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Background:Overweight and obesity are well-known risk factors for developing

type 2 diabetes (T2DM). However, details on the evolution of the T2DM burden

attributed to China’s high body mass index (BMI) in China have not been

thoroughly studied. This study aimed to investigate the temporal trends of the

T2DM burden attributable to a high BMI in China from 1990 to 2019 and to

evaluate the independent effects of age, period, and cohort on the burden of

T2DM attributed to a high BMI.

Methods: Data on T2DM burden attributable to a high BMI from 1990 to 2019

were obtained from the Global Burden of Disease Study 2019. Deaths, disability-

adjusted life years (DALYs), age-standardized mortality rate (ASMR), and age-

standardized DALY rate (ASDR) of T2DM attributable to a high BMI were

estimated by age and sex. The joinpoint regression model was performed to

calculate the annual percentage change (APC) and the average annual

percentage change (AAPC) in the burden of T2DM attributed to a high BMI.

The age–period–cohort analysis was applied to estimate the independent effects

of age, period, and cohort on the temporal trends of mortality and the DALY rate.

Results: In 2019, deaths and DALYs from T2DM attributable to a high BMI in

China were 47.53 thousand and 3.74 million, respectively, five times higher than

in 1990. Among those under 60 years of age, men had higher deaths and DALYs

than women, while the gender differences reversed in those over 60 years of age.

Furthermore, the ASMR and ASDR in 2019 were 2.39 per 100,000 (95%UI 1.12–

3.90) and 181.54 per 100,000 (95%UI 93.71–286.33), respectively, representing a

91% and 126% increase since 1990. In China, women previously had a higher

ASMR and ASDR than men, while the differences in the ASMR and ASDR between

the sexes were reversed in recent years. From 1990 to 2019, the ASMR in women

increased before 2004 and then decreased from 2004 to 2015, and increased

again after, with an overall AAPC value of 1.6%. In contrast, the ASMR in men

continued to increase, with an overall AAPC value of 3.2%. The ASDR continued

to increase in men and women, with AAPCs of 2.2% and 3.5%, respectively. The

age effect showed that the relative risk of mortality increased with age in both

men and women, except for the 75–84 age group. The impact of the age on the

DALY rate revealed a trend of first rising and then decreasing, peaking at 65–69
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years. The effect of the period on the burden of T2DM attributable to a high BMI

increased from 1990 to 2019. The cohort effect generally showed a downward

trend.

Conclusion: The burden of T2DM attributed to a high BMI in China increased

substantially from 1990 to 2019, particularly in men. Therefore, there is an urgent

need for gender- and age-based public health guidelines on prevention

strategies, early diagnosis, and effective management of T2DM, overweight,

and obesity in China.
KEYWORDS
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Introduction

Diabetes mellitus (DM) is a serious public health problem that

significantly influences the lives and well-being of individuals,

families, and societies around the world. It is listed as one of the

five non-communicable diseases prioritized in the United Nations

and WHO Action Plan to address non-communicable diseases (1,

2). The incidence of DM is increasing and has become the eighth

leading cause of disease burden in 2019 (3). The International

Diabetes Federation Diabetes Atlas study revealed that 536.6

million people aged 20–79 years have diabetes in 2021, with a

projected increase to 783.2 million by 2045 (4). Furthermore, DM

was responsible for 6.7 million deaths worldwide in 2021, which

equates to one diabetes death every 5 s (5). The rising prevalence of

DM imposed a significant burden on healthcare systems. In 2021,

health expenditures attributable to diabetes were estimated to be

966 billion USD (4).

Among type 1 DM, type 2 DM (T2DM), and gestational DM,

T2DM accounts for 90%. According to the most recent study using

Global Burden of Disease (GBD) data in 2019, the prevalence,

deaths, and disability-adjusted life years (DALYs) of T2DM were

437.9 million, 1,472.9 thousand, and 66.3 million worldwide,

respectively (6). With a fifth of the world’s population, China had

a rapidly growing prevalence of T2DM and had the highest

prevalence, death, and DALY of T2DM in 2019 (6). According to

the latest edition of the International Diabetes Federation Diabetes

Atlas, there were 140 million adults living with diabetes in China by

2021, accounting for a quarter of the global total, putting

tremendous pressure on the public health system (5).

Among numerous metabolic and behavioral risk factors, such as

smoking, diet, and physical inactivity, overweight and obesity are

the leading contributors to the development and progression of

T2DM, as they lead to insulin resistance and beta cell dysfunction

(5, 7, 8). Obesity can make it difficult for patients with T2DM to

control their weight and blood sugar levels; worsen insulin

resistance; aggravate structural and cognitive brain injury; and

increase the risk of chronic complications such as diabetic
02
nephropathy, cardiovascular disease, and cerebrovascular disease

(9–12). Obesity is also a risk factor for other types of conditions,

such as cancers (13). Despite this, the number of obese people

continues to rise worldwide. As China’s economy has grown rapidly

in the last 30 years, the Chinese lifestyle has changed considerably,

with more sedentary behavior and a higher-fat and -energy diet

(14). This change has also led to more people being overweight and

obese in China.

A recent report on the Nutrition and Chronic Diseases of

Chinese Residents (2020) found that the prevalence of diabetes

was greater (50%) among adults 18 years or older, a notable increase

from 42% in 2015 in the previous 5 years. In addition, according to

China’s survey results in 2010, 2013, and 2015–2017, the prevalence

of diabetes was 14.3%, 14.7%, and 13.8% among individuals with a

BMI range of 25–30 kg/m2 and 19.6%, 19.6%, and 20.1% among

those with a BMI greater than 30 kg/m2, respectively. More striking

is that approximately 65% of Chinese people with diabetes are

overweight (15, 16). Therefore, evaluating the current landscape

and the possible trajectories of the burden of T2DM attributable to a

high BMI is crucial for preventing and treating T2DM and

overweight in the future.

