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Background: To investigate the association between marriage and the prevalence of overweight and
obesity in China.

Methods: We conducted cross-sectional and retrospective cohort analyses using a nationwide sample of
36,310 individuals from the China Health and Nutrition Survey [2004-2015].

Results: The prevalence of overweight and obesity increased from 28.7% to 36.7% and from 8.0% to
14.5% between 2004 and 2015, respectively. The cross-sectional analysis showed that married individuals
were at a higher risk of being overweight (OR =2.18; 95% CI, 1.90-2.51) or obese (OR =1.95; 1.57-2.43)
than never-married individuals. Divorced/widowed individuals were also at a greater risk of being overweight
(OR =1.80; 1.51-2.13) or obese (OR =1.67; 1.28-2.17) than never-married individuals. Retrospective
cohort analysis showed that individuals who married during the study were 1.55 (1.13-2.11) times more
likely to be overweight than those who remained never-married. Compared to those who remained never-
married, individuals who remained married were 1.71 (1.42-2.07) and 1.45 (1.11-1.89) times more likely to
be overweight and obese. Individuals who became divorced or widowed were more likely to be overweight
(RR =1.59; 1.18-2.15) or obese (RR =1.63; 1.08-2.46) than those who remained never-married. However, the
risk of being overweight or obese among those who became divorced or widowed did not differ significantly
from the risk among those who remained married.

Conclusions: Marriage contributes to an increased risk of overweight and obesity in China; however, this

risk is not significantly reduced by exiting a marriage.
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Introduction

The association of obesity with marriage has been an
important topic of interest in studies to date (1-3).
Obesity has become a major global public health issue
(4,5). Obesity with a high body mass index (BMI >28.0)
is a risk factor for various chronic diseases, including
cardiovascular diseases (6), diabetes mellitus (7), stroke (8),
chronic kidney disease (9), cancer (10), musculoskeletal
disorders (11) and multimorbidities (12-14). Accumulating
evidence suggests that marital status is closely associated
with weight changes (15-17), with married individuals
reported to gain more bodyweight than never-married
individuals (16-20). The underlying cause of weight gain
during marriage is multifactorial and can result from
complex interactions between biological, psychological,
social, and cultural factors (21-24). To date, the majority of
studies on the association of marital status with obesity have
been conducted in developed countries (1,2). However,
the rapid escalation of the global obesity epidemic has
seen interest increase in developing countries, with greater
efforts being made to understand the association between
marriage and obesity.

The prevalence of overweight and obesity in China is
reported to be growing. From 2004 to 2011, the proportion
of overweight Chinese people increased from 35.4%
to 38.8%, and the proportion of obese Chinese people
increased from 9.2% to 14.0% (25). For the rapidly aging
Chinese population, the prevention of obesity plays an
increasingly important role in preventing a broad spectrum
of chronic diseases. Over the past 2 decades, there has been
a significant shift in Chinese family structures. Statistical
evidence from the Ministry of Civil Affairs showed a
decline in the annual marriage rate from 14.4%o to 7.30%o,
while the divorce rate rose from 1.92%o to 3.20%o0 during
1998-2018 (26). Moreover, between 1980 and 2010, the
mean age at first marriage increased from 25.0 to 26.0 and
23.0 to 23.9 years for men and women, respectively (27).
Transitions in family structure, such as divorce,
disrupt family relationships, necessitating considerable
reorganization of family roles, and increasing stress (28).
Marital transitions as social factors may influence body
weight in adulthood (29). Therefore, Chinese family
structure changes may have affected the population’s BMI
and thus demand a thorough investigation.

Only a few studies have investigated the relationship
between marriage and BMI in the Chinese population.
Xu et al. reported that both body weight and shape have
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important implications for marital success (30). Liao et a/.
found that married twins had higher BMI than unmarried
twins, independent of genetic and shared environmental
factors in both sexes. In contrast, genetic and shared
environmental factors contributed to education-associated
BMI disparities in females (19).

The current study aimed to investigate the temporal
trend of BMI in the Chinese population and the association
between BMI and marital status. The study was based on
5 nationwide longitudinal surveys from the China Health
and Nutrition Survey (CHNS), which involved 36,310
individuals in the cross-sectional study and 9,646 individuals
in the retrospective cohort study. We present the following
article following the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/atm-20-4550).

