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Objectives: Over the past decades, China has seen a dramatic epidemic of overweight and obesity.
However, the optimal period for interventions to prevent overweight/obesity in adulthood remains
unclear, and little is known regarding the joint effect of sociodemographic factors on weight gain. We
aimed to investigate the associations of weight gain with sociodemographic factors, including age, sex,
educational level, and income.

Study design: This was a longitudinal cohort study.

Methods: This study included 121,865 participants aged 18—74 years from the Kailuan study who

ﬁegjéwords' attended health examinations over the period 2006—2019. Multivariate logistic regression and restricted
Weight gain cubic spline were used to evaluate the associations of sociodemographic factors with body mass index
Overweight (BMI) category transitions over two, six, and 10 years.

Obesity Results: In the analysis of 10-year BMI changes, the youngest age group had the highest risks of shifting

Longitudinal study to higher BMI categories, with odds ratio of 2.42 (95% confidence interval 2.12—2.77) for a transition from
underweight or normal weight to overweight or obesity and 2.85 (95% confidence interval 2.17—3.75) for
a transition from overweight to obesity. Compared with baseline age, education level was less related to
these changes, whereas gender and income were not significantly associated with these transitions.
Restricted cubic spline analyses suggested reverse ]J-shaped associations of age with these transitions.
Conclusions: The risk of weight gain in Chinese adults is age dependent, and clear public healthcare
messaging is needed for young adults who are at the highest risk of weight gain.

© 2023 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.

0/).

Introduction

Overweight and obesity have become a major global public
health problem,"? with more than 1.9 billion adults having over-
weight and more than 650 million adults having obesity worldwide
in 2016. Between 1975 and 2016, the global prevalence of obesity
in adults increased from 3% to 11% in men and from 6% to 15% in
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women.? Alongside the rapid economic and demographic shifts
that have occurred in China, the prevalence of obesity has been
increasing, rising from 3.1% in 2004 to 8.1% in 2018.>° It is predicted
that the prevalence of overweight/obesity in Chinese adults will
reach 65.3% by 2030.” Obesity is a recognized risk factor for major
non-communicable diseases,® including cardiovascular disease,
diabetes, and cancer,*'° and is also associated with higher risks of
osteoarthritis, sleep apnea, kidney disease, hepatobiliary disease,
and depression.'"'? This emphasizes the importance of identifying
and modifying the factors that determine the onset and progres-
sion of overweight and obesity.

A large number of studies have shown that the risk factors for
overweight and obesity include an unhealthy diet, physical inac-
tivity, certain medications, and inadequate sleep, which interact

0033-3506/© 2023 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an open access article under the CC BY-NC-ND license
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with genetic susceptibility to cause weight gain and ultimately lead
to overweight and obesity.>~'> However, the critical period for
controlling risk factors for overweight and obesity in adulthood
remains unclear. Although preliminary observations suggest that
young adults are at a higher risk of weight gain than older people,'®
available evidence is lacking from Asian countries accounting for
the majority of the global population. In addition, there have been
no large-scale cohort studies analyzing the associations of weight
gain with age and other important sociodemographic characteris-
tics in China.

In the present study, we used longitudinal data from a large
population-based cohort study to examine the joint effect of age,
sex, educational level, and income on the risk of weight gain in
China.

Material and methods
Study population

The Kailuan study is an ongoing community-based prospective
cohort study in Tangshan, China. The detailed study design and
procedures have been described previously.'”'® From 2006 to 2007,
employees of the Kailuan Group were recruited to participate in
comprehensive biennial health examination at 11 hospitals affili-
ated with the Kailuan Group. Data were obtained by questionnaire
interview, physical examination, and laboratory tests. Participants
were eligible for inclusion in this study if they attended at least two
health examinations in Kailuan between 2006 and 2019. The
exclusion criteria were a diagnosis of pregnancy or viral hepatitis
during the follow-up period, age >75 years, and missing body mass
index (BMI) values at the beginning or end of all three follow-up
intervals.

The Ethics Committee of Kailuan Hospital approved this cohort
study, and written informed consent was provided by all the
participants.

Assessment of sociodemographic variables

Sociodemographic characteristics used in these analyses,
including age, sex, family monthly income, and educational level,
were obtained using data from the questionnaires at each health
examination. We regarded the time at which each participant first
attended for a medical examination as the baseline, and according
to the ages of the participants at baseline, they were placed into six
age groups: 18—24, 25—34, 35—44, 45-54, 55—64, and 65—74
years. With respect to socio-economic status, the educational level
of the participants was categorized as primary or below, secondary,
or tertiary or above; and family monthly income was categorized as
<¥1000, ¥1000—¥3000, or >¥3000.

Assessment of BMI status

For each participant, height and body weight are measured by
trained medical staff according to standardized methods. The
measurements of height and body mass were made to precisions of
0.1 cm and 0.1 kg, respectively. BMI was calculated as body weight
(kilogram) divided by height (meter) squared. The classification of
BMI was based on the World Health Organization guidelines (un-
derweight, BMI <18.5 kg/m?; normal weight, BMI 18.5—24.9 kg/m?;
overweight, BMI 25.0—29.9 kg/m?; and obesity, BMI >30 kg/m?)."”
We used the baseline BMI and the BMI measurements made at
subsequent visits two, siX, and 10 years after initial physical ex-
amination for the assessment of transitions between BMI
categories.
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Assessment of covariates

Data regarding covariates were collected using questionnaires
and laboratory tests at a health examination and updated every two
years. These included smoking status, alcohol consumption status,
physical activity, the use of antidiabetic drugs or diuretics, self-
reported medical history (of hypertension, diabetes, atheroscle-
rotic cardiovascular disease [ASCVD], chronic kidney disease, and
cancer), and total serum cholesterol and triglyceride concentra-
tions. Participants who currently smoked (smoked cigarettes in the
past 30 days) or with a history of smoking (smoked >100 cigarettes
in lifetime) were defined as smokers (i.e. ever-smokers), and those
who currently drank (alcohol consumption at least three times per
week and more than one cup of alcohol each time during the last
month) or who had a history of drinking (alcohol consumption a
month ago) were defined as drinkers (i.e. ever-drinkers).>’ Physical
activity was defined using a frequency of exercise of more than
three times a week, with a duration of >30 min on each occasion.
ASCVD was defined using a history of myocardial infarction or
stroke. Participants were evaluated after an eight hour fast using
calibrated equipment, and the total cholesterol and triglyceride
concentrations were measured using an automated analyzer
(Hitachi 747, Hitachi, Tokyo, Japan).

Statistical analysis

We summarized baseline characteristics of the participants by
follow-up interval and presented them as mean (standard deviation)
or median (interquartile range) for continuous variables and number
(percentage) for categorical variables. While the longitudinal transi-
tions of BMI status are diverse, the focus of our study is on the onset
and progression of overweight and obesity, diseases with shared
pathophysiology and adverse long-term clinical consequences. Thus,
two unhealthy BMI transition statuses in each time interval were
examined in our study: transition from underweight or normal
weight to overweight or obesity and transition from overweight to
obesity. We used multivariate logistic regression models to calculate
odds ratios (ORs) and corresponding 95% confidence intervals (CIs)
for the relationships of age and other sociodemographic factors (sex,
educational level, and income) with transition to higher BMI cate-
gories over two year, six year, and 10 year periods, with adjustment
for the potential confounders. In addition to mutual adjustments for
sociodemographic factors, the covariates that were also included in
the model were baseline BMI, smoking status, drinking status,
physical activity, myocardial infarction, stroke, hypertension, dia-
betes, chronic kidney disease, cancer, the use of diuretics and anti-
diabetic drugs, and the total cholesterol and triglyceride
concentrations. To further illustrate the correlation between age and
BMI status transitions in the three time intervals, we also used a
restricted cubic spline with four knots located at the 5th, 35th, 65th,
and 95th percentiles to flexibly model the possible non-linear rela-
tion. The maximum age was chosen as a reference.

Moreover, we performed subgroup analyses according to
smoking status (smoker vs non-smoker), drinking status (drinker
vs non-drinker), and physical activity (physical activity vs physical
inactivity). To assess the robustness of our findings, we performed a
series of sensitivity analyses. First, we did a complementary anal-
ysis using classification of BMI based on the Chinese criteria (un-
derweight, BMI <18.5 kg/m?; normal weight, BMI 18.5—23.9 kg/m?;
overweight, BMI 24.0-27.9 kg/m?; obesity, BMI >28 kg/m?).%!
Second, we excluded individuals with ASCVD at baseline. Third,
we excluded individuals with diabetes or hypertension at baseline.
Fourth, we excluded individuals with chronic kidney disease at
baseline. Fifth, we excluded individuals with cancer. Sixth, to
maximize statistical power and minimize bias that might occur if



Z. Cai, X. Yang, Z. Huang et al.

participants who attend only one health examination were
excluded from analyses, we repeated our analyses with the data
sets with imputed variables from multiple imputation by chained
equations. Finally, we also conducted a sensitivity analysis without
excluding participants aged >75 years. Data analyses were con-
ducted using SAS software (version 9.4, SAS Institute, Cary, NC,
USA). Two-sided statistical testing was performed, and P < 0.05 was
considered to represent statistical significance.

Results
Participant characteristics

Of the 132,540 participants who attended at least two health
examinations in Kailuan between 2006 and 2019, a total of 121,865
individuals of age 18—74 years were finally included in the study
(Fig. 1). The demographic and clinical characteristics of participants
are presented in Table 1. Participants for whom an assessment of
the change in BMI status over 10 years could be made had a mean
(standard deviation) age of 48.30 (11.42) years, and there was a
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higher proportion of men (61,891 [82.40%]) than women (13,216
[17.60%]). The mean (standard deviation) BMI of the participants
was 24.92 (3.35) kg/m%. Most of them had secondary education
(63,308 [84.29%]), 30,656 (40.82%) had hypertension, and 5999
(7.99%) had diabetes.

Sociodemographic factors and the BMI status transitions

In multivariate logistic regression analyses, we found that the
transition to higher BMI categories was most strongly associated
with age (Fig. 2). Young participants aged 18—24 years were at the
highest risk of transitioning to the higher BMI categories. Over the
10-year follow-up period, the adjusted OR for the transition from
the underweight or normal weight to the overweight or obesity in
the youngest group (18—24 years) was 2.42 (95% (I, 2.12—2.77) in
comparison with individuals aged 65—74 years. The absolute risk of
the transition from the underweight or normal weight BMI cate-
gory to the overweight or obesity BMI category increased from
21.16% for the 65—74 years age group to 40.62% for the 18—24 years
age group. In addition, we observed the weak obesity-depressing

measurement

146914 Participants initially attended a health examination in
Kailuan between 2006 and 2019 and had one BMI

14374 Participants who did not attend another

\ 4

health examination after their initial health
examinations were excluded

measurements

132540 Participants attended at least two health examinations
in Kailuan between 2006 and 2019 and had at least two BMI

10675 Excluded
5526 Diagnosis of pregnancy or viral
hepatitis during follow-up period

3241 Aged >75 years
1908 Missing BMI values at the
beginning or end of all three follow-up

intervals
A 4
121865 Included in the analysis
A 4
83363 Included in the 76954 Included in the 75107 Included in the
assessment of 2-year assessment of 6-year assessment of 10-year
BMI change BMI change BMI change

Fig. 1. Flowchart of enrollment of participants in this study. We regarded the time at which each participant first attended for a medical examination as the baseline and
respectively included individuals with follow-up intervals of 2, 6, and 10 years since their initial medical examinations.
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Table 1
Characteristics of the participants at baseline.

Public Health 218 (2023) 139—-145

Characteristics 2-year BMI change

6-year BMI change 10-year BMI change

(n = 83,363) (n =76,954) (n =175,107)
Age (years) 46.73 (12.12) 47.25 (11.95) 48.30 (11.42)
18—-24 3882 (4.66) 3299 (4.29) 2612 (3.48)
25-34 11,462 (13.75) 9739 (12.66) 7764 (10.34)
35-44 20,034 (24.03) 18,431 (23.95) 16,617 (22.12)
45-54 27,441 (32.92) 24,713 (32.11) 26,425 (35.18)
55—64 14,718 (17.66) 15,677 (20.37) 16,808 (22.38)
65—74 5826 (6.99) 5095 (6.62) 4881 (6.50)
Sex
Female 12,642 (15.17) 12,581 (16.35) 13,216 (17.60)
Male 70,721 (84.83) 64,373 (83.65) 61,891 (82.40)
BMI (kg/m?) 24.85 (3.36) 2491 (3.36) 24.92 (3.35)
<18.5 2019.0 (2.42) 1785.0 (2.32) 1688.0 (2.25)
18.5-24.9 42,222 (50.65) 38,550 (50.09) 37,517 (49.95)
25.0—29.9 33,452 (40.13) 31,186 (40.53) 30,639 (40.79)
>30.0 5670.0 (6.80) 5433.0 (7.06) 5263.0 (7.01)
Education level
Primary or below 5690 (6.83) 5856 (7.61) 5925 (7.89)
Secondary 69,364 (83.21) 64,606 (83.95) 63,308 (84.29)
Tertiary or above 8309 (9.97) 6492 (8.44) 5874 (7.82)

Family monthly income, ¥

<1000 21,204 (25.44)

1000—3000 40,226 (48.25)

>3000 21,933 (26.31)
Lifestyle

Smoke 33,239 (39.87)

Drink 34,859 (41.82)

Physical activity
Prevalence of chronic diseases

12,225 (14.66)

Myocardial infarction 655 (0.79)
Stroke 997 (1.20)
Hypertension 32,415 (38.88)
Diabetes 6734 (8.08)
Chronic kidney disease 83,444 (10.13)
Cancer 227 (0.27)

Antidiabetic drugs 1607 (1.93)

Diuretics 676 (0.81)

TC (mmol/L) 489 (1.11)

TG (mmol/L) 1.27 (0.87—1.94)

18,738 (24.35)
37,908 (49.26)
20,308 (26.39)

19,013 (25.31)
36,398 (48.46)
19,696 (26.22)

29,568 (38.42)
31,707 (41.20)
11,659 (15.15)

28,311 (37.69)
30,764 (40.96)
11,515 (15.33)

684 (0.89) 683 (0.91)
936 (1.22) 875 (1.17)
30,874 (40.12) 30,656 (40.82)
6069 (7.89) 5999 (7.99)
8977 (11.67) 8952 (11.92)
199 (0.26) 213 (0.28)
1546 (2.01) 1509 (2.01)
659 (0.86) 721 (0.96)
491 (1.12) 493 (1.12)
1.27 (0.89—-1.94) 1.28 (0.90—1.95)

BMI, body mass index; TC, total cholesterol; TG, triglyceride.

Data are presented as mean (standard deviation), median (interquartile range), or n (%).

effect of education. Education level (most educated vs least
educated OR, 0.75; 95% CI, 0.66—0.84) was less associated with this
transition. However, sex (men vs women OR, 1.05; 95% (I,
0.98—1.12) and income (most affluent vs least affluent OR, 0.99; 95%
CI, 0.93—1.05) were not significantly associated with this change.

In terms of the progression from overweight to obesity, the
adjusted OR for the transition from the overweight to the obesity in
the youngest group (18—24 years) was 2.85 (95% Cl, 2.17—3.75)
compared with the 65—74 years age group. The absolute risk of the
transition from the overweight to the obesity category increased
from 6.22% for the 65—74 years age group to 21.34% for the 18—24
years age group. As expected, the age-related patterns to the
transition to higher BMI categories over two and six years were
broadly similar to that identified over 10 years, except for the
transition from the underweight or normal weight to the over-
weight or obesity category over two years (Supplementary Table S1
and Table S2). Furthermore, the restricted cubic spline model
showed a reverse J-shaped or U-shaped dose—response relation-
ship between age and the risk of the transition to higher BMI cat-
egories across the three time intervals (all P-non-linearity <0.001;
Fig. 3, Supplementary Figure S1 and Figure S2).

Subgroup and sensitivity analysis

The subgroup analyses performed according to smoking status,
drinking status, and physical activity generated similar results to the
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main analysis (Supplementary Table S3—Table S5). Sensitivity ana-
lyses showed no substantial changes in the findings. Compared with
our main model, similar results were obtained when BMI was clas-
sified according to the Chinese criteria (Supplementary Table S6). In
addition, the estimated associations did not alter dramatically when
individuals with several chronic diseases were excluded separately
(Supplementary Table S7—Table S10). The results were generally
consistent with the main analysis when the missing data were
imputed using multiple imputation by chained equations
(Supplementary Table S11). The inclusion of participants aged >75
years did not significantly alter the results (Supplementary Table S12).

Discussion

In the longitudinal cohort study of Chinese adults, we found
age-dependent changes in the risk of weight gain and the youngest
adults (aged 18—24 years) had the highest relative and absolute risk
of shifting to higher BMI categories. Compared with age, education
level was less related to these transitions, whereas sex and income
were not significantly associated with these changes. Therefore,
community and healthcare strategies for the prevention and
management of overweight and obesity should target young adults
who are at the highest risk of weight gain.

The association between demographic factors and weight
change has been extensively researched in several cohort studies.
Consistent with our findings, other previous studies have also
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Underweight/normal-weight to overweight/obesity Overweight to obesity
Number of Absolute Number of Absolute
OR (95% CI) OR (95% CI)
transition  risk (%) transition  risk (%)

Age, years

18-24 749 40.62 242 (2.12-2.77) 134 21.34 —— 2.85(2.17-3.75)

25-34 1382 30.59 hd 1.58 (1.41-1.77) 332 12.34 o 1.83 (1.45-2.30)

35-44 2242 25.77 > 1.27 (1.14-1.41) 535 7.89 - 1.30 (1.05-1.61)

45-54 3159 23.57 1.14 (1.03-1.26) 811 7.21 1.22 (1.00-1.50)

55-64 1862 22.95 1.07 (0.97-1.19) 522 7.12 1.11 (0.91-1.37)

65-74 556 21.16 1 [Reference] 122 6.22 1 [Reference]
Sex

Female 1695 22.28 1 [Reference] 424 9.44 1 [Reference]

Male 8255 26.13 1.05 (0.98-1.12) 2032 7.77 0.99 (0.88-1.12)
Education level

Primary or below 779 26.38 1 [Reference] 229 9.20 1 [Reference]

Secondary 8291 25.19 L4 0.83 (0.77-0.91) 2014 7.77 * 0.76 (0.66-0.89)

Tertiary or above 880 26.39 * 0.75 (0.66-0.84) 213 9.60 0.83 (0.67-1.03)
Family monthly income, ¥

<1000 2404 26.39 1 [Reference] 628 7.77 1 [Reference]

1000-3000 4865 25.09 0.96 (0.90-1.01) 1186 8.13 1.04 (0.93-1.15)

>3000 2681 25.92 0.99 (0.93-1.05) 642 8.05 0.98 (0.88-1.11)

0 1 2 3 01 2 3 4
OR (95% CI) OR (95% CI)

Fig. 2. Absolute risks and odds ratios of shifting to higher BMI categories over 10 years. Odds ratios were additionally adjusted for baseline BMI, smoking status, drinking status,
physical activity, myocardial infarction, stroke, hypertension, diabetes, chronic kidney disease, cancer, the use of diuretics and antidiabetic drugs, total cholesterol, and triglycerides.

BMI, body mass index.

From underweight/normal-weight to overweight/obesity

P for non-linear trend < 0.001

Odds Ratio

1001,

Odds Ratio

From overweight to obesity

\ P for non-linear trend < 0.001

45.00

10.00 1875 27.50 36.25 62.50 71.25

Age (years)

80.00

10.00 1875 27.50 36.25 45.00 53.75 62.50 7n.25 80.00

Age (years)

Fig. 3. Restricted cubic spline of the association between age and BMI status transition over 10 years. Solid lines indicate odds ratios, and dashed lines indicate 95% Cls from
restricted cubic spline regression. The association was adjusted for gender, educational level, income, baseline BMI, smoking status, drinking status, physical activity, myocardial
infarction, stroke, hypertension, diabetes, chronic kidney disease, cancer, the use of diuretics and antidiabetic drugs, total cholesterol, and triglycerides. The maximum age (74 years)

was chosen as a reference. Cl, confidence interval.

shown that young people are at a higher risk of weight gain than
older people. An epidemiological study of the US CARDIA cohort
revealed that weight gain is greatest among people in their 20s.??
Caman et al.>®> showed in a Swedish cohort that the increase in
BMI with increasing age is higher in younger individuals than in
older individuals. A longitudinal study of an Austrian cohort by
Peter et al.>* showed that body weight increases between 20 and 70
years of age, with the largest increase occurring in men aged 20—25
years. However, most of these previous studies that focused on only
one or a limited number of sociodemographic factors did not
involve the collection of information necessary to assess several
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risk factors or use self-reported weight which is associated with the
risks of reporting or recall bias. The present study, conducted in a
large Chinese population—based cohort and involving long-term
follow-up, has the strength that numerous accurate and reliable
BMI measurements were made, and this has extended previous
findings by evaluating the joint effect of four significant socio-
demographic factors (age, sex, educational level, and income) on
the change in BMI category.

The population-based longitudinal study conducted in the
United Kingdom, similar in design to the present study, has re-
ported similar findings.'® However, we did not identify evident
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associations between age and the transition from underweight or
normal weight to the overweight or obesity category over the two
year follow-up period. This may be attributed to the short-term
changes in weight being more susceptible to multiple factors."”
Additional studies are warranted to better elucidate the short-
term effects of age on weight gain in Chinese population.
Although the magnitude of the decrease in OR associated with
weight gain with increasing age appears to differ according to
discrepancies in geographical region and demographic character-
istics of study population, both the present study and the UK study
have demonstrated that young adults are at the highest risk of
weight gain, which emphasizes that future prevention strategies
for overweight and obesity should focus on young adults.

The mechanisms underlying the higher risk of weight gain in
young adults remain unclear, but there are several possible expla-
nations. First, at the population level, obesity is primarily driven by
environmental effects that diminish the ability of people to make
decisions regarding their own behavior.””> Young adults confront
unique challenges in their living environment, and numerous
beverage and fast-food companies target young people, increasing
their access to high-calorie foods.?® In contrast, older people may
follow more traditional lifestyles and have higher dietary fiber
consumption. In addition to the physical environment, interper-
sonal relationships have an impact on the weight status of young
adults and their willingness to lose weight.?’ Young adults with
overweight or obesity tend to have more overweight friends, rel-
atives, and romantic partners than their peers who are not over-
weight.”® When living in these obesogenic environments, it may be
challenging to maintain a healthy weight. Furthermore, at the in-
dividual level, a poor lifestyle with respect to diet and physical
activity contributes to weight gain in an increasing number of in-
dividuals. Most young people have unhealthy dietary habits,
including substantial consumption of fast food and sugary drinks
and more frequent binge eating.> >' In addition, physical inac-
tivity by young people because of a lack of time, motivation, and
social support would further increase this weight gain.>> >4

The findings of the present study have important clinical and
public health implications. Data obtained during the Global Burden
of Overweight and Obesity Study show that the prevalence of
overweight and obesity is lower in young people than in older
adults, but that weight gain is most rapid in those aged 20—40
years.>® Our findings also show that the risk of weight gain is higher
in young people than in older people. Thus, most adults are at high
risk for overweight and obesity in early adulthood (18—44 years)
rather than in late adulthood. Clinical studies have shown that the
use of various weight loss interventions, including lifestyle in-
terventions, medication, and bariatric surgery, are associated with
huge challenges to the maintenance of this weight loss over time,
despite good short-term outcomes.>® 38 Therefore, the prevention
of obesity is particularly important in early adulthood before the
onset of obesity. Moreover, weight gain between early and mid-
adulthood is associated with higher risks of morbidity and mor-
tality related to several chronic diseases in later life, including type
2 diabetes, cardiovascular disease, cancer, and non-traumatic
death.>**® Our findings advocate for efforts to prevent over-
weight and obesity to extend to younger people to reduce the
lifetime risk for developing major non-communicable diseases.

This study has several limitations. First, although many potential
confounders were adjusted for in our analysis, we were unable to
directly adjust for psychological disorders because those important
covariates were not available in the Kailuan study. These and other
unmeasured factors may cause residual confounding. Second, an
additional limitation was the lack of consideration of dietary pat-
terns. However, many obesogenic drivers could have distal effects
on obesity.*! For example, income inequality and chronic diseases
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might convert to higher obesity prevalence through a number of
pathways, such as through changes in dietary patterns and psy-
chosocial effects. Hence, dietary patterns might be mediators rather
than confounders of age-dependent changes in BMI increase,
which merit further study. Finally, the participants were all em-
ployees and retirees of the Kailuan Group and were mostly male.
The homogeneity of geographical region and ethnicity may help
minimize confounding and enhance the internal validity, but this
would limit the generalizability of the findings.

Conclusions

The risk of weight gain in Chinese adults is age dependent.
Young adults were found to be at significantly higher risk of weight
gain than older age groups. Early adulthood may be the optimal
timing for overweight and obesity prevention interventions. These
findings underscore the importance of providing young adults with
clear public health information because they may underestimate
their risk of weight gain and imply that young adults should adhere
to obesity prevention strategies and individual weight manage-
ment interventions.

Author statements
Acknowledgments

The authors thank all the members of the Kailuan Study Team
for their contribution and the participants who contributed their
data.

Ethical approval

The Ethics Committee of Kailuan Hospital approved this cohort
study, and written informed consent was provided by all the par-
ticipants. This study was conducted in accordance with Helsinki
Principles. Data obtained from all participants were kept
confidential.

Funding

This work was supported by the National Natural Science
Foundation of China (No. 81870312) and the Medical Science and
Technology Foundation of Guangdong Province (A2021042).

Competing interests
None declared.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.puhe.2023.03.004.

References

1. Collaboration NCDRF. Trends in adult body-mass index in 200 countries from
1975 to 2014: a pooled analysis of 1698 population-based measurement
studies with 19.2 million participants. Lancet 2016;387:1377—-96.

2. Nyberg ST, Batty GD, Pentti ], Virtanen M, Alfredsson L, Fransson EI, et al.
Obesity and loss of disease-free years owing to major non-communicable
diseases: a multicohort study. Lancet Public Health 2018;3:e490—7.

3. WHO Obesity and overweight. [Updated 9 June, 2021; cited 2023 February 5];
Available from: https://www.who.int/news-room/fact-sheets/detail/obesity-
and-overweight.

. Collaboration NCDRF. Worldwide trends in body-mass index, underweight,
overweight, and obesity from 1975 to 2016: a pooled analysis of 2416
population-based measurement studies in 128.9 million children, adolescents,
and adults. Lancet 2017;390:2627—42.


https://doi.org/10.1016/j.puhe.2023.03.004
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref1
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref1
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref1
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref1
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref2
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref2
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref2
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref2
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref4
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref4
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref4
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref4
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref4

Z. Cai, X. Yang, Z. Huang et al.

5.

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Wau Y, Benjamin EJ, MacMahon S. Prevention and control of cardiovascular
disease in the rapidly changing economy of China. Circulation 2016;133:
2545-60.

. Wang L, Zhou B, Zhao Z, Yang L, Zhang M, Jiang Y, et al. Body-mass index and

obesity in urban and rural China: findings from consecutive nationally repre-
sentative surveys during 2004-18. Lancet 2021;398:53—63.

. Wang Y, Zhao L, Gao L, Pan A, Xue H. Health policy and public health impli-

cations of obesity in China. Lancet Diabetes Endocrinol 2021;9:446—61.

. Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K, Lee A, et al. Health ef-

fects of overweight and obesity in 195 countries over 25 years. N Engl ] Med
2017;377:13-27.

. Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini F, Straif K. Body

fatness and cancer-viewpoint of the IARC working group. N Engl | Med
2016;375:794-8.

Caleyachetty R, Thomas GN, Toulis KA, Mohammed N, Gokhale KM,
Balachandran K, et al. Metabolically healthy obese and incident cardiovascular
disease events among 3.5 million men and women. ] Am Coll Cardiol 2017;70:
1429-37.

Pi-Sunyer X. The medical risks of obesity. Postgrad Med 2009;121:21—-33.
Bray GA, Heisel WE, Afshin A, Jensen MD, Dietz WH, Long M, et al. The science
of obesity management: an endocrine society scientific statement. Endocr Rev
2018;39:79—-132.

Heymsfield SB, Wadden TA. Mechanisms, pathophysiology, and management
of obesity. N Engl ] Med 2017;376:254—66.

Kumanyika S, Dietz WH. Solving population-wide obesity - progress and future
prospects. N Engl ] Med 2020;383:2197—200.

Bray GA, Frithbeck G, Ryan DH, Wilding JP. Management of obesity. Lancet
2016;387:1947—-56.

Katsoulis M, Lai AG, Diaz-Ordaz K, Gomes M, Pasea L, Banerjee A, et al. Iden-
tifying adults at high-risk for change in weight and BMI in England: a longi-
tudinal, large-scale, population-based cohort study using electronic health
records. Lancet Diabetes Endocrinol 2021;9:681—94.

Wu S, An S, Li W, Lichtenstein AH, Gao ], Kris-Etherton PM, et al. Association of
trajectory of cardiovascular health score and incident cardiovascular disease.
JAMA Netw Open 2019;2:e194758.

Wau Z, Jin C, Vaidya A, Jin W, Huang Z, Wu S, et al. Longitudinal patterns of
blood pressure, incident cardiovascular events, and all-cause mortality in
normotensive diabetic people. Hypertension 2016;68:71—7.

Obesity: preventing and managing the global epidemic. Report of a WHO
consultationvol. 894. World Health Organization technical report series; 2000.
i-xii, 1-253.

Wang C, Yuan Y, Zheng M, Pan A, Wang M, Zhao M, et al. Association of age of
onset of hypertension with cardiovascular diseases and mortality. ] Am Coll
Cardiol 2020;75:2921-30.

Zhou BF. Predictive values of body mass index and waist circumference for risk
factors of certain related diseases in Chinese adults-study on optimal cut-off
points of body mass index and waist circumference in Chinese adults. Bio-
med Environ Sci : BES (Biomed Environ Sci) 2002;15:83—96.

Dutton GR, Kim Y, Jacobs Jr DR, Li X, Loria CM, Reis JP, et al. 25-year weight gain
in a racially balanced sample of U.S. adults: the CARDIA study. Obesity 2016;24:
1962-8.

Caman OK, Calling S, Midlov P, Sundquist ], Sundquist K, Johansson SE. Lon-
gitudinal age-and cohort trends in body mass index in Sweden-a 24-year
follow-up study. BMC Publ Health 2013;13:893.

145

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Public Health 218 (2023) 139—145

Peter RS, Fromm E, Klenk ], Concin H, Nagel G. Change in height, weight, and
body mass index: longitudinal data from Austria. Am J Hum Biol 2014;26:
690—6.

Roberto CA, Swinburn B, Hawkes C, Huang TT, Costa SA, Ashe M, et al. Patchy
progress on obesity prevention: emerging examples, entrenched barriers, and
new thinking. Lancet 2015;385:2400—9.

Nelson MC, Story M, Larson NI, Neumark-Sztainer D, Lytle LA. Emerging
adulthood and college-aged youth: an overlooked age for weight-related
behavior change. Obesity 2008;16:2205—11.

Christakis NA, Fowler JH. The spread of obesity in a large social network over
32 years. N Engl ] Med 2007;357:370-9.

Leahey TM, Gokee LaRose ], Fava JL, Wing RR. Social influences are associated with
BMI and weight loss intentions in young adults. Obesity 2011;19:1157—-62.
Duffey K], Gordon-Larsen P, Jacobs Jr DR, Williams OD, Popkin BM. Differential
associations of fast food and restaurant food consumption with 3-y change in
body mass index: the Coronary Artery Risk Development in Young Adults
Study. Am J Clin Nutr 2007;85:201—8.

Niemeier HM, Raynor HA, Lloyd-Richardson EE, Rogers ML, Wing RR. Fast food
consumption and breakfast skipping: predictors of weight gain from adolescence
to adulthood in a nationally representative sample. J Adolescent health: Official
Publication of the Society for Adolescent Medicine 2006;vol. 39:842—9.

Huffman L, West DS. Readiness to change sugar sweetened beverage intake
among college students. Eat Behav 2007;8:10—4.

Greaney ML, Less FD, White AA, Dayton SF, Riebe D, Blissmer B, et al. College
students' barriers and enablers for healthful weight management: a qualitative
study. J Nutr Educ Behav 2009;41:281—6.

Nelson MC, Kocos R, Lytle LA, Perry CL. Understanding the perceived de-
terminants of weight-related behaviors in late adolescence: a qualitative
analysis among college youth. ] Nutr Educ Behav 2009;41:287—92.

Poobalan AS, Aucott LS, Clarke A, Smith WC. Physical activity attitudes, in-
tentions and behaviour among 18-25 year olds: a mixed method study. BMC
Publ Health 2012;12:640.

Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global,
regional, and national prevalence of overweight and obesity in children and
adults during 1980-2013: a systematic analysis for the Global Burden of Dis-
ease Study 2013. Lancet 2014;384:766—81.

Odom J, Zalesin KC, Washington TL, Miller WW, Hakmeh B, Zaremba DL, et al.
Behavioral predictors of weight regain after bariatric surgery. Obes Surg
2010;20:349—-56.

Gursoy A, Erdogan MF, Cin MO, Cesur M, Baskal N. Comparison of orlistat and
sibutramine in an obesity management program: efficacy, compliance, and
weight regain after noncompliance. Eating and weight disorders. EWD
2006;11:e127-32.

Langeveld M, DeVries JH. The long-term effect of energy restricted diets for
treating obesity. Obesity 2015;23:1529—-38.

Jia G, Shu XO, Liu Y, Li HL, Cai H, Gao ], et al. Association of adult weight gain
with major health outcomes among middle-aged Chinese persons with low
body weight in early adulthood. JAMA Netw Open 2019;2:e1917371.

Zheng Y, Manson JE, Yuan C, Liang MH, Grodstein F, Stampfer M], et al. Asso-
ciations of weight gain from early to middle adulthood with major health
outcomes later in life. JAMA 2017;318:255—69.

Swinburn BA, Sacks G, Hall KD, McPherson K, Finegood DT, Moodie ML, et al.
The global obesity pandemic: shaped by global drivers and local environments.
Lancet 2011;378:804—14.


http://refhub.elsevier.com/S0033-3506(23)00086-0/sref5
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref5
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref5
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref5
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref6
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref6
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref6
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref6
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref7
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref7
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref7
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref8
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref8
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref8
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref8
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref9
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref9
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref9
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref9
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref10
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref10
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref10
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref10
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref10
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref11
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref11
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref12
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref12
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref12
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref12
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref13
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref13
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref13
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref14
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref14
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref14
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref15
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref15
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref15
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref16
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref16
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref16
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref16
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref16
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref17
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref17
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref17
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref18
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref18
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref18
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref18
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref19
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref19
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref19
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref20
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref20
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref20
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref20
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref21
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref21
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref21
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref21
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref21
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref22
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref22
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref22
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref22
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref23
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref23
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref23
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref24
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref24
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref24
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref24
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref25
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref25
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref25
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref25
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref26
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref26
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref26
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref26
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref27
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref27
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref27
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref28
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref28
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref28
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref29
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref29
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref29
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref29
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref29
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref30
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref30
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref30
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref30
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref30
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref31
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref31
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref31
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref32
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref32
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref32
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref32
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref33
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref33
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref33
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref33
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref34
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref34
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref34
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref35
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref35
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref35
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref35
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref35
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref36
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref36
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref36
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref36
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref37
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref37
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref37
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref37
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref37
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref38
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref38
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref38
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref39
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref39
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref39
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref40
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref40
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref40
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref40
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref41
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref41
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref41
http://refhub.elsevier.com/S0033-3506(23)00086-0/sref41

	Age-dependent changes in the risk of weight gain in Chinese adults: results from the Kailuan cohort study
	Introduction
	Material and methods
	Study population
	Assessment of sociodemographic variables
	Assessment of BMI status
	Assessment of covariates
	Statistical analysis

	Results
	Participant characteristics
	Sociodemographic factors and the BMI status transitions
	Subgroup and sensitivity analysis

	Discussion
	Conclusions

	Author statements
	Acknowledgments
	Ethical approval
	Funding
	Competing interests

	Appendix A. Supplementary data
	References