Although previous studies have reported the latest global

spatiotemporal patterns of T2DM burden attributable to high BMI

(17), this overall patternmaynot properly represent the diseaseburden

in China. Jiang et al. examined the association between the burden of

diabetes and high BMI exposure in China, utilizing GBD 2016. Still,

this study did not separately address the burden of type 1 DM, T2DM,

and gestational DM attributable to a high BMI (18). Comprehensive

research has not evaluated long-term trends of T2DM burden

attributable to a high BMI in China, specifically concerning the

effects of age and sex. Additionally, no study has decomposed the

impact of chronological age, period, and birth cohort on the trend of

T2DM burden attributable to a high BMI in China. Therefore, this

study aimed to investigate the current landscape of the burden of

T2DM due to a high BMI and to assess the long-term trend of T2DM

burden due to a high BMI in China from 1990 to 2019 using joinpoint

regression and age–period–cohort analysis.
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Materials and methods

Data sources

Data on the burden of T2DM attributable to a high BMI in

China were extracted from the GBD 2019 using the Global Health

Data Exchange GBD Results Tool (http://ghdx.healthdata.org/gbd-

results-tool). The GBD collaborators conducted a comprehensive

and systematic evaluation of prevalence and years lived with

disabilities for 369 diseases and injuries, mortality for 286 causes,

and comparative risks for 87 risk factors by age and sex, covering

the period 1 January 1990 and 31 December 2019 in 204 countries

and territories, 21 regions, and seven superregions. The general

approach to GBD 2019 has been reported in previous studies (3,

19). The epidemiological burden and trend of T2DM attributable to

a high BMI in China from 1990 to 2019 was assessed by extracting

annual deaths, DALYs, and their corresponding 95% uncertainty

intervals (UI)s and age-standardized rates stratified by age (5-year

age groups of patients aged 20–94 and ≥95) and sex (both genders,

male and female).
Definitions of type 2 diabetes mellitus and
high body mass index

The reference case for T2DM is fasting plasma glucose (FPG)

greater than 126 mg/dl (7 mmol/L) or reporting being on drug or

insulin treatment for T2DM. Because other measures of blood sugar

(glycated hemoglobin A1c, oral glucose tolerance test, and

postprandial glucose test), which are inconsistent with the

reference case definition, were also accepted to define diabetes in

GBD 2019, alternative case definitions used as data inputs were

considered and adjusted before beginning the modeling process.

The sequelae of T2DM include diabetic neuropathy, foot ulcer,

amputation, and retinopathy (moderate and severe vision loss and

blindness due to diabetic retinopathy). They are identified by codes

E11-E11.1 and E11.3-E11.9 according to version 10 of the

International Classification of Diseases (ICD). A high BMI was

defined as BMI ≥ 25 kg/m2 for adults (age 20+ years).
Estimation of type 2 diabetes mellitus
burden attributed to high body mass index

Previous studies have extensively described fundamental

modeling strategies for the GBD 2019 and specific methods to

assess the burden of T2DM due to a high BMI (3, 6, 17). Here, we

provide a brief overview of approaches to estimate the burden of

T2DM due to a high BMI. The first step was data seeking. A

comprehensive systematic review of diabetes prevalence, incidence,

and mortality was performed in GBD 2019. The epidemiology of

diabetes was systematically searched by using the Global Health

Data Exchange for multicountry survey programs, national surveys,

and longitudinal studies. Meanwhile, additional data that other

research groups used to report on the global burden of diabetes,
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microdata from unpublished national studies, and publications not

captured in the PubMed were obtained by enlisting the help of other

leaders in the field. Eventually, 1,289 original data sources covering

171 countries were used in the diabetes modeling in GBD 2019. The

sequelae of diabetes included diabetic neuropathy and foot ulcers,

and amputation due to diabetes was also performed a

comprehensive systematic review in GBD 2019. The second step

was data inputs, which included estimates of diabetes in a

representative population, estimates of mean FPG in a

representative population, and individual-level FPG data from

surveys and insurance claims in the US and Taiwan. In particular,

only 20% of the research provided the type of diabetes estimates,

and some studies reporting T2DM separately did not detail the

diagnostic criteria. Therefore, the estimates of T2DM were

determined by deducting the estimates of type 1 DM from the

total estimates of diabetes for age, sex, and location from 1990 to

2019. In addition, the prevalence of obesity per location was used as

a covariate. The third step was data processing. To solve the

problem of inconsistent sampling and measurement to ensure

that data are comparable between different data sources and

between high fasting glucose modeling efforts, several data

processing steps were performed, including small sample size,

mean FPG processing, age splitting, and bias adjustments. The

fourth step was modeling. The processed and standardized data

were modeled using DisMod MR-2.1, a Bayesian meta-regression

tool, to produce the prevalence and age-standardized prevalence

rates of diabetes and the sequelae of diabetes for age, sex, geographic

location, and year. The proportions extracted from the diabetes

sequelae models were multiplied by the parent diabetes model to

ensure that all estimates were in the same population space.

The death of a vital registration resource in ICD 10 was used to

model T2DM mortality. Data processing for deaths caused by

T2DM has also been previously described (3, 6). The Cause of

Death Ensemble model was used to estimate T2DM death rates.

Years of life lost (YLLs) from T2DM were calculated by multiplying

death estimates from T2DM with the corresponding standard life

expectancy at the age of death. The prevalence of T2DM sequela

multiplied by its disability weight (Supplementary Table S1) was

used to calculate years lived with disability (YLDs) (3). DALYs for

T2DM were calculated as the sum of YLDs and YLLs.

A comprehensive systematic review of the prevalence of a high

BMI was also performed. Finally, 2,022 original data sources from

190 countries with a high BMI were entered into the models. The

proportion of T2DM burden attributable to a high BMI was

estimated using a comparative risk assessment framework, which

has been previously described (19). The proportional population

attributable fraction (PAF) was used to quantify the contribution of

a high BMI to the subsequent occurrence of the T2DM burden.
Statistical analysis

To assess the magnitude and temporal trend of the burden of

T2DM attributable to a high BMI from 1990 to 2019, we employed

joinpoint regression analysis, also known as change-point

regression, to calculate the annual percentage change (APC), the
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average annual percentage change (AAPC), and the corresponding

95% confidence intervals (95% CI). As introduced by Kim et al., the

joinpoint regression model can be defined as follows (20):

log(yjx) = c + bYear + d1(x − t1)+ + · · · + dk(x − tk)
+ (1)

APCi = (ebi − 1)� 100% (2)

AAPC = (e
obiwi

owi − 1)� 100% (3)

where y is the rate indicators, c is the constant, Year is the

observation year, b is the coefficient of year, tk is the unknown

turning time point (joint point) that needed to be identified, bi is the

estimation of b on the i-th identified trend, and wi is the length of

the i-th identified trend.