Methods
Study design and ethics

The CHNS was a longitudinal survey to examine the health
and nutritional status of China’s general population. The
survey, which was initiated in 1989, comprised 10 waves
(in 1989, 1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011,
and 2015) and surveyed 3 municipalities and 12 provinces:
Beijing, Chongqing, Shanghai, Heilongjiang, Liaoning,
Shandong, Jiangsu, Henan, Hubei, Hunan, Guangxi,
Guizhou, Shaanxi, Yunnan, and Zhejiang (with the last
3 provinces added in 2015).

The original population study employed a multi-stage,
random-cluster sampling design for participant recruitment
[details available elsewhere (17)]. The present study
included only adult participants (aged >18) who participated
in the surveys from 2004 to 2015. Our study consisted of
2 parts. Firstly, to investigate the association between
marital status and participants’ BMI at the time of the
surveys, we pooled the data from all 5 surveys together as
a cross-sectional study. A total of 36,310 participants were
included (6,542, 6,344, 6,881, 9,505, and 7,038 subjects for
the years 2004, 2006, 2009, 2011, and 2015, respectively).
Secondly, to investigate the association between marital
status changes and BMI, we established a retrospective
cohort by including participants who had participated in
at least 2 rounds of the CHNS surveys between 2004 and
2015 (Table S1). Pregnant women, lactating mothers, and
individuals with incomplete records of key variables were
excluded from the study’s cross-sectional and retrospective
cohort parts. In this study, less than 5% of all participants
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had missing variables. The study was conducted following
the Declaration of Helsinki (as revised in 2013). The
Institutional Review Committees approved the survey
protocols, instruments, and the process for obtaining
informed consent of the University of North Carolina at
Chapel Hill, NC, USA, and the China National Institute
of Nutrition and Food Safety at the Chinese Center for
Disease Control and Prevention, Beijing, China. All
participants had given written informed consent before
taking part in the surveys.

Predictors

Participants were categorized into 7 age groups of 18-
29, 30-39, 40-49, 50-59, 60-69, 70-79, and 80 years.
According to the Chinese residents’ income percentiles
from the Chinese Statistical Yearbook, income levels were
categorized as “low”, “middle”, and “high” (31). Education
levels were categorized as low (primary education and
below), middle (secondary school), and high (university/
higher). For the cross-sectional analysis, marital status was
classified into 3 categories: never-married, married, and
divorced/widowed. For the retrospective cohort analysis,
marital status changes were categorized as “remained never-
married”, “got married”, “remained married”, and “became
divorced/widowed”. According to the recommended
criteria for Chinese people, underweight individuals (BMI
<18.5 kg/m’), normal weight (BMI 18.5-23.9 kg/m’),
overweight (BMI 24.0-27.9 kg/m?), and obese (BMI
>28 kg/m’) were assessed (32). Lifestyle behaviors included
smoking (yes or no), alcohol consumption (yes or no), and
sleep duration (<5, 6-8, and >9 hours).

Statistical analysis

For descriptive analyses, categorical variables were
presented as percentages. The prevalence of overweight
and obesity among the participants was analyzed, and
the 95% confidence intervals (CI) were estimated for
different marital statuses. In both the cross-sectional and
retrospective cohort analyses, the multinomial logistic
regression model was used to control confounding
factors (19). A set of models was used. In the cross-sectional
analysis, model 1 was adjusted for basic demographic
characteristics including sex and age; model 2 included
education level, income level, residence, and employment
status in addition to the covariates included in model 1;
and model 3 added sleep duration, smoking, and alcohol
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consumption to the model 2 covariates. In the retrospective
cohort analysis, the 3 models also included the cohort
analysis duration as an additional confounding variable.
Odds ratios (ORs) with 95% confidence intervals (Cls)
were calculated. Statistical significance was indicated by
2-tailed P values <0.05. Data analysis was conducted using
SAS version 9.4 (SAS Institute, Cary, USA) and R software,
version 3.5.2.

