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Abstract

Aims: To estimate the sex differences in the prevalence of overweight and obesity aged 
20–89 in Chinese patients with type 2 diabetes (T2D).
Methods: 811,264 patients with T2D from six hospital-based, cross-sectional studies, and 
46,053 subjects from the general population were included in our analysis. Prevalence of 
underweight, overweight, obesity were calculated in each sex.
Results: In patients with T2D, the standardized prevalence of underweight (BMI <18.5 
kg/m2), overweight (24 kg/m2 ≤ BMI < 28 kg/m2), and general obesity (BMI ≥28 kg/m2) 
were 2.2%, 43.2%, and 11.6%, respectively. Similar trend patterns of the prevalence of 
underweight and overweight were observed in general and T2D population, in males 
and females with T2D (all P for trend <0.01). In patients with T2D, patients at a younger 
age and older age were more likely to be underweight. The prevalence of overweight 
increased first, then stabilized or decreased with age. However, different trend patterns 
of the prevalence of obesity in males and females were found. In males, the prevalence 
of obesity decreased first, and then stabilized after 60 years of age. In females, the 
prevalence of obesity decreased first, then increased after 50 years of age. In the general 
population, the prevalence of obesity increased with age in females, while, the trend of 
prevalence of obesity with age in males was not obvious.
Conclusion: Different trends in the prevalence of obesity with age in different sex were 
found in Chinese patients with T2D. 

Introduction

It was well-known that the prevalence of overweight and 
obesity is increasing worldwide. It was reported that 39% 
of adults aged more than 18 years were overweight, and 
about 13% of the world’s adult population were obese in 
2016 (Obesity and overweight. https://www.who.int/en/
news-room/fact-sheets/detail/obesity-and-overweight. 
1 April 2020). It was also suggested that the epidemic 

of obesity and overweight (1) was associated with the 
increased risk of type 2 diabetes (T2D) (2, 3). In China, 
approximately 31.3–37.1% of patients with T2D were 
obese or overweight (4, 5, 6). 

As obesity was one of the risk factors for 
cardiovascular diseases (CVD) in patients with T2D, 
management of body weight was highly recommended.  
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It was demonstrated that weight loss could result in  
various metabolic benefits, including glycemic 
control, blood pressure improvement, and lipid profile 
management (7, 8, 9). In patients with T2D, weight 
loss was associated with a reduced risk of CVD (10, 11). 
Therefore, curbing or reversing BMI in a reasonable 
range is quite important, which might affect the medical 
resources utilization and health care policies making, 
especially in people with diabetes. 

To fulfill the management of body weight in patients 
with T2D, it is important to understand the trends in the 
prevalence of obesity and overweight with age. So far, 
few studies estimated the obesity trends with age in the 
overall population. In a Chinese population, it was found 
that men ages 45–54 years had the highest prevalence of 
overweight and obesity, whereas the prevalence varied 
among age groups in women in general population (12). 
It was also observed that males reached their highest 
prevalence of obesity at 45–54 years of age, whereas 
females had the highest obesity prevalence at 55–64 years 
in a southern China population (13). However, data of 
the distribution trend in BMI stratified by sex and age in 
Chinese patients with T2D is lacking.

Therefore, our aims were to delineate the trends in 
BMI and the trends in the prevalence of overweight, 
obesity with age in Chinese male and female patients with 
T2D, which we believe would provide useful guidance on 
intervention strategies for weight control and nutrition 
management in T2D.

Methods

Study design

We used data from several studies to describe the trends 
of BMI and prevalence of underweight, overweight, and 
obesity among Chinese patients with T2D, aged 20–89 
years. The China National Diabetes and Metabolic 
Disorders Study (conducted in 2007–2008) was used as 
a reference data for general population in China. We 
used data sets for patients with T2D from six studies: 
China National HbA1c Surveillance System (CNHSS) 
from 2009 to 2012, China Cardiometabolic Registries 3B 
study (CCMR-3B, conducted in 2010–2011), and China-
DiaLEAD (conducted in 2016). The inclusion criteria was 
as following: participants with T2D aged 20–89 years; 
participants with available data on age, sex and detailed 
physical examination (e.g. weight and height). The 
exclusion criteria was as following: those being pregnant 

or lactating at the time of survey; and those with missing 
or implausible outlying data.