If the lower limit of the 95%CI for the related APC/AAPC

estimation was higher than zero, there is an increasing trend in the

burden of T2DM associated with an increased BMI. Inversely, if the

upper limit of the 95% CI for the associated APC/AAPC calculation

is less than zero, it suggests a declining trend. If the 95% CI of APC/

AAPC includes 0, the trend for the burden of T2DM due to a high

BMI is stable.

The age-period-cohort model analysis was used to estimate the

impact of age, period, and cohort effects on temporal trends in the

mortality and DALY rates of the T2DM attributable to a high BMI.

The age-period-cohort model considers age, period, and cohort

factors and is commonly used to analyze trends in chronic disease

morbidity and mortality and predict future disease burden changes.

In the age-period-cohort model, the period effect refers to influence

of human factors on the mortality and DALY rates of T2DM due to

a high BMI, such as advances in disease diagnosis technology,

screening, and early detection; changes in disease definition and

registration; and improvements in treatment. All these human

factors can affect the mortality and DALY rates of T2DM

attributable to high BMI in different periods and produce a

period effect. The effect of age is one of the most important

determinants of differences in the epidemiology of T2DM, which

is the impact of changes in incidence with age. The cohort effect

refers to changes in T2DMmortality and DALY rates attributed to a

high BMI due to different levels of exposure to risk factors among

different generations.Mortality andDALYdata forT2DMattributable

to a high BMI, population, and period are divided into continuous 5-

year intervals from the 20–24 age group to the 90–94 age group and the

95 plus age group, and from 1990–1994 to 2015–2019, respectively.

Consecutive 5-year cohorts were defined from 1895–1899 to 1995–

1999. The age-period-cohort model is as follows:

R = c + aiAge + bjPeriod + gkCohort + ϵ

where R is the mortality and the DALY rate for the age i age

group during the j period; c is the intercept term of mortality and

the DALY rate; ai, bj, and gk are the coefficients of the effects of age,
period, and cohort at all levels, respectively; and ϵ is the residual.

The exponential values of the coefficients represent the relative risk

(RR) of death and DALYs attributed to T2DM for a given age,

period, and birth cohort compared to the reference groups.
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The Joinpoint Regression Program v4.9.1.0 (April 2022)

developed by the US National Cancer Institute Surveillance

Research Program was used for the joinpoint regression analysis.

Analysis and plot drawing of the age-period-cohort model were

performed by R (version 4.2.2) and Stata (version 16.0, StataCorp

LP, TX, UA). A two-sided P-value less than 0.05 was considered

statistically significant.
Results

Description analysis of type 2 diabetes
mellitus deaths and disability-adjusted life
years attributable to a high body mass
index in China

T2DM deaths and DALYs attributable to a high BMI increased

five times in China from 10.51 thousand in 1990 to 47.53 thousand

in 2019 and from 0.77 million to 3.74 million in 2019, respectively

(Table 1). In 2019, the estimated ASMR and ASDR of T2DM

associated with a high BMI were 2.39 per 100,000 (95%UI 1.12–

3.90) and 181.54 per 100,000 (95%UI 93.71–286.33), respectively

(Table 1). Between 1990 and 2019, the ASMR and ASDR increased

by 91% (95%UI 33%–284%) and 126% (95%UI 60%–365%),

respectively (Table 1). The ASMR and ASDR of T2DM in 2019

were attributed to a high BMI in proportions of 26.01% (95%UI

12.92%–40.78%) and 38.06% (95%UI 21.09%–55.09%) respectively,

as shown in Table 1. From 1990 to 2019, the age-standardized

proportion of deaths and DALYs from T2DM due to a high BMI

had more than doubled (Table 1). Figure 1 shows the trends in

deaths and DALYs due to T2DM related to a high BMI in both sexes

and all ages from 1990 to 2019. There was a consistent increase in all

age group numbers and rates of deaths and DALYs for T2DM

related to a high BMI in both men and women over the past 30

years. Furthermore, women consistently had higher death numbers

and mortality rates from T2DM attributable to a high BMI than

men, but the disparity gradually decreased. The number of DALYs

was significantly higher for women than for men before 2008; the

opposite was true after that year. The gender gap in all-age DALY

rates showed similar trends to the gender gap in the number of

DALYs between 1990 and 2019. However, before 2015, the ASMR

of T2DM attributable to a high BMI was higher in women than in

men, and before 2010, the ASDR of T2DM attributable to a high

BMI was also higher in women than in men. After these years, the

ASMR and ASDR were lower in women than in men

(Supplementary Figures S1A, B).

The number and rate of deaths and DALYs from T2DM related

to high BMI by gender and age group in 2019 are shown in Figure 2.

In both men and women, the number of T2DM deaths attributable

to a high BMI increased with age and peaked in the 70–74 age

group; the trend began to decline after this age. The number of

T2DM DALYs attributable to a high BMI reached the highest level

in the 50–54 age group in men and in the 65–69 age group in

women; then, a declining trend was observed in the older age group.

The number of deaths and DALYs from T2DM attributable to a

high BMI in 2019 for men and women varied substantially by age
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group. Men had a much higher number of deaths and DALYs than

women before the age group of 60–64, while women experienced a

significantly higher number of deaths and DALYs than men beyond

that age group. Furthermore, except for death rates occurring in

adults 75–84 years of age, death rates from T2DM attributable to

high a BMI increased with age, starting in the age group of 50–54

for both sexes. Both men and women showed a peak in the T2DM

DALY rate attributable to a high BMI in the age group of 70–74

years, followed by a decline in the rate until the age group of 80–84

years for men and the oldest age group for women. There was a

substantial difference between men and women in the rate of T2DM

mortality and DALY associated with a high BMI.
Temporal trends for the burden of type 2
diabetes mellitus attributable to high body
mass index in China by gender

The trends of the ASMR and ASDR for T2DM attributable to a

high BMI across all ages from 1990 to 2019 in China are shown in

Figure 3 and Table 2. The ASMR and ASDR increased from 1990 to

2019, with AAPC values of 2.3% (95% CI 2.1%–2.5%) and 2.8%

(95%CI 2.7%–3.0%), respectively. Interestingly, men had higher

AAPCs than women for both the ASMR and ASDR. The ASMR of

T2DM attributable to a high BMI in men continuously increased

from 1990 to 2019, with three significant increase segments

(APC1990–1995 = 1.9%, APC2005–2004 = 5.5%, and APC2007–

2019 = 2.6%) and one stage of slight increase (APC2004–2007 = 0.8).
Frontiers in Endocrinology 05
However, the trend for the ASMR in women differs from that of

men. Women showed an upward trend during 1990–2004 (APC =

1.1%), 1996–2004 (APC = 5.5%), and 2015–2019 (APC = 2.2%),

while a decrease was observed between 2004 and 2008 (APC =

−1.9%) and between 2008 and 2015 (APC= −0.5%). Additionally,

the joinpoint analysis of the ASDR for T2DM attributable to a high

BMI in men exhibited a continuously increasing trend from 1990 to

2019, with the highest increase between 2001 and 2004 (APC =

8.4%). For women, the ASDR trend for T2DM attributable to a high

BMI during 1990–2019 indicated that the six segments showed an

upward trend, except for a slight decrease from 2014 to 2019

(APC = 0). The highest increase in ASDR in women was

observed between 2001 and 2004, with an APC of 8.0%.
Variation in temporal trends for the burden
of type 2 diabetes mellitus attributable to
high body mass index in the age, period,
and cohort in China by gender

The age-specific change trend for the mortality rate of T2DM

attributable to a high BMI during the observation period is shown

in Figures 4A, B. The mortality rate of T2DM attributable to a high

BMI increased significantly, decreased, and then rose again with age

in women from 1990 to 2019. For men, the mortality rate of T2DM

attributable to a high BMI showed a decreasing trend with an

increase in age among those aged over 90–94 years during 1990–

2019, while the mortality rate of other age groups showed a similar
TABLE 1 Deaths and disability-adjusted life years (DALYs) in 1990 and 2019 for type 2 diabetes mellitus (T2DM) attributable to a high body mass index
(BMI) in China.

Measure

Year

1990 2019

Total Male Female Total Male Female

Death

Age-standardized PAF%, (95%UI) 14.45
(4.05, 29.53)

12.30
(2.97, 26.8)

16.01
(4.79, 31.75)

26.01
(12.92, 40.78)

23.65
(11.18, 38.04)

27.69
(14.12, 42.85)

Cases, No.×103 (95% UI) 10.51
(2.94, 21.51)

4.03
(1.00, 8.84)

6.49
(1.91, 13.15)

47.53
(22.51, 76.63)

22.83
(10.50, 38.35)

24.70
(11.55, 40.50)

Mortality per 100,000, No. (95% UI) 0.89
(0.25, 1.82)

0.66
(0.16, 1.45)

1.13
(0.33, 2.29)

3.34
(1.58, 5.39)

3.15
(1.45, 5.29)

3.54
(1.66, 5.81)

Age-standardized rate per 100,000, No. (95% UI) 1.25
(0.34, 2.60)

1.00
(0.24, 2.25)

1.49
(0.43, 3.04)

2.39
(1.12, 3.90)

2.47
(1.10, 4.18)

2.35
(1.09, 3.90)

DALYs

Age-standardized PAF%, (95%UI) 18.40
(5.25, 36.63)

16.88
(4.39, 34.78)

19.77
(6.07, 38.26)

38.06
(21.09, 55.09)

37.30
(20.49, 54.08)

38.48
(21.28, 55.83)

Cases, No.×106(95% UI) 0.77
(0.21, 1.61)

0.35
(0.09, 0.77)

0.42
(0.12, 0.84)

3.74
(1.91, 5.90)

1.97
(1.00, 3.11)

1.77
(0.93, 2.82)

All-age rate per 100,000, No. (95% UI) 65.20
(17.72, 135.96)

58.12
(14.47, 126.18)

72.74
(21.08, 147.10)

262.77
(134.56, 415.08)

271.31
(138.08, 428.90)

253.90
(133.12, 404.05)

Age-standardized rate per 100,000, No. (95% UI) 80.21
(21.50, 167.40)

71.48
(17.59, 156.52)

88.84
(25.71, 178.47)

181.54
(93.71, 286.33)

195.12
(99.28, 309.13)

167.70
(86.86, 268.54)
DALYs, disability-adjusted life years; PAF, proportional population attributable fraction; UI, uncertainty interval.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1193884
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Wang et al. 10.3389/fendo.2023.1193884
trend for women. A rapidly increasing trend was observed between

each observation point of mortality from T2DM attributable to a

high BMI among those younger than 75–79 years, a decreasing

trend was observed for those 75–79 years to 80–84 years, and an

increasing trend was observed for those over 80–84 years. The

DALY rates of T2DM attributable to a high BMI in both men and

women increased and then decreased with age across all periods,

with a peak in the 65–74 age group followed by a rapid decline

before the age group of 80–84 and then a slower decline

(Supplementary Figures S2A, B).

The period effects of the mortality rate of T2DM attributable to

a high BMI are presented in Figures 4C, D. Two types of changes

were observed in both women and men in different age groups over

time. The first type showed little change in the T2DMmortality rate

attributable to a high BMI among people aged 20–64 in women and

people aged 20–54 in men during the observation period, indicating

a minimal period effect. The second type showed a significant

increase in the period effect of the mortality rate of T2DM

attributable to a high BMI for women aged over 60–64 years and

men aged over 50–54 years between 1990 and 2019. The DALY
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rates of T2DM attributed to a high BMI in the 20–49 age group for

women and in the 20–29 age group for men did not show a

significant trend between 1990 and 2019 (Supplementary Figures

S2C, D). Although the DALY rates of T2DM attributable to a high

BMI in other age groups for both women and men showed an

overall upward trend, the 70–74 age group had the most significant

increase. Furthermore, the rise in DALY rates women with T2DM

attributable to a high BMI leveled off after 2005 and showed a

downward trend in the 60–69 age group.

The effects of the cohort on the mortality rate of T2DM

attributable to high BMI increases are displayed in Figures 4E, F.

An analysis of birth cohorts revealed that women aged over 60–64

and men aged over 50–54 had a lower mortality rate of T2DM due

to a high BMI in the early period compared to the later period.

However, for age groups younger than the 60–64 female group and

50–54 male group, the mortality rate of T2DM attributable to a high

BMI was less influenced by the birth cohort. Supplementary Figures

S2E, F indicated that the DALY rates of T2DM attributable to a high

BMI in both men and women were lower in the early period than in

the later period. However, the trend in DALY rates for T2DM
B

A

FIGURE 1

Trends in the all-age number and rate of deaths and DALYs of type 2 diabetes mellitus attribute to high body mass index by sex from 1990 to 2019.
(A) Death number and rate. (B) DALYs number and rate. DALYs, disability-adjusted life years. The vertical lines represent the upper limit of the 95%
uncertainty interval.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1193884
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Wang et al. 10.3389/fendo.2023.1193884
attributable to a high BMI with the passage of the birth cohort

varied slightly between women and men. In men, DALY rates

increased with birth cohorts, but the effect of birth cohorts on

DALY rates was insignificant in the 20–25 age group. For women,

DALY rates in the 20–44 and 75–95 age groups increased with birth

cohorts, but the increase tended to plateau in the 20–44 age group.

However, the DALY rates of T2DM attributable to a high BMI in

the 50–74 age group first increased and then decreased with the

passage of the birth cohorts.
The age–period–cohort model results for
the burden of type 2 diabetes mellitus
attributable to high body mass index in
China by sex

Figure 5 and Supplementary Table S2 demonstrate that the age,

period, and cohort effects impacted the mortality and DALY rates of

T2DM attributed to a high BMI for both sexes. After controlling for

period and cohort factors, the effect of age on the mortality rates of

T2DM attributable to a high BMI showed that the relative risk of

mortality generally increased with age for both men and women,

except for the 75–84 age group. Calculating the effect coefficients for

different age groups revealed that the highest relative risk of death

from T2DM attributed to a high BMI occurred in women over 95

years and in men 90–94 years of age, with RRs of 4.43 and 4.89,
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respectively. Additionally, the age group of 20–24 years had the

lowest relative risk of death from T2DM associated with a high

BMI, with women experiencing an RR of 0.06 and men

experiencing an RR of 0.04. Furthermore, women and men over

50–54 years of age were at risk of T2DM mortality attributable to a

high BMI, with an RR > 1. The effect of age on DALY rates showed

bell-shaped curves with advancing age in both men and women

(Figure 5B; Supplementary Table S2). An increase with age was

observed in the age group under 65–69, followed by a gradual

decline. The highest relative risk associated with age for DALY rates

was found in the 65–69-year-old group, with an RR of 3.05 (95%CI

3.04–3.07) in women and 2.25 (95%CI 2.22–2.28) in men. The

relative risk of T2DM DALY rates attributed to a high BMI was

greater than 1 for the age group of 40–79 in men and 45–79

in women.

There was an upward trend in the period effect of T2DM

mortality attributed to a high BMI for both women and men

between 1990 and 2019 (Figure 5C; Supplementary Table S2).

The age-period-cohort model analysis for the period effect further

showed that the RR for men increased more rapidly from 0.47 in the

1990–1994 year group to 2.01 in the 2015–2019 year group than

the RR for women from 0.60 in the 1990–1994 year group to 1.55 in

the 2015–2019 year group. Women had a relatively higher risk of

T2DM mortality attributed to a high BMI than men between 1990

and 2004, while men had a higher risk after the 2000–2004 year

group. The 2005–2019 year groups were risk groups with an RR > 1
B

C D

A

FIGURE 2

The number and rate of deaths and DALYs of type 2 diabetes mellitus attributable to high body mass index per 100 000 population by age and sex
in China, 2019. (A) Age-specific number of deaths. (B) Age-specific rate of deaths. (C) Age-specific number of DALYs (D) Age-specific rate of DALYs.
DALYs disability-adjusted life years.
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in mortality in both sexes. Similar trends were observed in the

period effect of the T2DM DALY rates attributable to a high BMI

(Figure 5D; Supplementary Table S1).

The cohort effect showed an overall reduction in the risk of

T2DM mortality attributed to a high BMI from earlier to later birth

cohorts (Figure 5E; Supplementary Table S2). However, the birth

cohort groups of 1895–1954 in women and 1895–1949 in men had a

higher relative mortality risk with an RR > 1. In contrast, the effects

of the cohort on DALY rates showed a horizontal J-shaped flip, with

a decreasing trend in both women and men born before 1974 and

an increasing trend in those born after that (Figure 5F;

Supplementary Table S2). In addition, during the birth cohort of

1900–1964, the cohort RR of DALY rates associated with T2DM

attributable to a high BMI was slightly lower in men than in women.
Comparisons of the difference between
the burden of type 2 diabetes mellitus
attributable to high body mass index in
China and in worldwide

Figure S3 shows the trends in the ASMR and ASDR for T2DM

attributable to a high BMI for both sexes combined in China and

globally from 1990 to 2019. During this period, the ASMR and

ASDR were higher worldwide compared to China, and the

difference lasted for 30 years. Furthermore, the ASMR and ASDR
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for T2DM attributable to a high BMI in China and the world

increased from 1990 to 2019.
Discussion

T2DM is one of the most serious and widespread chronic

metabolic diseases that can cause life-threatening complications

and disability. It can also result in significant financial costs and

reduce life expectancy. In China, the number of people with

diabetes has a dramatic increase from 98.4 million in 2013 to

140.9 million in 2020 (21). Obesity is a significant risk factor for

T2DM, with over two-thirds of T2DM patients being overweight or

obese. The prevalence of overweight and obesity in adults aged 18

years or older increased substantially from 16.4% and 3.6% in 1992

to 34.3% and 16.4% in 2015–2019 in China, respectively (22, 23).

This study evaluated the temporal trends of the T2DM burden

attributable to a high BMI in China from 1990 to 2019 using

joinpoint regression and age-period-cohort analysis. We found that

the absolute numbers of death and DALYs in T2DM attributable to

a high BMI in China were 47.53 thousand and 3.74 million in 2019,

respectively, approximately five times higher than that in 1990.

However, the total population only increased by 24.34% from 1990

to 2019 in China, indicating a faster growth rate of the burden of

T2DM attributable to a high BMI than that of the country’s

population growth, which accurately represented a continuously
B

C D

A

FIGURE 3

Joinpoint analysis of the ASMR and ASDR for type 2 diabetes mellitus attributable to high body mass index in China from 1990 to 2019 by sex. (A) ASMR
for females. (B) ASMR for males. (C) ASDR for females. (D) ASDR for males. APC, annual percentage change; ASMR, age-standardized mortality; ASDR,
age-standardized disability-adjusted life years rate. *Indicates that the APC is significantly different from zero at the alpha = 0.05 level.
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increasing burden of T2DM attributable to a high BMI.

Furthermore, a roughly one-fold increase in age-standardized

mortality and DALY rates of T2DM attributed to a high BMI.

The trends in the ASMR and ASDR of T2DM attributed to a high

BMI in China from 1990 to 2019 were similar to the worldwide. The

significant increase in the burden of T2DM due to a high BMI can

be attributed to multiple factors, such as changes in dietary patterns,

aging and population growth, urbanization, and environmental

pollution (24).

The burden of T2DM caused by a high BMI increased

significantly for both men and women between 1990 and 2019

but grew more for men. In addition, the burden of T2DM

attributable to a high BMI used to be consistently higher for

women than men, but the difference has decreased or even

changed in recent years. The factors that led to this phenomenon

are not fully understood. The patterns of changes in the prevalence

rates of overweight and obesity among men and women were

similar to the changes in the burden of T2DM attributed to a

high BMI between sexes. In China, men previously had a lower

prevalence of overweight and obesity than women, but this gap has

shrunk or even been reversed in recent years. According to the 2002

China National Nutrition Surveys (CNNSs), the prevalence of

overweight and obesity among adults was 30.3% in women and
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29.6% in men. However, in the 2010–2012 CNNSs, the prevalence

values were 41.6% in women and 42.4% in men, consistent with the

trend of increasing disparity between women and men in the

prevalence of obesity observed in the China Chronic Disease and

Risk Factor Surveillance (25–27). Other possible explanations could

be gender differences in treatment and control rates for T2DM.

Although the rate of T2DM treatment in Chinese men doubled in

2017 compared to the previous year, the control rate did not

increase significantly. Both rates have improved in women since

2010 (28). Furthermore, bariatric surgery has been rising in China

in recent years. However, the proportion of obese patients

undergoing bariatric surgery is highly uneven in China, with

women accounting for 75.1% and men only 24.9% (29). Such sex

differences in bariatric surgery may explain the sex disparity in the

burden of T2DM attributable to a high BMI. These findings

highlight the need for targeted policies and interventions that

address the growing trend and gender disparities in the burden of

T2DM attributed to a high BMI in China. Such measures should be

implemented properly and appropriately based on gender-

specific considerations.

The number of deaths and DALYs of T2DM attributable to a

high BMI was primarily concentrated in age groups 50–89 and 40–

79, respectively, consistent with other studies (17). Our analysis also
TABLE 2 The data from joinpoint regression analysis on the age-standardized mortality rate and age-standardized DALY rate of T2DM attributable to
a high BMI in both sexes, males and females, from 1990 to 2019 in China.

ASMR ASDR

Period APC,%
(95% CI)

AAPC,%
(95% CI)

Period APC,%
(95% CI)

AAPC,%
(95% CI)

Overall

1990–1996 1.7 (1.3, 2.0) 2.3 (2.1, 2.5) 1990–2000 2.7 (2.6, 2.7) 2.8 (2.7, 3.0)

1996–2004 5.6 (5.3, 5.8) 2000–2004 7.3 (6.9, 7.8)

2004–2007 -1.1 (-2.6, 0.4) 2004–2014 2.0 (1.9, 2.1)

2007–2015 0.9 (0.7, 1.1) 2014–2017 0.6 (-0.1, 1.3)

2015–2019 2.4 (2.0, 2.9) 2017–2019 2.8 (2.1, 3.4)

Female

1990–1996 1.1(0.7, 1.6) 1.6 (1.4, 1.8) 1990–1998 2.2 (2.1, 2.3) 2.2 (2.1, 2.4)

1996–2004 5.5 (5.2, 5.8) 1998–2001 3.7 (2.9, 4.6)

2004–2008 -1.9 (-2.8, -0.9) 2001–2004 8.0 (7.2, 8.8)

2008–2015 -0.5 (-0.8, -0.2) 2004–2014 0.6 (0.5, 0.7)

2015–2019 2.2 (1.6, 2.7) 2014–2017 0.0 (-0.7, 0.6)

2017–2019 3.0 (2.3, 3.6)

Male

1990–1995 1.9 (1.3, 2.5) 3.2 (3.0, 3.5) 1990–2001 3.2 (3.1, 3.4) 3.5 (3.2, 3.7)

1995–2004 5.5 (5.3, 5.8) 2001–2004 8.4 (5.9, 11.0)

2004–2007 0.8 (-1.2, 2.9) 2004–2014 3.2 (3.1, 3.4)

2007–2019 2.6 (2.5, 2.7) 2014–2019 1.6 (1.2, 2.0)
AAPC, average annual percent change presented for full period; APC, annual percent change; ASMR, age-standardized mortality rate; ASDR, age-standardized disability-adjusted life years rate;
CI, confidence interval.
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shows that the number of deaths and DALYs of T2DM due to a

high BMI was higher in men than in women in age groups<60 years,

while it is lower in men than in women in age groups ≥60 years,

consistent with global data (17). Unhealthy lifestyle behaviors, such

as smoking and alcohol consumption, are more prevalent among

men than women in China, which is an essential factor contributing

to the higher burden of T2DM due to a high BMI among men than

among women in age groups<60 years. The age-dependent sex

difference in the burden of T2DM due to a high BMI could be
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attributed to the combined effect of age-dependent sex differences in

T2DM and obesity. According to The China Diabetes Atlas, there

was no significant difference in the prevalence of T2DM between

different genders before 2002, with rates high and low in both men

and women (28). However, since the 21st century, the prevalence of

T2DM in Chinese men has been higher than in women. Another

study has shown that the sex disparity in the incidence of T2DM

fluctuates throughout life, and women experience a higher

prevalence than men during youth. In contrast, men have higher
B

C D

E F

A

FIGURE 4

Long-term trends of the mortality rate of type 2 diabetes mellitus attributable to high body mass index in China during 1990-2019 by age, period,
and cohort. (A, B) Age-specific trends of the mortality rate of type 2 diabetes mellitus attributable to high body mass index for females and males, (C,
D) Period-based trends of the mortality rate of type 2 diabetes mellitus attributable to high body mass index for females and males. (E, F) Cohort-
based trends of the mortality rate type 2 diabetes mellitus attributable attributable to high body mass index for females and males.
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rates of T2DM than women in midlife, and the incidence of T2DM

is roughly equivalent between the sexes in later life (30). Insulin

clamp studies also show that men have stronger resistance to insulin

than women in late puberty and as adults (31). In addition, women

who develop T2DM typically have a higher BMI than men. The

average age-adjusted BMI of women at the time of diagnosis is 1.8

kg/m2 higher than men’s (32, 33). As a result, women can have

insulin resistance and metabolic dysfunction for a long time before

they are diagnosed with T2DM, putting women with diabetes at

increased cardiovascular risk than men with diabetes (34).
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Combined with the fact that women have a longer life expectancy

than men, this could explain why the burden of T2DM attributable

to a high BMI is higher in older women than in older men (35).

This study used joinpoint regression analysis to evaluate

changes in the ASMR and ASDR of T2DM attributable to a high

BMI in China. From 2004 to 2016, the trend for the ASMR and

ASDR for women decreased slightly and increased slightly,

respectively. However, both the ASMR and ASDR in men showed

a substantial increase from 2004 to 2016, which may have been

driven by rapid social, economic, and environmental transitions
B

C D
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FIGURE 5

Age, period, and cohort effects on type 2 diabetes mellitus burden attributable to high body mass index in China during 1990-2019 by gender. (A)
Age effects for types 2 diabetes mellitus mortality rate in females and males. (B) Age effects for type 2 diabetes mellitus DALY rate in females and
males. (C) Period effects for type 2 diabetes mellitus mortality rate in females and males. (D) Period effect for type 2 diabetes mellitus DALY rate in
females and males. (E) Cohort effect for type 2 diabetes mellitus mortality rate in females and males. (F) Cohort effects for type 2 diabetes mellitus
DALY rate in females and males. DALY, disability-adjusted life year.
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and cultural factors. First, China has made significant efforts to

prevent and control obesity since 2003, issuing various policies,

recommendations, and guidelines (36–38). Meanwhile, China has

made significant efforts and advances in diabetes prevention, risk

factor management, self-management education and support, and

the integration of medical care modalities. However, there is always

an opportunity for improvement, especially in rural areas with

limited healthcare services and education access. Second, the

perception of the female body image in Chinese society has

favored a lean body type in recent years.

In contrast, a larger body size formen is often viewed as a symbolof

strength and masculinity, influenced by long-standing social and

cultural norms. In addition, as China continues to modernize,

physical activity and labor intensity decrease in urban and rural

areas and significantly more for women than for men (39). However,

unlike the trend inmost countries, the prevalence of physical inactivity

in China in recent years has been significantly higher for men at 16%

than for women at 12% (40). One possible reason for the lower rate of

physical inactivity among women compared to men in China is the

popularity of “square dancing,” a type offitness activity that has gained

widespread popularity among middle-aged and elderly women in

recent years. Square dancing is an excellent way to get women to

exercise, especially in rural areas,wherefinding other exercisemethods

can be challenging. Additionally, square dancing has been shown to

have social andmental health benefits, which can further contribute to

its popularity among women (41, 42).

Using the age-period-cohort method, we further examined the

effects of age, period, and cohort factors on the mortality and DALY

rates of T2DM attributable to a high BMI in China. Age effects are

typically defined as modifications caused by changes in physical,

psychological, and social status resulting from biological age

changes. As expected, the effect of age on T2DM mortality due to a

high BMI generally increases with age. The 10th edition of the

International Diabetes Federation Diabetes Atlas showed that age

was a significant and independent risk factor for T2DM, with a

similar trend expected to continue until 2045 (5). In addition, the

prognosis is also adversely affected by the fact that T2DM

complications such as cardiovascular disease, neuropathy,

retinopathy, and nephropathy are more prevalent and worse in older

patients. However, the effect of age on the DALY rate exhibited bell-

shaped curves as the age increased. This may be related to the lower

prevalence of overweight and obesity among older adults in China.

Previous epidemiological evidence has shown that obesity and

overweight generally increased with age, but later in adulthood, there

was a slight decrease (43).

The period effect refers to the risk of morbidity or mortality caused

bychanges innatural conditionsor social environmentsduringa specific

period.This is reflectedmainly in thedifferences indisease risk causedby

thechanges inmedical levels, diagnosis and treatment technology,health

knowledge, and economic and cultural factors. Similarly, the effect of the

periodonmortality andDALYrates ofT2DMattributable to ahighBMI

showed an increasing trend throughout the period, indicating that the

period effect played a significant role in the growing trend of the burden

of T2DM attributable to a high BMI. Over 40 years of reform and

opening,China’s economy, scienceand technology,overall qualityof life,

and medical services have all improved significantly. With the
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improvement of the living standard of Chinese residents, the dietary

structure has changed. However, these have also brought new health

threats to theChinese people,mainly including environmental pollution

and destruction, changes in lifestyle, the intrusion of large amounts of

synthetic chemicals into human life, and mental health problems.

China is changing from a high-carb, high-fiber, and low-fat diet to

a high-fat, high-energy, and low-carb diet (44). The daily dietary

energy supply per capita in China has also increased significantly,

from 2,100 to 2,400 kcal in the early 1980s to 3,000–3,100 kcal in the

early 2010s, which is the direct cause of the increase in the overweight

and obese population (44). In addition, unhealthy processed foods are

rising and becomingmore accessible and affordable (45). These trends

have increased non-communicable diseases such as diabetes,

hypertension, and cardiovascular disease. In the last 40 years, with

the improvement in the consumption level and the lifestyle

transformation, the sports time of Chinese residents decreased

rapidly and the sedentary time gradually increased. With the pace of

urbanization, modernization, and informatization, people are

spending more and more times sitting in front of their desks. The

proliferation of private cars, computers, smartphones, and other

devices that make people’s lives more convenient has dramatically

reduced the amount of daily physical activity. Cable TV, internet

entertainment, fast video streaming,mobile games, e-sports, and other

forms of entertainment also increase the time people spend sitting.

Furthermore, due to the improvement of medical treatment and the

popularization of diabetes screening in China in recent years, an

increasing number of diabetes cases are being screened at an early

stage, which is one of the reasons for the growing burden of T2DM

attributable to a high BMI.

The cohort effect represents the impacts specific toone’s age group,

those born in the same calendar year due to exposure to the same

cultural, environmental, and social changes. Our findings showed that

the RR of the cohort effect on T2DM mortality and DALY rates

attributable to a high BMI have decreased, suggesting that earlier birth

cohorts have a higher burden ofT2DMattributable to a highBMI than

later birth cohorts. This phenomenon may be related to better

education and increased health awareness in the later cohorts than

in the earlier cohorts. Furthermore, a previous study indicated that the

group with unfortunate experiences in early life would have poorer

physical health in adulthood (46). Studies have shown that pregnant

women who experience nutritional deprivation during pregnancy are

particularly vulnerable and that the physical health of their children is

often shaped throughout their lives by their mothers’ experiences of

starvation during pregnancy. As adults, these children have relatively

high levels of triglycerides and low-density lipoprotein cholesterol and

are at greater risk of developing diseases such as obesity and

diabetes (47).

According to these findings, multiple policy changes and

interventions are needed to reverse the increasing trend of the

burden of T2DM attributable to a high BMI in China. Fortunately,

some initiatives are already in place, such as the National Basic

Public Health Service Program and the Healthy China 2030 Plan,

which aims to improve the prevention and management of T2DM

and obesity. However, more efforts are needed to ensure its effective

implementation and sustainability. Therefore, it is crucial to engage

all stakeholders, including governments, civil society organizations,
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and the private sector, in the implementation process and to

establish monitoring and evaluation mechanisms to track

progress and identify areas for improvement. First, we should

improve public awareness and education on chronic diseases such

as diabetes and obesity, increase public awareness of healthy

lifestyles, and encourage people to improve their ability to care

for themselves. Second, the food safety administration department

should strengthen the supervision of food production, processing,

sales, and other links and establish a food safety system. Third, the

education and health departments must jointly strengthen nutrition

education; promote a balanced diet; reduce the intake of foods high

in sugar, fat, and salt, and increase the intake of vegetables and

fruits. Fourth, the healthcare sector should establish a health

management mechanism, regular physical examinations, and

health counseling for high-risk groups. At the same time, a

chronic disease management system should be installed.

Collaboration between doctors, nurses, nutritionists, and other

healthcare professionals allows for comprehensive treatment and

management of patients. Fifth, researchers should strengthen basic

and applied research on diseases such as T2DM and obesity. This

will enable a solid a scientific foundation and technical support to

prevent and treat these conditions.

This study has the following limitations: (1) it was a secondary

analysis of data collected from the GBD 2019 study. Therefore, the

general limitations of GBD studies, such as potential bias, are

unavoidable, which can lead to some degree of deviation from the

actual situation. However, the 2019 GBD study has applied robust

statisticalmethods to solve this problem; (2) theGBDdata are updated

slowly, currently only up to 2019. Therefore, the use of previous data

may not reflect the latest disease trends; 3) the burden of T2DM

attributable to a high BMI could not be divided into the burden of

T2DM due to overweight and obesity due to the lack of relevant data;

(4) complications fromT2DMarenot taken intoaccount in estimating

the burden of T2DMattributable to a high BMI; (5) the study does not

include children and individuals aged<20 years; 6) we did not take in

account the difference in the burden of T2DM attributable to a high

BMI between different provinces, different socioeconomic

development, different ethnic groups, and rural and urban groups in

China since these datawere not available. Future research should focus

on a comparative analysis of these factors to guide the development of

appropriate health policies and programs and promote the realization

of Healthy China 2030; and 7) the age-period-cohort model only

considers the population level and ignores individual differences,

which could lead to an ecological fallacy when extrapolating the

overall trend to individuals.
Conclusions

T2DM attributable to a high BMI has caused a serious disease

burden for the Chinese population, mainly among middle-aged and

older adults. The burden of T2DM attributable to a high BMI has

increased significantly in China in the last 30 years and has grown

more in men than in women. According to the joinpoint analysis,

the men’s ASMR and ASDR of T2DM due to a high BMI increased

approximately linearly from 1990 to 2019, while the women’s
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ASMR and ASDR fluctuated. Between 2004 and 2015, there was

even a decrease in the ASMR among women. The relative risk of

T2DM mortality attributable to a high BMI continued to increase

with age and period but decreased with the birth cohort. However,

the effects of age and cohort on the DALY rate showed a bell-like

and a flip horizontal J-shaped curve trend, respectively, but the

impacts of the period on the DALY rate gradually increased. Our

findings will provide a better epidemiological basis for future T2DM

and high BMI management. The growing burden of T2DM due to a

high BMI in China urgently requires close collaboration between

policymakers, researchers, and healthcare professionals to develop

gender- and age-based public health guidelines on prevention

strategies, early diagnosis, and effective management of T2DM,

overweight, and obesity. Additionally, education campaigns on

healthy lifestyle choices and regular physical activity must be

promoted to prevent the onset of T2DM, overweight, and obesity.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Ethics statement

Ethical review and approval was not required for the study on

human participants in accordance with the local legislation and

institutional requirements. Written informed consent for

participation was not required for this study in accordance with

the national legislation and the institutional requirements.
Author contributions

J-LW and X-CZ designed the study and interpreted the results.

J-LW analyzed the data and performed the statistical analysis. X-CZ

supervised the study. W-JY and L-YZ double-checked all the data. J-

LW, CH and X-CZ wrote the initial manuscript. All authors

contributed to the article and approved the submitted version.
Funding

This work was funded by the Hunan Province Natural Science

Foundation (Grant No. 2022JJ80043), the Scientific research project

of Hunan Health Commission (Grant No.202203014949), and the

Hunan Engineering Research Center of intelligent prevention and

control for drug induced organ injury (No. 40).
Acknowledgments

We appreciate the GBD 2019 collaborators who contributed to

establish these publicly available data.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1193884
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Wang et al. 10.3389/fendo.2023.1193884
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
Frontiers in Endocrinology 14
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The SupplementaryMaterial for this article can be foundonline at:

https://www.frontiersin.org/articles/10.3389/fendo.2023.1193884/

full#supplementary-material
References
1. Global action plan for the prevention and control of noncommunicable diseases:
2013-2020 (2013). Available at: http://apps.who.int/iris/bitstream/10665/94384/1/
9789241506236_eng.pdf (Accessed 26th Jul 2019).

2. Transforming our world: the 2030 agenda for sustainable development (2015).
Available at: https://sdgs.un.org/2030agenda (Accessed 15th Oct 2021).

3. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and
injuries in 204 countries and territories, 1990-2019: a systematic analysis for the global
burden of disease study 2019. Lancet (2020) 396:1204–22. doi: 10.1016/S0140-6736(20)
30925-9

4. Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. IDF
diabetes atlas: global, regional and country-level diabetes prevalence estimates for 2021
and projections for 2045. Diabetes Res Clin Pract (2022) 183:109119. doi: 10.1016/
j.diabres.2021.109119

5. International diabetes Federation. IDF diabetes atlas. 10th edn. Brussels, Belgium
(2021). Available at: https://www.diabetesatlas.org.

6. Safiri S, Karamzad N, Kaufman JS, Bell AW, