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Abstract

Objective This study aims to investigate the 10-year trends and disparities in underweight, overweight, and obesity
among older adults aged 65 years and older in China from 2008 to 2018.

Methods We used four waves (2008, 2011, 2014, and 2018) of data from the Chinese Longitudinal Healthy Longevity
Survey (CLHLS), a national community-based cross-sectional survey conducted every 2-3 years. Body weight and
height were measured by trained assessors following standardized procedures. BMI was calculated and divided into
underweight (< 18.5 kg/m?), normal (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), obese (= 30.0 kg/m?) according
to WHO reference. Multinomial logistic regression models were used to examine factors related with abnormal BMI
groups, after adjusting for potential confounders.

Results Among 46,543 older adults in China, the prevalence rates of underweight decreased with each survey year
from 2008 to 2018, declining from 20.05 to 7.87% (p <0.001). In contrast, the prevalence rates of overweight and
obesity showed an increasing trend (all p <0.001). Specifically, the prevalence of overweight rose from 12.82% to 2008
t0 28.45% in 2018, and the prevalence of obesity increased from 1.62% to 2008 to 4.95% in 2018. In the multinomial
logistic regression model, survey year, gender, residence, marital status, economic status, numbers of chronic diseases,
smoking status, sleep quality, and functional disability were factors related with obesity.

Conclusion The prevalence rates of overweight and obesity were increasing while the prevalence of underweight
and normal weight significantly decreased from 2008 to 2018 among older adults in China, which poses a huge
challenge for chronic disease. There is an urgent need for intervention policy planning and early prevention of
abnormal body weight for the preparation of an aging society.
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Background

Overweight and obesity represent significant global pub-
lic health concerns [1]. The prevalence of obesity world-
wide has nearly tripled over the past approximately 50
years, reaching alarming levels. This poses a significant
threat to public health as it is closely associated with vari-
ous leading causes of morbidity and mortality, including
coronary heart disease, cancers, hypertension, and type
2 diabetes mellitus [1-3]. A recent study combined con-
ventional age-period projections with the concept of a
wave-shaped obesity epidemic to predict the long-term
prevalence of obesity in 18 European countries and the
United States. The study indicated that obesity preva-
lence is expected to peak between 2026 and 2054, with
the USA and UK reaching the highest maximum lev-
els initially [4]. Although the USA and Europe currently
have the highest obesity prevalence rates, obesity has
also emerged as a significant public health issue in China,
leading to substantial national healthcare expenditures
[5].

Previous studies have demonstrated that average body
weight steadily increases with age and reaches its peak
between the ages of 50 to 65 years [2, 6]. However, the
results of different countries were quite different [6, 7].
Considerable attention should be paid to the study of
body weight issues among older adults because of the
accelerated aging progress across the world [8]. As the
most important developing country with the largest
number of elderly people in the world, China is also con-
fronted with the challenges of population aging [9]. The
national prevalence estimates for overweight and obesity
in adults aged =18 years old in China for the period 2015-
19 were 34.3% and 16.4%, respectively, and the prevalence
varied based on sex, age group, and geographical location
[5]. Findings from the China Chronic Disease and Risk
Factors Surveillance program, which was established in
2004, showed that the obesity prevalence among partici-
pants aged 18-69 years increased from 3.1% to 2004 to
8.1% in 2018 [10]. However, there is insufficient evidence
focusing on trends in overweight and obesity prevalence
among older adults in China. The Chinese Longitudinal
Healthy Longevity Survey (CLHLS), which is another
national tracking study focusing on the health status of
older adults in China, provides us with the opportunity
to better address the issues of underweight, overweight,
and obesity among older adults [11].

In this study, we aimed to investigate the trends and
disparities in body weight change among older adults
aged 65 years and older in China from 2008 to 2018 and
provide some information for more targeted policies,
using the national cross-sectional data from eight repre-
sentative health surveys among older adults conducted in
China in 2008, 2011, 2014, and 2018.
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Methods

Study population and data source

This is a national observational study using data from
the Chinese Longitudinal Healthy Longevity Survey
(CLHLS). The CLHLS aimed at investigating the deter-
minants of healthy longevity among the older Chinese
population aged 65+and covered 22 of 31 provinces in
mainland China [12, 13]. The survey was conducted ran-
domly in about half of the cities/counties in 22 out of
31 provinces in mainland China, covering about 85% of
the national population. The surveys investigated socio-
economic information, history of health, life habits, and
other information by questionnaire and health status by
physical examinations. It began in 1998 and continued
in 2000, 2002, 2005, 2008, 2011, 2014, and 2018, with
about a 90% response rate for each wave [14]. Nearly
one-third of participants from each wave were from the
previous wave, and the rest were new recruits because of
the mixed longitudinal design of CLHLS. To reduce the
selection bias in different waves and ensure the consis-
tency of the study population, new recruits were selected
based on the similarities in gender, age, and general char-
acteristics with those who were lost during the follow-up.
More details of the CLHLS study design can be found
elsewhere [12-14].