The design and data of the seven studies have been 
published previously (14, 15, 16, 17, 18, 19). In brief, the 
China National Diabetes and Metabolic Disorders Study, 
conducted from June 2007 through May 2008, was a 
cross-sectional study designed to provide reliable data on 
the prevalence of diabetes and associated metabolic risk 
factors in the adult population in China. This study used a 
complex multistage stratified sampling method according 
to geographical region, economic development status, 
and degree of urbanization. CNHSS study was launched by 
the Chinese Diabetes Society in 2009 to monitor glycemic 
control in outpatients with T2D in China. The CCMR-3B 
was an observational, cross-sectional, multicenter study, 
conducted across China from August 2010 to March 2011 
with the aim to investigate blood glucose, blood lipid, 
and blood pressure control status in patients with T2D. 
China-DiaLEAD was a cross-sectional study that aimed 
to assess the epidemiological characteristics of lower 
extremity arterial disease in Chinese diabetes patients at 
high risk. The number of participants and the inclusion 
and exclusion criteria for each study were collected in 
Supplementary Table 1 (see section on supplementary 
materials given at the end of this article).

All the studies were approved by the institutional 
review board or independent ethics committee of each 
participating institution. All participants gave written 
informed consent.

Measures and definitions

Weight and height were measured following standardized 
protocols from the World Health Organization (WHO) or 
self-reported. BMI was calculated as weight in kilograms 
divided by height in meters squared. The BMI cutoff 
points were recommended by WHO and Working Group 
for Obesity in China (WGOC) (20), which were used to 
define underweight, normal weight, overweight and 
obesity. Using the WHO criteria, normal weight was  
18.5 kg/m2 ≤ BMI < 25 kg/m2, overweight was defined as 
25 kg/m2 ≤ BMI < 30 kg/m2, and obesity as BMI ≥ 30 kg/m2.  
Using the WGOC criteria, normal weight was defined 
as 18.5 kg/m2 ≤ BMI < 24 kg/m2, overweight as  
24 kg/m2 ≤ BMI < 28 kg/m2 and obesity as BMI ≥ 28 kg/m2.  
In both criteria underweight was defined as  
BMI < 18.5 kg/m2.

Established cardiovascular disease (CVD) was 
defined as the presence of coronary heart disease or 
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stroke or peripheral artery disease. Previous coronary 
heart disease and date of diagnosis were retrieved from 
the patient database. Coronary heart disease included 
ischemic heart disease with abnormal ECG or stress 
test, myocardial infarction with typical changes in ECG 
and plasma enzyme testing, coronary revascularization, 
percutaneous transluminal coronary angioplasty, or 
coronary atherectomy. Stroke included ischemic or 
hemorrhagic stroke – that is, subarachnoid hemorrhage, 
intracerebral hemorrhage, and other or unspecified 
intracranial hemorrhage, irrespective of whether the 
patient had completely or incompletely recovered. 
Cardiovascular disease was defined as having either 
coronary heart disease or stroke. Peripheral vascular 
disease was defined as intermittent claudication, foot 
ulcer, or amputation. Nephropathy was defined as the 
presence of albuminuria and low glomerular filtration rate 
(defined as eGFR < 30 mL/min/1.73 m2). The diagnosis 
retinopathy was confirmed by eye exams, included 
nonproliferative diabetic retinopathy and proliferative 
diabetic retinopathy. 

Statistical analysis

Data were presented as mean ± standard deviation (SD) 
for continuous variables and as proportions for categorical 
variables. Analyses were stratified by sex (males and 
females), age group (20–29, 30–39, 40–49, 50–59, 60–69, 
70–79, 80–89 years), history of CVD and four quartiles of 
diabetes duration. Prevalence of underweight, overweight 
and obesity was calculated and stratified on the basis of sex, 
and age. Direct standardization was performed using the 
Chinese population structure in 2010 aged 20–89 years, and 
prevalence of diabetes at different age and sex reported in 
2007–2008 (14).In this study, the prevalence of T2D at 70–79 
years, and 80–89 years were approximately equivalent to the 
prevalence of patient aged more than 70 years. Comparisons 
were statistically analyzed using one-way ANOVA and chi-
squared tests. The linear-by-linear association test was 
used to analyze the trend of prevalence over various age  
groups. Statistical analysis was performed using SPSS 
software (version 20.0, SPSS Corp). P value < 0.05 for the 
two-tailed test was considered as statistically significant.

Results

Totally, 811,264 patients with T2D from six hospital-
based, cross-sectional studies, and 46,053 subjects 
from general population were included in our analysis.  

The clinical characteristics of included participants in 
each study were presented in Supplementary Table 2.

