,1.676)] among the total populations and 
the 2013–2015[1.643(1.140,2.368)] among the males. More-
over, there was no significant association between weight 
gain and incident depressive symptom. The result high-
lights the importance of health promotion interventions to 
body-weight management aimed at improving the health of 
older adults, particularly in the total people with short-term 
weight loss and males with subsequent term weight loss.
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