There was a total of 50,870 participants in the four
waves included in our study (16,954 in 2008, 10,850 in
2011, 7,192 in 2014, and 15,874 in 2018). Among them,
we excluded 3,607 participants who had missing data on
Body Mass Index (BMI) and 720 participants aged below
65 years, yielding 46,543 participants (91.49%) in the final
study (Fig. 1). Of which participants aged<79 years old
accounted for 81.93%, 80-89 years old accounted for
16.33%, 90-99 years old accounted for 1.70%, and >100
years old accounted for 0.04%.

Body mass index

All information was obtained in the homes of partici-
pants through face-to-face questionnaire interviews
and physical health examinations by trained investiga-
tors. Body weight (in kilograms) and height (in centi-
meters) were measured by trained assessors following
standardized procedures. BMI was calculated by using
the unified formula in National Center for Health Statis-
tics as bodyweight (kg) divided by squared body height
(m?). Participants were divided into four groups accord-
ing to their BMI using the standard weight status cat-
egories from WHO reference, including underweight
(BMI<18.5 kg/m?), normal (BMI 18.5-24.9 kg/m?), over-
weight (BMI 25.0-29.9 kg/m?), obese (BMI>30.0 kg/m?).

Explanatory variables
Following previous studies [14—17], we included explana-
tory variable groups derived from the CLHLS in this
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50870 individuals in the 2008-2018 surveys

* 16954 individuals in the 2008 national survey
* 10850 individuals in the 2011 national survey
* 7192 individuals in the 2014 national survey
* 15874 individuals in the 2018 national survey

3607 individuals with missing data

on BMI

A

47263 individuals in the 2008-2018 waves

—>{

720 individuals aged below 65 years

46543 individuals included the final study

Fig. 1 Flowchart of the inclusion of participants. Notes: BMI, Body Mass Index

study, such as wave indicators (investigation years),
demographic factors, socioeconomic status, lifestyle
habits, and health conditions variables. Demographic
factors included region (urban or rural), gender (male
or female), age groups (<79 years,80-89,90-99 or 2100
years), marital status (unmarried, married, or divorced or
widowed), and living patterns (living with family mem-
bers, living in an institution, or living alone). Socioeco-
nomic status included years of schooling (0 years or =1
years), economic status compared with other local people
(poor, fair, or rich). Lifestyle habits included smoking sta-
tus (never, previous, or current), alcohol intaking status
(never, previous, or current), regular exercise (never, pre-
vious, or current), dietary diversity (poor, moderate, or
good), participating in organized social activities (almost
every day, sometimes, or never). Dietary diversity was
evaluated as poor (0-3), moderate [4—6], or good [7-9]
by the calculated dietary diversity score (0-9) reflect-
ing the consumption numbers of nine types of food
groups (meat, vegetables, fish, eggs, fruits, legumes, milk,
tea, and nuts) [18]. Health status included body mass
index(BMI) (underweight, normal weight, overweight,
or obesity), numbers of chronic diseases (0, 1, or >2),
functional disability (no or yes), sleeping quality (good or
bad), sleeping length(<5 h, 5-9 h, or 29 h), self-reported
health (good, fair, or poor), self-reported quality of life
(good, fair, or poor). Functional disability was defined
as the self-reported difficulty with any of the following

activities of daily living (ADL) items, such as dressing,
eating, bathing, continence, toileting and cleaning, or
indoor movement [18].