Results
Demographic characteristics

A total of 36,310 individuals participated in 5 cross-
sectional surveys, of whom 9,646 individuals who completed
the surveys at least twice were eligible for inclusion in
the retrospective cohort analysis. The basic demographic
characteristics of the survey participants are presented in
Table 1. The proportions of men and women were similar.
Between 2004 and 2015, the median age of participants
increased from 48 to 53 years old. The majority of
participants were educated to at least middle/high school
level (54.7%). The proportions of participants living in
rural and urban areas were similar, and the majority of
participants (88.2%) were married and employed (68.2%)
at the time of the survey. Between 2004 and 2015, the
proportion of overweight individuals increased from
28.7% to 36.7%, and the proportion of obese individuals
increased from 8.0% to 14.5%. During the same period, the
proportion of underweight individuals decreased from 5.5%
to 3.9% (Table 1, Figure 1A4).

Married individuals: the prevalence of overweight and
obesity

In a crude analysis (Table S2, Figure 1B), married men
showed a consistently higher combined prevalence of
overweight and obesity than never-married or divorced/
widowed men [45.3% (44.5-46.0%) versus 28.0% (25.3—
30.7%) and 37.9% (34.6-41.1%)]. A similar pattern was
observed in women [42.5% (41.7-43.3%) versus 13.8%
(11.2-16.4%) and 42.2% (39.8-44.5%)]. Never-married
and married men showed a significantly higher prevalence
of overweight and obesity than their female counterparts.
Conversely, divorced/widowed men were less likely to be
overweight or obese than divorced/widowed women.

After adjusting for demographic characteristics and
lifestyle factors (Figure 24, model 3), married individuals
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Table 1 Basic characteristics of study participants of the China Health and Nutrition Survey [2004-2015], stratified by study years of the
longitudinal study (N=36,310)

Variable 2004 (n=6,542) 2006 (n=6,344) 2009 (n=6,881) 2011 (n=9,505) 2015 (n=7,038)
Sex, n (%)
Male 3,265 (49.9) 3,171 (50.0) 3,484 (50.6) 4,712 (49.6) 3,602 (50.2)
Female 3,277 (50.1) 3,173 (50.0) 3,397 (49.4) 4,793 (50.4) 3,436 (49.8)
Age groups, n (%)
18-29 638 (9.8) 485 (7.6) 536 (7.8) 703 (7.4) 469 (6.7)
30-39 1,300 (19.9) 1,205 (19.0) 1,085 (15.8) 1,372 (14.4) 872 (12.4)
40-49 1,645 (25.1) 1,555 (24.5) 1,717 (25.0) 2,339 (24.6) 1,501 (21.3)
50-59 1,586 (24.3) 1,636 (25.8) 1,734 (25.2) 2,394 (25.2) 1,850 (26.3)
60-69 885 (13.5) 922 (14.5) 1,150 (16.6) 1,756 (18.5) 1,574 (22.3)
70-79 420 (6.4) 449 (7.1) 556 (8.1) 768 (8.1) 641 (9.1)
>80 68 (1.0) 92 (1.5) 103 (1.5) 173 (1.8) 131 (1.9)
Education, n (%)
Primary school and below 2,821 (43.1) 2,550 (40.2) 2,729 (39.7) 3,199 (33.7) 1,391 (19.8)
Middle/high school 3,410 (52.1) 3,366 (53.1) 3,716 (54.0) 4,961 (52.2) 4,413 (62.7)
University/higher 311 (4.8) 428 (6.7) 436 (6.3) 1345 (14.1) 1234 (17.5)
Residence, n (%)
Urban 2,748 (42.0) 2,648 (41.7) 2,820 (41.0) 5,005 (52.7) 3,781 (53.7)
Rural 3,794 (58.0) 3,696 (58.3) 4,061 (59.0) 4,500 (47.3) 3,257 (46.3)
Marital status, n (%)
Never-married 420 (6.4) 298 (4.7) 333 (4.8) 407 (4.3) 271 (3.9)
Married 5,682 (86.9) 5,622 (88.6) 6,015 (87.4) 8,353 (87.9) 6,342 (90.1)
Divorced/widowed 440 (6.7) 424 (6.7) 533 (7.7) 745 (7.8) 425 (6.0)
Employment status, n (%)

Unemployed 1,861 (28.4) 1,809 (28.5) 1,917 (27.9) 2,921 (30.7) 3,046 (43.3)
Employed 4,681 (71.6) 4,535 (71.5) 4,964 (72.1) 6,584 (69.3) 3,992 (56.7)
Annual income (RMB), median (IQR) 4,916 [7,615] 6,753 [9,383] 11,470 [13,586] 18,000 [18,600] 27,000 [27,827]