Clinical characteristics and diabetes complications 
categorized by BMI groups

Clinical characteristics, such as age, duration of diabetes, 
HbA1c, blood pressure, and lipid profiles, as well as 
diabetes complications categorized by the groups of 
underweight, normal weight, overweight and obesity were 
shown in Table 1. The levels of systolic blood pressure, 
diastolic blood pressure, cholesterol, triglycerides, and 
the percentage of CVD, retinopathy, and nephropathy in 
the obesity group were the highest one among the four 
BMI groups (all P < 0.001). The values of systolic and 
diastolic blood pressure, cholesterol, triglycerides, low 
density lipoprotein cholesterol, and the prevalence of 
CVD, retinopathy, and nephropathy increased with BMI 
category increased (P for trend < 0.001). In addition, the 
levels of systolic blood pressure, diastolic blood pressure, 
cholesterol, and triglycerides in general population were 
lower than that in patients with T2D (all P < 0.001).

Prevalence of underweight, normal weight, 
overweight and obesity

For patients with T2D, the mean age was 58.9 ± 11.5 years 
with the mean BMI of 24.4 ± 3.1 kg/m2, males accounted 
for 52.4% of the patients. The standardized prevalence of 
underweight in patients with T2D was 2.2%. According to 
WHO criteria, the standardized prevalence of overweight 
and obesity was 34.6 and 4.4%, respectively. According 
to WGOC standard, the standardized prevalence of 
overweight and obesity as 43.0 and 11.6%, respectively.

For general population, the mean age was 45.0 ± 13.7 
years, younger than patients with T2D (P<0.001). Males 
accounted for 39.9% of the patients. The mean BMI was 
24.1 ± 3.7 kg/m2, and was lower than that in patients 
with T2D (P<0.001). According to WGOC standard, the 
prevalence of underweight (4.7%) and general obesity 
(14.5%) were higher, while, the prevalence of overweight 
(32.6%) was lower in general population than that in 
patients with T2D (all P<0.001).

Trends in BMI, prevalence of underweight, 
overweight and obesity with age

In patients with T2D, there was a significant difference 
in the trends of BMI with age stratified by sex  
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(P for trend <0.001). In males, the mean BMI level 
gradually declined with age. In females, the mean BMI 
level gradually increased from 20 to 29 years of age, then 
peaked at 70–79 years of age (Fig. 1). The trends in BMI 
with age was significantly different between general 
populations and T2D. For general population, the mean 
BMI increased gradually and stabilized after middle age or 
old age (Fig. 1). 

Similar trends in the prevalence of underweight 
with age were observed between males and females 
(P for trend <0.01). Patients at young age or old age 
were more likely to be underweight in both males and 
females with T2D (Fig. 2). The trend in the prevalence  
of underweight with age in general population  
was similar to that in patients with T2D  
(Supplementary Fig. 1).

Similar trends in the prevalence of overweight  
with age were observed in males and females.  

In males, the prevalence of overweight increased first, 
then stabilized after 50 years of age (P for trend <0.001). 
In females, the prevalence of overweight increased with  
age, and decreased after 70 years of age (P for trend  
<0.001) (Fig. 2). The trend in the prevalence of overweight 
with age in general population was similar to that in 
patients with T2D (Supplementary Fig. 1).

Different trend patterns in the prevalence of obesity in 
males and females with T2D were observed. In males, the 
prevalence of obesity decreased first, and then stabilized 
after 60 years of age (P for trend <0.001). In females, 
the prevalence of obesity decreased first, then increased 
after 50 years of age, and had a trend to decline after 80 
years (P for trend <0.001) (Fig. 2). There was significant 
difference between general and T2D population in the 
trends of the prevalence of obesity with age. In general 
population, the prevalence of obesity increased with age 
in females. However, age-stratified analysis did not reveal 

Figure 1
Trends of BMI with age in total (A), male (B) and 
female (C) adults with type 2 diabetes and general 
population in China (all P for trend <0.01).

Table 1 Clinical characteristics categorized by four BMI groups in this pooled analysis with type 2 diabetes.

 General 
population

Patients  
with T2D

 
P value

BMI categories
<18.5 kg/m2 18.5–23.9 kg/m2 24–27.9 kg/m2 ≥28 kg/m2 P value

Patients (n, %) 46,053 81,1264 16,017 (2.0%) 352,833 (43.5%) 353,088 (43.5%) 89,326 (11.0%)
Male sex (n, %) 18,355 (39.9%) 424,810 (52.4%) <0.001 6755 (42.2%) 180,577 (51.2%) 195,611 (55.4%) 41,867 (46.9%) <0.001
Age (years) 45.0 ± 13.7 58.9 ± 11.5 <0.001 59.4 ± 13.2 59.8 ± 11.5 59.5 ± 11.2 59.1 ± 12.1 <0.001
Duration (years) / 5.7 ± 5.3 / 6.0 ± 6.0 5.7 ± 5.3 5.7 ± 5.3 6.2 ± 5.7 <0.001
Weight (kg) 63.2 ± 11.7 67.2 ± 10.6 <0.001 47.3 ± 5.1 60.7 ± 7.1 70.9 ± 7.3 81.5 ± 10.4 <0.001
BMI (kg/m2) 24.1 ± 3.7 24.4 ± 3.1 <0.001 17.4 ± 1.0 22.0 ± 1.4 25.7 ± 1.1 30.2 ± 2.7 <0.001
Glycated 