Statistical analysis

Baseline characteristics were presented as propor-
tions for categorical variables. Pearson Chi-square tests
for trends were used to compare the prevalence rates
of abnormal body weights between different baseline
characteristics groups, such as survey year, gender, age
groups. The multinomial logistic regression model was
used to further assess the association between abnormal
body weight and potential related factors. In the multi-
nomial logistic regression model, we included survey
year, gender, age groups, marital status, residence, eco-
nomic status, living pattern, education level, numbers of
chronic diseases, smoking status, alcohol intaking status,
regular exercise, dietary diversity, sleeping quality, sleep-
ing length, housework, outdoor activities, functional dis-
ability, self-reported quality of life, self-reported health.
In the sensitive analysis, we divided age by per 5 years
(65—69, 70-74, 75-79, 80-84, 85-89, =90 years old)
instead of 10 years to examine the robust of the results
in the models. A two-tailed P-value of less than 0.05 was
considered statistically significant. All the analyses above
were performed using Statistical Product and Service
Solutions (SPSS 25.0).
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Results

Characteristics of the study participants

We included a total of 46,543 participants in four waves
of CLHLS surveys in 2008, 2011, 2014 and 2018 (sup-
plemental Table 1). The mean BMI of all subjects was
22.56£3.98 kg/m?, with 22.51+3.69 kg/m? for males and
22.61£4.23 kg/m? for females. BMI increased over the
years from 2008 to 2018 in both men, women and the
all subjects (p<0.001) in Fig. 2A. Significant differences
were observed in the distribution of survey year, gen-
der, living area, family economic status, living pattern,
education level, number of chronic diseases, smoking,
drinking, regular exercise, dietary diversity score, sleep
duration, sleep quality, housework, outdoor sports and
other factors in different years (all p<0.001). Except for

354 A

p<0.001

p<0.001
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the 2100 years old group, BMI in other age groups also
showed a trend of increasing with the years (p<0.001) in
Fig. 2B.

Trends of underweight, overweight, and obesity

From 2008 to 2018, the rate of the underweight and nor-
mal weight decreased with each passing year, and the
rate of overweight was increasing in the older people
in China(Fig. 2B, p<0.05).The prevalence rates of over-
weight and obesity were higher in female than in male
(overweight: 20.37% vs. 19.88%; obesity: 4.79% vs. 2.60%,
p<0.05). Furthermore, the prevalence of overweight and
obesity decreased with age but increased among older
adults residing in urban areas, higher economic levels,
non-smokers and non-drinkers, those experiencing more

p<0.001

Means of BMI (Kg/m?)

2008 2011 2014 2018

354 B

p<0.001 p<0.001

2008 2011 2014 2018

1 T 1

Hm Male

E Female
B Total

2008 2011 2014 2018

p<0.001 p=0.964

Means of BMI (Kg/m?)

2008 20112014 2018

Hl <=79 years B3 80-89 years

2008 20112014 2018

2008 201120142018 2008 2011 2014 2018

E= 90-99 years B >=100 years

Fig. 2 Trends of BMI in different survey years of 2008, 2011, 2014, and 2018. Notes: BMI, Body Mass Index
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than 2 chronic diseases, and older adults with higher
dietary diversity scores, in comparison to their counter-
parts, respectively (all p<0.05, as shown in Table 1). The
rates of underweight were higher in females compared to
males (15.28% vs. 12.25%, p<0.05). Additionally, under-
weight rates increased with age and were also higher
among divorced or widowed individuals, older adults
residing in rural areas, those with poor family conditions,
current smokers or drinkers, and those sleeping less than
5 h, in comparison to their counterparts, respectively (all
p<0.05).

Factors associated with underweight

In the multinomial logistic regression model, older adults
in China were significantly more likely to be under-
weight from 2008 to 2014 compared to the participants
in 2018, with a decreasing risk though (OR=2.33 in 2008,
95% CI: 2.13-2.55; OR=1.81 in 2011, 95% CI: 1.64-2.01;
OR=1.25 in 2014, 95% CI: 1.11-1.41), after adjusted for
other factors (as shown in Table 2). Moreover, male par-
ticipants were less likely to be underweight compared to
female (OR=0.73, 95% CI: 0.67—-0.80). Older adults living
in urban areas (OR=0.72, 95% CI: 0.68—0.77), the cur-
rently married (OR=0.86, 95% CI: 0.80—0.93) and those
with good sleep quality (OR=0.86, 95% CI: 0.80-0.92)
had a lower chance of being underweight compared to
counterparts, respectively. When comparing the good
dietary diversity scores, the results showed that the
elderly with poor and fair scores were more likely to be
underweight (OR=1.35, 95% CI: 1.22-1.48; OR=1.16,
95% CI: 1.06-1.26).

Factors associated with overweight and obesity

Compared to female, male participants were less likely
to be overweight or obese (OR=0.88, 95% CI: 0.82—0.95;
OR=0.60, 95% CI: 0.51-0.70, as shown in Table 2).
When comparing the dietary diversity scores and the
ADL groups, the results showed that older adults with
poor and medium scores (OR=0.72, 95% CI: 0.66-0.78;
OR=0.86, 95% CI: 0.80-0.91) and those without any
functional disability (OR=0.79, 95% CI: 0.70—0.89) had
a lower likelihood of being overweight or obese (poor
dietary diversity scores: OR=0.70, 95% CI: 0.59-0.83;
medium dietary diversity scores: OR=0.87, 95% CI:
0.76-0.99; Independent: OR=0.58, 95% CIL: 0.47-0.71)
compared to counterparts, respectively. Compared with
the divorced or widowed, the married and the unmarried
were more likely to be overweight (OR=1.19, 95% CI:
1.11-1.28; OR=1.48, 95% CI: 1.15-1.89). The regression
analysis also revealed that older adults living in urban
areas (OR=1.23, 95% CI: 1.16-1.30; OR=1.26, 95% CIL:
1.12-1.42) and with good sleep quality (OR=1.24, 95%
CIL: 1.17-1.32; OR=1.26, 95% CI: 1.11-1.42) had more
chances of being overweight or obesity compared to
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counterparts respectively. The results were similar in the
sensitive analysis (supplemental Tables 2—4).

Discussion

China has the highest number of older adults glob-
ally, with approximately 180 million individuals aged
65 years and older, a significant portion of whom suffer
from one or more chronic diseases, accounting for 75%
of this population [19]. Abnormal body weight is known
to be associated with various chronic conditions, leading
to significant national healthcare expenditures [20]. We
found that obesity prevalence was increasing in all age
groups and genders, regardless of geographical location,
race or socioeconomic status and especially in the elderly,
which was similar to the trends of obesity in other age
groups [5, 20]. Our results also show that the prevalence
of overweight and obesity increased along with year,
which is consistent with other studies [5, 21]. Ampofo et
al. [21] utilized prophet models and time-series data from
the WHO Global Health Observatory data repository to
forecast the prevalence of obesity in 185 countries. They
found that obesity prevalence in China was predicted to
be 12% in 2030, and called for more urgent attention and
effective future interventions.

The obesity prevalence rate found in our study in 2018
(4.95%) was slightly higher than that reported in some
Asian countries, such as 4.3% in Japan and 4.7% in Korea
[22]. However, it was significantly lower than the rates
reported in Western countries, such as 23.1% in the Rus-
sian Federation, 28.3% in Canada, 42.8% in the USA,
23.1% in Germany, 20.8% in France, and 20.9% in Spain
[22-25]. In the China Chronic Disease and Risk Factors
Surveillance program, the prevalence of obesity among
adults aged 18-69 years was reported as 8.1%, which
was higher than the findings in our study. This differ-
ence could be attributed to variations in the age groups
targeted in the two national studies. Additionally, the
rates of obesity varied widely across different regions
and countries, likely influenced by environmental factors
that promote obesity. Factors such as improved living
conditions, which may lead to improved nutrition and
increased calorie intake, the presence of chronic condi-
tions like arthritis that can limit mobility, and the popu-
larity of indoor recreational activities that reduce outdoor
physical activities, among others, contribute to this varia-
tion [5, 26, 27]. In our results, the rates of overweight and
obesity increase among older adults living in the urban
areas, rich families, who never smoke or drink, suffering
from more than 2 chronic diseases and older adults with
good dietary diversity score compared to their counter-
parts respectively. Our result is consistent with the possi-
ble reasons proposed above. In the regression models, we
found that adults with poor and medium dietary diversity
scores and those without any functional disability had
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Table 1 Comparison of characteristics among 46,543 older adults by BMI groups

Total Normal Underweight Overweight Obesity p value
Survey year <0.001
2008 16,108 10,554(65.52) 3229(20.05) 2065(12.82) 260(1.62)
2011 9166 5703(62.22) 1370(14.95) 690(18.44) 403(4.39)
2014 6390 4013(62.80) 656(10.27) 1383(21.64) 338(5.29)
2018 14,879 8738(58.73) 1172(7.87) 4232(28.45) 737(4.95)
Gender <0.001
Male 22,518 14,698(65.27) 2757(12.25) 4476(19.88) 586(2.60)
Female 24,025 14,310(59.56) 3670(15.28) 4894(20.37) 1151(4.79)
Age groups (years) <0.001
<79 38,133 23,797(62.40) 4522(11.86) 8305(21.78) 1510(3.96)
80-89 7599 4745(62.45) 1653(21.75) 991(13.04) 211Q2.77)
90-99 792 456(57.57) 246(31.03) 73(9.27) 17(2.13)
>100 19 10(53.30) 7(38.63) 1(5.90) 0(2.17)
Marital status <0.001
Unmarried 591 369(62.51) 95(16.08) 119(20.11) 8(1.30)
Married 30,498 19,021(62.37) 3581(11.74) 6777(22.22) 1119(3.67)
Divorced or widowed 15,219 9474(62.25) 2731(17.95) 2421(15.91) 593(3.89)
Category of residence <0.001
Urban (city and town) 21,402 13,128(61.34) 2183(10.20) 5114(23.90) 977(4.56)
Rural 25,140 15,881(63.17) 4244(16.88) 4256(16.93) 760(3.02)
Economic status <0.001
Rich 7305 4448(60.89) 738(10.10) 1770(24.22) 349(4.78)
Fair 33,165 20,923(63.09) 4361(13.15) 6700(20.20) 1181(3.56)
Poor 5875 3513(59.80) 1310(22.30) 861(14.66) 190(3.24)
Living pattern <0.001
Living with family members 38,725 24,122(62.29) 5258(13.58) 7913(20.43) 1432(3.70)
Living in an institution 577 350(60.63) 89(15.38) 114(19.71) 25(4.28)
Living alone 6949 4396(63.26) 1043(15.00) 1245(17.91) 266(3.83)
Education level (years) <0.001
0 18,623 11,512(61.82) 3294(17.69) 3121(16.76) 697(3.74)
>1 years 27,919 17,496(62.67) 3134(11.22) 6250(22.38) 1040(3.73)
Numbers of chronic diseases <0.001
0 15,557 10,559(67.87) 2345(15.08) 2268(14.58) 385(2.48)
1 14,465 9002(62.23) 2127(14.71) 2825(19.53) 510(3.53)
>2 15,811 9007(56.97) 1842(11.65) 4141(26.19) 821(5.19)
Smoking status <0.001
Never 28,867 17,546(60.78) 3914(13.56) 6115(21.18) 1293(4.48)
Previous 6910 4427(64.06) 873(12.63) 1425(20.63) 185(2.68)
Current 10416 6851(65.77) 1614(15.49) 1751(16.81) 200(1.92)
Alcohol intaking status <0.001
Never 26,997 16,302(60.38) 3748(13.88) 5718(21.18) 1229(4.55)
Previous 4315 2822(65.38) 518(12.00) 853(19.77) 123(2.85)
Current 10416 6851(65.77) 1614(15.49) 1751(16.81) 200(1.92)
Regular exercise <0.001
Never 24,526 15,525(63.30) 3867(15.77) 4344(17.71) 790(3.22)
Previous 3219 2021(62.77) 599(18.61) 493(15.33) 106(3.29)
Current 18,370 11,210(61.03) 1907(10.38) 4433(24.13) 820(4.46)
Dietary diversity <0.001
Poor 12,357 7708(62.37) 2279(18.44) 1964(15.90) 406(3.28)
Moderate 23,764 14,957(62.94) 3174(13.36) 4764(20.05) 868(3.65)
Good 10,343 6277(60.69) 973(941) 2631(25.44) 462(4.46)
Sleeping quality <0.001

Good 28,303 17,790(62.85) 3495(12.35) 5981(21.13) 1038(3.67)
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Table 1 (continued)

Total Normal Underweight Overweight Obesity p value
Poor 18,240 11,219(61.51) 2932(16.08) 3390(18.58) 700(3.84)
Sleeping length <0.001
<5h 2951 1733(58.73) 538(18.24) 578(19.58) 102(3.44)
5-9h 36,701 23,006(62.69) 4813(13.12) 7499(20.43) 1382(3.76)
>9h 6680 4137(61.92) 1047(15.67) 1248(18.68) 249(3.73)
Housework <0.001
Almost everyday 30,679 19,069(62.16) 3979(12.97) 6408(20.89) 1223(3.99)
Sometimes 6556 4283(65.32) 849(12.94) 1237(18.87) 188(2.87)
Never 9224 5616(60.89) 1590(17.23) 1695(18.38) 323(3.50)
Outdoor activities <0.001
Almost everyday 24,540 15,461(63.00) 2897(11.80) 5344(21.78) 838(341)
Sometimes 14,045 8578(61.08) 1902(13.54) 2915(20.76) 649(4.62)
Never 7875 4920(62.47) 1623(20.61) 1084(13.77) 248(3.15)
Functional disability <0.001
No 42,506 26,730(62.88) 5733(13.49) 8528(20.06) 1515(3.56)
Yes 2958 1611(54.47) 595(20.13) 589(19.92) 162(5.48)
Self-reported quality of life <0.001
Good 57,528 17,888(62.19) 3233(11.24) 6478(22.52) 1165(4.05)
Fair 30,606 9741(63.66) 2486(16.24) 2577(16.84) 499(3.26)
Poor 4037 1126(55.77) 558(27.66) 271(13.44) 63(3.13)
Self-reported health <0.001
Good 22,492 14,467(64.32) 2454(10.91) 4811(21.39) 760(3.38)
Fair 16,824 10,476(62.27) 2290(13.61) 3341(19.86) 717(4.26)
Poor 6771 3812(56.29) 1532(22.62) 1176(17.37) 251(3.71)

Notes: BMI, Body Mass Index

a lower likelihood of being overweight or obese com-
pared to counterpart. Dietary and physical activity has
been well-reported to be factors related with obesity.
Interestingly, we found that older adults with good sleep
quality had higher risk of being overweight and obese.
One possible explanation is that older adults with good
sleep quality might spend more time in bed and lead to
reduced physical activity levels and lower energy expen-
ditures, which might contribute to weight gain over time.
Further research is needed to fully understand the mech-
anisms behind the association between sleep quality and
the risk of overweight and obesity among older adults.
For the problem of obesity of the older adults, except
for the possible macro sociological and demographic fac-
tors, the core biological factors are also significant for
effective interventions. Many studies have demonstrated
the age-related changes in metabolism and body compo-
sition and the presence of chronic disease that develop
with the ageing process are the core biological mecha-
nisms and targets [28-30]. In sum, the developing trend
of abnormal body weight in older adults is a multifacto-
rial problem with complex interactions among biological
mechanisms, sociocultural, environmental factors. There
is significant heterogeneity of phenotypes among over-
weight and obese individuals such as visceral or central
obesity, peripheral obesity or metabolically healthy obe-
sity [31]. It limited to classify abnormal body weight only

based on BMI value, which may hinder the early identi-
fication of metabolic abnormalities. The European Asso-
ciation for obesity research (EASO) stressed that there
need to be an improvement in the diagnostic criteria
of obesity based on the etiology, degree and health risk
[32]. Hopefully, there are more markers or indicators that
could help in the subgroup’s classification such as VAT,
WHIR and fat mass, or better detection technology for
assessment of body composition like dual-energy X-ray
[26, 33, 34]. Important progress has been made in iden-
tifying subtypes of obesity and what is important is to
apply these advances to health management of the older
adults.

Compared with most western countries faced with
medical burden of obesity, many low-income and mid-
dle-income countries are now facing a double burden of
disease on underweight, overweight and obesity, espe-
cially in Asian countries [35, 36]. Recent evidence has
come to a new concept of “obesity paradox” based on the
U- or J-shaped relationship between mortality and BMI,
which means increased risk of excess mortality were
observed in the underweight/normal weight popula-
tion [37, 38]. Although there has been a slight decrease
in the prevalence of underweight, it was estimated that
462 million adults are underweight in 2019[39]. Similarly,
in our results, the prevalence rate of the underweight
decreased with each passing year from 2008 to 2018 with
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Table 2 Multinomial logistic regression model
Underweight Overweight Obesity
OR (95% Cl) p value OR (95% Cl) p value OR (95% ClI) p

value

Survey year

2008 2.33(2.13-2.55) <0.001 0.42(0.39-0.45) <0.001 0.33(0.28-0.39) <0.001

2011 1.81(1.64-2.01) <0.001 0.63(0.58-0.68) <0.001 0.93(0.79-1.08) 0.328

2014 1.25(1.11-1.41) <0.001 0.79(0.72-0.86) <0.001 1.35(1.15-1.58) <0.001

2018 1.00 1.00 1.00

Gender

Male 0.73(0.67-0.80) <0.001 0.88(0.82-0.95) 0.001 0.60(0.51-0.70) <0.001

Female 1.00 1.00 1.00

Age groups (years)

<79 0.31(0.09-1.02) 0.054 3.08(0.25-37.22) 0377 2.42(0.05-127.69) 0.663

80-89 0.54(0.16-1.79) 0314 1.87(0.15-22.64) 0.623 1.44(0.03-75.94) 0.858

90-99 0.84(0.25-2.82) 0.782 1.50(0.12-18.40) 0.752 1.00(0.02-54.88) >0.999

>100 1.00 1.00 1.00

Marital status

Unmarried 1.24(0.95-1.62) 0.115 1.48(1.15-1.89) 0.002 0.52(0.23-1.20) 0.125

Married 0.86(0.80-0.93) <0.001 1.19(1.11-1.28) <0.001 0.97(0.84-1.11) 0.650

Divorced or widowed 1.00 1.00 1.00

Category of residence

Urban (city and town) 0.72(0.68-0.77) <0.001 1.23(1.16-1.30) <0.001 1.26(1.12-1.42) <0.001

Rural 1.00 1.00 1.00

Economic status

Rich 0.80(0.71-0.91) 0.001 1.12(1.00-1.26) 0.052 1.06(0.85-1.32) 0.621

Fair 0.80(0.73-0.87) <0.001 1.06(0.96-1.17) 0.261 0.82(0.68-0.99) 0.037

Poor 1.00 1.00 1.00

Living pattern

Living with family members 1.25(1.14-1.38) <0.001 1.00(0.91-1.09) 0.988 1.16(0.97-1.38) 0.115

Living in an institution 1.45(1.07-1.95) 0.015 0.67(0.50-0.89) 0.006 0.84(0.49-1.44) 0.525

Living alone 1.00 1.00 1.00

Education level (years)

0 1.07(1.00-1.15) 0.042 0.88(0.82-0.93) <0.001 0.92(0.82-1.05) 0216

> 1.00 1.00 1.00

Numbers of chronic

diseases

0 1.26(1.16-1.36) <0.001 0.47(0.43-0.50) <0.001 045(0.39-0.52) <0.001

1 1.28(1.18-1.38) <0.001 0.68(0.64-0.73) <0.001 0.64(0.56-0.73) <0.001

>2 1.00 1.00 1.00

Smoking status

Never 0.55(0.48-0.63) <0.001 1.18(1.04-1.32) 0.007 1.47(1.12-1.93) 0.006

Previous 0.67(0.59-0.76) <0.001 1.11(0.99-1.23) 0.064 1.12(0.86-1.47) 0400

Current 1.00 1.00 1.00

Alcohol intaking status

Never 1.27(1.13-1.44) <0.001 1.13(1.02-1.25) 0.023 1.21(0.97-1.52) 0.093

Previous 1.10(0.89-1.37) 0.371 1.02(0.76-1.36) 0.167 1.15(0.65-2.03) 0.118

Current 1.00 1.00 1.00

Regular exercise

Never 1.08(1.00-1.16) 0.041 0.87(0.82-0.92) <0.001 0.76(0.67-0.86) <0.001

Previous 1.18(1.05-1.33) 0.005 0.78(0.69-0.88) <0.001 0.79(0.62-1.01) 0.060

Current 1.00 1.00 1.00

Dietary diversity

Poor 1.35(1.22-1.48) <0.001 0.72(0.66-0.78) <0.001 0.70(0.59-0.83) <0.001

Moderate 1.16(1.06-1.26) 0.001 0.86(0.80-0.91) <0.001 0.87(0.76-0.99) 0.041

Good 1.00 1.00 1.00
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Table 2 (continued)
Underweight Overweight Obesity
OR (95% Cl) p value OR (95% Cl) p value OR (95% Cl) p

value

Sleeping quality

Good 0.86(0.80-0.92) <0.001 1.24(1.17-1.32) <0.001 1.26(1.11-1.42) <0.001

Poor 1.00 1.00 1.00

Sleeping length

<5h 1.08(0.93-1.24) 0311 1.08(0.94-1.24) 0.284 0.85(0.64-1.13) 0272

5-9h 1.00(0.91-1.09) 0.944 0.96(0.89-1.04) 0327 0.91(0.77-1.07) 0.260

>9h 1.00 1.00 1.00

Housework

Almost everyday 0.89(0.82-0.97) 0.010 1.09(1.00-1.18) 0.043 1.09(0.92-1.28) 0.347

Sometimes 0.83(0.75-0.93) 0.001 0.95(0.86-1.04) 0.269 0.79(0.63-0.99) 0.042

Never 1.00 1.00 1.00

Outdoor activities

Almost everyday 0.88(0.81-0.96) 0.005 1.09(1.00-1.20) 0.052 1.02(0.84-1.23) 0.880

Sometimes 1.04(0.95-1.14) 0436 0.97(0.88-1.06) 0465 1.48(1.22-1.80) <0.001

Never 1.00 1.00 1.00

Functional disability

No 0.98(0.86-1.11) 0.706 0.79(0.70-0.89) <0.001 0.58(0.47-0.71) <0.001

Yes 1.00 1.00 1.00

Self-reported quality of life

Good 0.70(0.61-0.80) <0.001 1.15(0.98-1.36) 0.088 1.01(0.73-1.39) 0.966

Fair 0.78(0.68-0.88) <0.001 0.90(0.77-1.06) 0.201 0.91(0.66-1.24) 0.538

Poor 1.00 1.00 1.00

Self-reported health

Good 0.57(0.51-0.62) <0.001 1.01(0.92-1.10) 0.881 0.87(0.72-1.04) 0.134

Fair 0.67(0.61-0.73) <0.001 0.96(0.88-1.05) 0.353 1.01(0.85-1.19) 0951

Poor 1.00 1.00 1.00

Notes: BMI, Body Mass Index; OR, odds ratio; Cl, Confidence Interval

2 Participates with normal weight as the reference group in the multinomial logistic regression model. In the multinomial logistic regression model, we included
survey year, gender, age groups, marital status, residence, economic status, living pattern, education level, numbers of chronic diseases, smoking status, alcohol
intaking status, regular exercise, dietary diversity, sleeping quality, sleeping length, housework, outdoor activities, functional disability, self-reported quality of life,

self-reported health

lowest rate of 7.87% in 2018. Then a multinomial logistic
regression model was further performed to explore the
influencing factors associated with the underweight. The
results show that older adults living in urban areas, mar-
ried and those with good sleep quality had a lower chance
of being underweight compared to counterparts, respec-
tively. Based on our results and other studies, the rea-
sons lying behind the facts can be summarized into two
aspects: inadequate food supply and reduced intake [40].
Economic disadvantage, reduced capacity of purchase,
psychosocial factors caused by widowhood, divorce, the
loss of identity and loss of social roles can result in inade-
quate food supply [41]. And reduced intake can be result
of dementia, polypharmacy, constipation, poor appetite
or reduced masticatory efficiency caused by oral health
problems [42]. Though being underweight increases the
risk of death, dementia, fractures, insulin resistance and
higher hospitalization or emergency room visits, less
attention appears to be paid to the underweight com-
pared with the overweight and obesity [43-46]. Thus,

improvements are needed in public infrastructure and
social support, and interventions on nutrition should be
given to underweight older adults for healthy aging.

There are several limitations to this study. First, most
information like living patterns, lifestyle habits and
health status including sleeping quality etc. were col-
lected through face-to-face questionnaire interviews,
which may lead to biases in the process of data collection.
Moreover, we did not calculate the weighted prevalence
of overweight and obesity because of the unavailable
survey weights. Second, though this study covered older
adults in 22 of 31 provinces in mainland China, limiting
the generalization of our results to the geographically or
ethnically distinct groups or younger population. Third,
based on the cross-sectional study design, our results
could not infer the causal relationship between research
factors and abnormal weight among older adults.
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Conclusions

In conclusion, the prevalence of overweight/obesity was
increasing while the prevalence of underweight and nor-
mal weight significantly decreased from 2008 to 2018
among older adults in China after adjustment for demo-
graphic confounding factors. This study provided basic
information for understanding the changes in body
weight and the risk factors of overweight/obesity and
underweight in the elderly in China. Future research on
abnormal body weight of the elderly in China should
consider the use of better detection technology for
assessment of body composition and the subgroups clas-
sification, fully considering the impact of psychosocial
and socioeconomic factors. With the rapidly increasing
aging population, the growing overweight/obese older
population in China poses a huge challenge for chronic
disease and our study directly support intervention
policy planning and prevention to the preparation of an
aging society.
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