BMI (kg/m?), n (%)
Underweight (<18.5) 358 (5.5) 348 (5.5) 396 (5.8) 406 (4.3) 278 (3.9)
Normal weight (18.5-23.9) 3,781 (57.8) 3,606 (56.8) 3,394 (53.7) 4,803 (50.5) 3,151 (44.8)
Overweight (24-27.9) 1,880 (28.7) 1,888 (29.8) 2,160 (31.4) 3,177 (33.4) 2,586 (36.7)
Obesity (=28) 523 (8.0) 502 (7.9) 631 (9.2) 1,119 (11.8) 1,023 (14.5)

Table 1 (continued)
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Variable

2004 (n=6,542) 2006 (n=6,344) 2009 (n=6,881) 2011 (n=9,505) 2015 (n=7,038)

Income levels (yuan), n (%)

Low income 1,909 (29.2) 1,750 (27.6) 1,298 (18.9) 1,568 (16.5) 816 (11.6)
Middle income 3,655 (55.9) 3,592 (56.6) 4,303 (62.5) 6,067 (63.8) 4,730 (67.2)
High income 978 (14.9) 1,002 (15.8) 1,280 (18.6) 1,870 (19.7) 1,492 (21.2)
Sleep time (hours), n (%)
<5 91 (1.4) 75(1.2) 139 (2.0) 285 (3.0) 179 (2.5)
6-8 4,562 (69.7) 4,614 (72.7) 5,290 (76.9) 7,571 (79.7) 5,850 (83.1)
=9 1,889 (28.9) 1,655 (26.1) 1,452 (21.2) 1,649 (17.3) 1,009 (14.4)
Smoking, n (%)
No 4,308 (65.9) 4,218 (66.5) 4,585 (66.6) 6,454 (67.9) 5,045 (71.7)
Yes 2,234 (34.1) 2,126 (33.5) 2,296 (33.4) 3,051 (32.1) 1,993 (28.3)
Alcohol consumption, n (%)
No 4,216 (64.4) 4,096 (64.6) 4,379 (63.6) 6,012 (63.3) 4,883 (69.4)
Yes 2,326 (35.6) 2,248 (35.4) 2,502 (36.4) 3,493 (36.7) 2,155 (30.6)
RMB, Renminbi; IQR, inter-quartile range; BMI, body mass index.
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Figure 1 Prevalence [%, 95% confidence interval (CI)] of overweight and obesity (BMI >24.0) by (A) years and (B) marital status and sex
among participants of the CHNS in a pooled dataset of the 5 consecutive longitudinal surveys (N=36,310) (**P<0.001, *P<0.05).

were at a higher risk of being overweight (OR, 2.18; 95%
CI, 1.90-2.51) or obese (OR, 1.95; 95% CI, 1.57-2.43) than
never-married individuals. Divorced/widowed individuals
were also at a greater risk of being overweight (OR, 1.80;
95% CI, 1.51-2.13) or obese (OR, 1.67; 95% CI, 1.28-2.17)
than never-married individuals. In contrast, the risk of
being underweight among married or divorced/widowed
individuals was significantly lower than that among
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individuals who never married (Figure 24, model 3).

Entering into a marriage: the risk of overweight and
obesity

After adjusting for the period between the surveys taken
by each participant in the cohort, as well as demographic
characteristics, and lifestyle factors (Figure 2B, model 3),
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A Model 1 Model 2 Model 3
Underweight
Never-married 1.00 1.00 1.00
Married - 0.36(0.30-0.42)  <0.0001 - 0.34(0.28-0.41)  <0.0001 - 0.35(0.29-0.42)  <0.0001
Divorced/Widowed - 0.56(0.43-0.71) <0.0001 - 0.54(0.42-0.69) <0.0001 - 0.55(0.42-0.70) <0.0001
Overweight
Never-married 1.00 1.00 1.00
Married —— 2.05(1.79-2.35) <0.0001 —.— 2.24(1.95-2.57) <0.0001 —.— 2.18(1.90-2.51) <0.0001
Divorced/Widowed —-— 1.69(1.42-2.00) <0.0001 —-— 1.83(1.54-2.17) <0.0001 —— 1.80(1.51-2.13) <0.0001
Obesity
Never-married 1.00 1.00 1.00
Married —— 1.82(1.47-2.26) <0.0001 —_—— 2.07(1.66-2.57) <0.0001 —— 1.95(1.57-2.43) <0.0001
Divorced/Widowed — 1.56(1.21-2.03) 0.0001 —_— 1.76(1.35-2.28) <0.0001 —— 1.67(1.28-2.17) 0.0001
— ——— ———
0 05 10 15 20 25 0 05 10 15 20 25 0 05 10 15 20 25
B Model 1 Model 2 Model 3
Underweight
Remain never-married 1.00 1.00 1.00
Become married —— 0.80(0.46-1.40) 0.4374 —— 0.80(0.46-1.40) 0.4313 —— 0.80(0.46-1.40) 0.4295
Remain married - 0.51(0.38-0.67) <0.0001 - 0.51(0.38-0.67) <0.0001 - 0.51(0.39-0.68) <0.0001
Become divorced/widowed —— 0.49(0.28-0.89) 0.0189 —-— 0.49(0.27-0.89) 0.0180 —-— 0.50(0.28-0.89) 0.0195
Overweight
Remain never-married 1.00 1.00 1.00
Become married —— 1.57(1.15-2.13) 0.0043 —— 1.54(1.13-2.10) 0.0061 —— 1.65(1.13-2.11) 0.0060
Remain married —.— 1.72(1.43-2.07) <0.0001 —— 1.75(1.45-2.11) <0.0001 —-— 1.71(1.42-2.07) <0.0001
Become divorced/widowed —— 1.58(1.17-2.13) 0.0029 —— 1.61(1.19-2.17) 0.0020 —— 1.59(1.18-2.15) 0.0025
Obesity
Remain never-married 1.00 1.00 1.00
Become married -T-— 1.25(0.80-1.95) 0.3346 - 1.24(0.79-1.94) 0.3576 - 1.23(0.79-1.94) 0.3653
Remain married —— 1.42(1.09-1.85) 0.0096 —— 1.49(1.14-1.94) 0.0035 — 1.45(1.11-1.89) 0.0068
Become di i 1.59 (1.06-2.40) 0.0262 —s——  1.66(1.10-2.50) 0.0162 — 1.63(1.08-2.46) 0.0198
——t—— ——t—— ——t—
0 05 10 1.5 20 25 0 05 10 1.5 20 25 0 05 10 15 20 25
C model 1 model 2 model 3
Underweight
Remain married 1.00 1.00 1.00
Become divorced/widowed —— 0.90 (0.52-1.55) 0.6968 —— 0.89(0.51-1.53)  0.6664 —— 0.89(0.51-1.53)  0.6646
Overweight
Remain married 1.00 1.00 1.00
Become divorced/widowed - 0.92(0.72-1.17) 0.4983 - 0.92(0.72-1.18)  0.5173 - 0.93(0.73-1.19)  0.5613
Obesity
Remain married 1.00 1.00 1.00
Become divorced/widowed —-—— 1.13(0.81-1.57) 0.4716 ——— 1.12(0.81-1.56)  0.4896 o 1.14(0.82-1.58)  0.4491
——— ——t— ——t—
0 05 10 15 20 25 0 05 1.0 15 20 25 0 05 10 1.5 20 25

Figure 2 Risk of underweight, overweight, and obesity among CHNS participants stratified by current marital status or change in marital
status in a pooled dataset of 5 consecutive longitudinal surveys. (A) The risk of underweight, overweight and obesity by marital status
(N=36,310) in a pooled cross-sectional analysis; (B) the risk of underweight, overweight, and obesity according to the changes in marital
status (n=9,646) in 2 consecutive surveys based on a cohort study; (C) the risk of underweight, overweight, and obesity among participants
who became divorced/widowed compared with that among participants who remained married (N=8,594) in 2 consecutive surveys based on
a cohort study. Model 1 adjusted for sex and age at baseline in (A) and adjusted for sex and age, and the duration in the cohort at baseline
in (B) and (C). Model 2 adjusted for the variables in model 1 as well as education level, income level, residence, and employment status at
baseline. Model 3 adjusted for the variables in model 2 as well as sleep duration, smoking, and alcohol consumption at baseline. CHNS is the
abbreviation for China Health and Nutrition Survey. Risk is represented by risk ratio (RR) with and 95% confidence intervals (CIs).

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2021;9(7):564 | http://dx.doi.org/10.21037/atm-20-4550



Annals of Translational Medicine, Vol 9, No 7 April 2021

the retrospective cohort analysis showed that individuals
who entered into a marriage had a higher risk of becoming
overweight or obese. Compared with individuals who
remained never-married, individuals who became married
had a significantly higher risk of being overweight (RR,
1.55; 95% CI, 1.13-2.11). Individuals who remained
married also had a significantly higher risk of being
overweight (RR, 1.71; 95% CI, 1.42-2.07) or obese
(RR, 1.45; 95% CI, 1.11-1.89) than those who remained
never-married (Figure 2B). Furthermore, individuals
who became divorced/widowed were more likely to be
overweight (RR, 1.59; 95% CI, 1.18-2.15) or obese (RR,
1.63; 95% CI, 1.08-2.46) than those who remained never-
married. Participants who remained married (RR, 0.51;
95% CI, 0.39-0.68) or became divorced/widowed (RR,
0.50; 95% CI, 0.28-0.89) were significantly less likely to
be underweight than those who remained never-married
(Figure 2B, model 3). No significant difference was found
in the risk of being underweight, overweight, or obese
between those who became divorced/widowed and those
who remained married (Figure 2C). There was also no
significant difference in the risk of being overweight or
obese between those who remained married and those who
became married. However, people who remained married
(RR, 0.56; 95% CI, 0.34-0.93) were significantly less
likely to be underweight than those who became married
(Table S3, Model 3).

Discussion

Our study showed the impact of marital status on BMI
among Chinese adults in a large population cohort. We
demonstrated that the prevalence of overweight and obesity
in China increased substantially between 2004 and 2015.
This observation is consistent with the findings of several
previous studies (4,33,34) and reflects an intertwining
trend between the overweight and obesity epidemic and
economic development. Through both cross-sectional and
retrospective cohort analyses, we demonstrated that married
individuals and those remaining marriage were at a higher
risk of being overweight or obese than individuals with
another marital status. In contrast, the underweight risk for
individuals who remained married and those who divorced/
widowed was reduced. Moreover, our cross-sectional
analysis found that the risk of overweight and obesity as
similar in divorced/widowed and married individuals.
Furthermore, in the retrospective analysis, the risk of
overweight and obesity did not differ between individuals
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who exited marriage due to divorce or loss of a spouse and
those who remained married.

Based on our cross-sectional analysis, the prevalence
of overweight and obesity in men was higher than that
in women. Divorced/widowed men were less likely to be
overweight/obese than their female counterparts. Our
findings contradicted those of other studies that reported
the prevalence of overweight or obesity among women
to be consistently higher than that among men regardless
of marital status (16). Sex is a stratifying factor for many
health issues; it often interacts with other factors, including
ethnicity and biological, environmental, lifestyle, and social
factors (35). We hypothesized that marriage impacts men
and women differently in Chinese society. Being divorced
or widowed may have more pronounced adverse physical
and psychological effects on men than women (36). In men,
BMI decreases in the period following a divorce, which
has been reported previously (2), and there are 2 plausible
explanations for this. First, Chinese men are known to
be more reliant on their partners’ physical and emotional
care than women. Thus, Chinese men often take a longer
time to recover emotionally after a divorce or a partner’s
death. This suggests that those who become divorced or
widowed may experience persistent psychological distress,
which could explain the significantly lower prevalence of
overweight and obesity among divorced/widowed men
compared to women. Second, an individual’s change in
mood resulting from divorce or the death of a partner may
result in reduced levels of exercise. However, whether these
factors contributed to the findings of the present study
requires further investigation.

Our study revealed that married individuals and those
who entered into marriage were at a higher risk of being
overweight or obese, which was consistent with previous
findings. A Chinese National Twin Registry study on
10,448 same-sex twin pairs reported that married twins
had a significantly higher BMI than their never-married
counterparts (19). There are 2 possible explanations for
this. Firstly, never-married individuals may care more about
managing their weight in order to attract potential partners.
Secondly, due to having more family responsibilities, married
individuals have less time for physical activities. Their dietary
pattern is more likely to change, and weight control could
become less consistent after entering marriage (20).

Our cross-sectional study demonstrated that the risk of
being overweight or obese was similar between individuals
who were divorced or widowed and those who were
married. This effect among married and once-married
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individuals was further supported by the results of our
retrospective cohort analysis, which showed that the end
of a marriage due to divorce or loss of a spouse did not
change the risk of overweight or obesity. A previous study
reported that exiting a marriage was associated with weight
loss (37). However, the current study suggested only a
small, statistically insignificant decline in overweight and
obesity risk. This might reflect that bodyweight gained
during a marriage cannot be easily reduced, even after
the trauma of becoming divorced or widowed. Besides,
acute weight loss, if any, due to divorce or loss of a spouse
might be temporary, and the 2- or 3-year intervals between
the longitudinal surveys may have been long enough for
participants to recover and regain body weight.

The current study has several limitations. First, study
participants were selected from specific Chinese provinces.
Hence, the sample may not be representative of the general
Chinese population. Second, our study did not consider the
various ethnic groups of China, and cultural and traditional
differences may have a substantial impact on marriage and
the associated lifestyle changes that could influence body
weight (38). Third, some level of bias is inevitable with self-
reporting. Fourth, although adjustments were made for
various covariates in the models, other confounding factors
such as mental and physical health comorbidities may also
have a significant impact on weight changes and the risk of
being overweight/obese (39,40). Fifth, the long intervals
between surveys may not have been adequate to reflect
short-term weight changes caused by major life events such
as a spouse’s death or divorce. Finally, it is not clear whether
marital status changes multiple times (e.g., married-
divorced-remarried) during the period of follow-up, as our
study only captured the first and the last time point of the
study duration for the individuals.

Despite the increasing evidence of a positive association
between marriage and weight gain, the exact mechanism
linking overweight and obesity to marriage remains fully
understood. Numerous multi-dimensional factors, such
as race, age, sex, sociodemographic confounders, socio-
economic status, cultural and religious beliefs, geographical
location, and environment, need to be further investigated
for their interactions and effects on body weight.
Mechanisms through which marital status may influence
BMI to include energy intake and expenditure and metabolic
changes (20). We speculate that endorphins may also play
a role in weight control by exercise among unmarried
individuals (22). In contrast, married individuals are
extremely unlikely to experience a rise in endorphins due to
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a lack of exercise, which is an indirect cause of weight gain.

In conclusion, our study has provided evidence that
marriage contributed to an increased risk of overweight and
obesity among Chinese men and women. Therefore, weight
management programs, including nutrition counseling and
a physical activity plan, should be specifically targeted at
married and divorced/widowed individuals.
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Supplementary

Table S1 Distribution of cohort participants by starting and ending year of the survey

Starting Total
2009 2011 2015

2004 699 1864 1881 5306

2006 242 590 578 1410

2009 0 642 666 1308

2011 0 0 1622 1622

Total 941 3096 4747 9646

Table S2 Prevalence (%, 95% CI) of overweight and obesity (BMI>24.0) by marital status and other demographic characteristics among

participants of CHNS in a pooled dataset of the five consecutive longitudinal surveys (N=36,310)

Characteristics

Never-married (n=1729)

Married (n=32014)

Divorced/Widowed (n=2567)

Sex
Men
Women
P value
Age groups
18-29
30-39
40-49
50-59
60-69
70-79
>80
P value/ P trend
Residence
Urban
Rural
P value
Education
Primary school and below
Middle/high school
University/higher
P value/ P trend
Employment status
Unemployed
Employed
P value
Income levels (yuan)®
Low income
Middle income
High income
P value/ P trend
Sleep time(hours)
<5 hours
6-8 hours
=9 hours
P value/ P trend
Smoking
No
Yes
P value
Alcohol consumption
No
Yes

P value

28.0(25.3-30.7)
13.8(11.2-16.4)
<0.0001

19.8(17.6-21.9)
30.4(24.3-36.4)
28.7(19.6-37.9)
23.2(13.2-33.2)
37.0(23.0-50.9)
23.5(6.8-49.9)
66.6(13.3-1.00)

<0.0001/<0.0001

27.6(24.6-30.6)
17.0(14.5-19.5)
<0.0001

18.6(13.6-23.5)
22.4(19.8-24.9)
24.1(20.2-28.0)
0.2470/0.2470

21.9(16.0-27.9)
22.4(20.3-24.5)
0.8894

17.7(13.8-21.6)
23.4(20.8-26.0)
24.1(19.4-28.7)
0.0561/0.0561

20.0(4.3-48.1)
23.1(20.8-25.5)
20.0(16.2-23.8)
0.3877/0.3877

20.5(18.3-22.8)
26.4(22.7-30.2)
0.0068

19.5(17.2-21.8)
27.7(24.1-31.3)
0.0001

45.3(44.5-46.0)
42.5(41.7-43.3)
<0.0001

27.3(25.0-29.5)
36.6(35.4-37.9)
46.2(45.2-47.3)
47.8(46.8-48.9)
47.2(45.9-48.5)
43.1(41.0-45.2)
30.8(25.9-35.8)

<0.0001/<0.0001

49.9(49.0-50.7)
38.8(38.1-39.6)
<0.0001

41.2(40.3-42.1)
45.2(44.5-46.0)
46.0(44.3-47.7)

<0.0001/<0.0001

50.0(49.0-50.9)
41.2(40.6-41.9)
<0.0001

40.7(39.4-41.9)
44.2(43.5-44.9)
46.4(45.1-47.7)

<0.0001/<0.0001

44.7(40.8-48.6)
44.9(44.3-45.6)
40.0(38.8-41.2)

<0.0001/<0.0001

44.8(44.1-45.5)
42.1(41.2-43.0)
<0.0001

43.2(42.5-43.8)
45.3(44.4-46.2)
0.0002

37.9(34.6-41.1)
42.2(39.8-44.5)
0.0377

24.0(9.36-45.1)
27.7(20.7-34.8)
42.9(37.1-48.7)
47.6(43.3-51.9)
41.8(38.1-45.5)
41.3(37.5-45.0)
28.7(22.9-34.5)

<0.0001/<0.0001

48.2(45.6-50.9)
32.2(29.6-34.9)
<0.0001

37.4(34.9-39.9)
45.6(42.4-48.8)
42.9(35.4-50.5)
0.0003/0.0003

44.8(42.3-47.3)
35.3(32.5-38.2)
<0.0001

34.0(30.4-37.6)
42.5(40.1-44.9)
45.9(40.2-51.6)
0.0002/<0.0001

39.7(31.0-48.4)
41.8(39.5-44.1)
38.1(34.4-41.8)
0.2529/0.2529

42.3(40.1-44.5)
36.1(32.4-39.8)
0.0057

41.1(39.0-43.3)
39.5(35.7-43.4)
0.4746

CHNS: China Health and Nutrition Surveys.
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Table S3 Risk of underweight, overweight and obesity in participants who remained married compared with participants who became married, in
a pooled cohort of CNHS participants across five consecutive longitudinal surveys (n=8,580) Data are risk ratio (RR) and 95% Cls (versus normal

weight)
Total( Marital status change) Model 1 Model 2 Model 3
Underweight (ref: Normal weight)
Become married 1.00 1.00 1.00
Remain married 0.57(0.35-0.94) 0.56(0.34-0.94) 0.56(0.34-0.93)
Overweight(ref: Normal weight)
Become married 1.00 1.00 1.00
Remain married 1.10(0.85-1.42) 1.14(0.88-1.47) 1.12(0.87-1.45)
Obesity (ref: Normal weight)
Become married 1.00 1.00 1.00
Remain married 1.15(0.79-1.67) 1.21(0.83-1.76) 1.17(0.81-1.70)

Model 1 adjusted for variables in model 1 as well as gender and age, the duration in the cohort at baseline;Model 2 adjusted for variables
in model 2 as well as education level, income level, residence, employment status at baseline;Model 3 adjusted for variables in model 3 as
well as sleep time, smoking, alcohol consumption at baseline.Variables assignment: gender: male=1, female=2; age: a continuous variable;
the duration in the cohort: a continuous variable; education: primary school and below=1, middle/high school=2, university/higher=3;
income levels: low income=1, middle income=2, high income=3; residence: urban=1,rural=2; employment status: unemployed=0,
employed=1; sleep time: a continuous variable; smoking: no=0, yes=1; alcohol consumption: no=0, yes=1.CHNS: China Health and

Nutrition Survey; Cl: confidence interval.
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