hemoglobin (%)
/ 7.85 ± 1.77 / 8.31 ± 2.39 7.83 ± 1.91 7.87 ± 1.77 8.02 ± 1.81 <0.001

systolic blood 
pressure (mmHg)

122 ± 19 132 ± 15 <0.001 127 ± 17 129 ± 15 133 ± 15 136 ± 16 <0.001

diastolic blood 
pressure (mmHg)

78 ± 11 81 ± 11 <0.001 77 ± 11 79 ± 10 81 ± 10 83 ± 11 <0.001

Total cholesterol 
(mmol/L)

4.72 ± 0.99 4.77 ± 1.44 <0.001 4.51 ± 1.35 4.75 ± 1.34 4.92 ± 1.32 5.04 ± 1.41 <0.001

Triglycerides 
(mmol/L)

1.55 ± 1.13 2.19 ± 1.60 <0.001 1.85 ± 1.39 1.99 ± 1.49 2.20 ± 1.60 2.42 ± 1.84 <0.001

HDL-C (mmol/L) 1.34 ± 0.34 1.43 ± 0.73 <0.001 1.56 ± 0.75 1.46 ± 0.75 1.41 ± 0.70 1.38 ± 0.75 <0.001
LDL-C (mmol/L) 2.76 ± 0.85 2.89 ± 1.23 <0.001 2.96 ± 1.67 2.71 ± 0.96 2.79 ± 0.96 2.88 ± 1.04 <0.001
Diabetes 

complications
 CVD (n, %) / 126,628 (15.6%) / 2129 (13.3%) 47,126 (13.4%) 58,098 (16.5%) 19,275 (21.6%) <0.001
Retinopathy (n, %) / 65,327 (8.1%) / 1370 (8.6%) 26,402 (7.5%) 28,309 (8.0%) 9246 (10.4%) <0.001
Nephropathy (n, %) / 66,153 (8.2%) / 1386 (8.7%) 25,992 (7.4%) 29,116 (8.2%) 9659 (10.8%) <0.001

CVD, cardiovascular disease; CNHSS, China National HbA1c Surveillance System; CCMR-3B, China Cardiometabolic Registries 3B study. 
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obvious trend of the prevalence of obesity in males (P for 
trend>0.05) (Supplementary Fig. 1).

The trends in the prevalence of obesity with age did 
not changed significantly in male patients with T2D 
when stratified by the history of CVD (Supplementary Fig. 
2). We also observed similar trends in the prevalence of 
obesity with age in patients with first, second and third 
quartile of diabetes duration (Supplementary Fig. 3). 

Discussion

Our study estimated the mean BMI and the prevalence of 
underweight, overweight, obesity in Chinese patients with 
T2D by using hospital-based national survey data sources 
with 811,264 adult participants. Patients with higher BMI 
had relatively worse metabolic markers, including blood 
pressure and lipids profiles. Trends in the prevalence of 
obesity with age between general and T2D population 
were significant different. Trends in the prevalence of 
obesity with age between males and females were also 
with significant difference in Chinese T2D patients.

According to this study, we observed different 
trends in the prevalence of obesity with age between 
males and females, both in patients with T2D and in 
general population. Obesity might be influenced by 
many factors, such as genetics, cultures, lifestyles, sex 
hormones, environments, and socioeconomic status 
(21). As for sex- and age-difference in the trend of BMI, 
it was supposed that, younger males generally have more 
fat-free muscle compared with females (22, 23), which 
might exhibit higher BMI in younger males. Aging, in 
particular menopause transition with loss of estrogen 
production, was associated with a preferential increase of 
abdominal fat in females (24). A continuous decrease in 
lean mass with age in both females and males (although 
more striking for the latter) could result in decreased 
BMI with age (25). The mechanisms of obesity might 
be more complex in patients with T2D since certain  

lifestyle modifications, hypoglycemic drugs, and the 
associated complications might affect the body weight 
in T2D. These reasons above may explain sex and age 
difference of prevalence of obesity between patients with 
T2D and the general population. 

Few studies evaluated age- or sex-difference of BMI in 
patients with T2D. Hillier  et al. observed a striking inverse 
linear relation between BMI and age at diagnosis of T2D 
in a population-based study of 2437 patients newly 
diagnosed with type 2 diabetes. Average BMI decreased 
from 38.3 kg/m2 in the youngest age group to 28.8 kg/m2 
in the oldest age group (26). However, this study did not 
describe the trend of BMI with age in males and females 
separately. Further prospective studies with longer term 
follow-up and specific attention to BMI trend may 
enhance our understanding of the trends of BMI with age 
in different sex.

Learning the different trends in the prevalence 
of obesity with age should have important clinical 
implications. There seemed to be a natural tendency to lose 
weight with age in males. It was supposed that treatment 
for obesity was more complex in the elderly population 
when compared with the general population, since that 
the ‘elderly’ included various groups with different levels 
of overall health (27). Therefore, it should be wondered 
if intensive weight control was appropriately employed 
in old male patients. In addition, to avoid increasing the 
risk for mortality, management of body weight should not 
be over-stressed when certain complications occurred or 
at certain ages. According to our results, the prevalence 
of overweight and obesity in females was increased with 
age until 80 years, which might suggest that weight 
management in females should be active and be kept for 
the whole life.

In our study, we found the levels of systolic blood 
pressure, diastolic blood pressure, total cholesterol, 
triglycerides, and diabetes complications were highest in 
T2D patients with obesity, indicating that obesity resulted 
in relatively worse metabolic profiles. As obesity is an 

Figure 2
Trends in the prevalence of underweight, 
overweight and obesity with age in male and 
female patients with type 2 diabetes in China. (A) 
Trends in the prevalence of underweight with age 
stratified by sex (P for trend<0.01). (B) Trends in 
the prevalence of overweight with age stratified 
by sex (P for trend<0.01). (C) Trends in the 
prevalence of obesity with age stratified by sex  
(P for trend <0.01 in males). According to the 
WGOC criteria: underweight was defined as  
BMI < 18.5 kg/m2, overweight as 24 kg/m2 ≤  
BMI < 28 kg/m2 and obesity as BMI ≥ 28 kg/m2.
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important cardiovascular risk factor in the assessment 
and treatment of cardiovascular disease (CVD) (28), 
curbing or reversing BMI in a reasonable range in T2D 
patients is of vital importance, and should be an essential 
target for Chinese T2D patients besides the management 
of glucose control, blood pressure control, and  
lipids control.

Our study had clinical implications and strengths. 
Firstly, this study was based on six hospital-based national 
surveys designed to be the representatives of the adult 
patients with T2D in China, which allowed us to explore 
BMI within detailed clusters of sex, and age. Evidence 
for the prevalence of overweight and obesity in Chinese 
patients with type 2 diabetes added the urgency of the 
need for prevention of obesity and management of body 
weight. Secondly, in this study, we observed different 
trends in the prevalence of obesity with age in males and 
females with T2D, which might give the evidence for 
building up the health promotion strategies in T2D.

However, our study had several limitations. First, 
we did not have information available on the reasons 
for weight loss with age. Unintentional weight loss 
is generally indicative of deteriorating health and is 
associated with all-cause and cardiovascular mortality. 
We could not distinguish between intentional weight 
loss and unintentional weight loss. Secondly, we did not 
analyze if the type of glucose-lowering treatment might 
alter weight. Some variables, including education level, 
detailed dietary habits, family income, smoking and 
physical activity, were also not included for analyses. 
Thirdly, there were various indices used to assess obesity, 
such as BMI, waist circumference, waist-to-hip ratio, 
and total adipose tissue (TAT) of the abdomen assessed 
by CT or MRI. Though BMI was not the best marker to 
differentiate between fat, muscle and skeletal weight, 
BMI was the most practical one. In this study, we only 
used BMI as an index of obesity. More studies with better 
evaluation of waist circumference, waist-to-hip ratio and 
adipose tissue of the abdomen are needed to plan health 
services in T2D. Fourthly, measurement methods of 
blood lipids were not unified in different studies, and the 
inconsistent measurement methods might cause bias in 
research results.

Conclusion

By using 811,264 individual data of adult patients 
with T2D in China, we observed different trends in the 
level of BMI with age in males and females with T2D.  

We also found that the trends in the prevalence of obesity 
were different with age in males and females patients. 
Results from this study provided evidence that different 
sex, and age should be taken full consideration when 
designing effective preventive intervention strategies for 
weight control and nutrition management in Chinese 
patients with T2D.
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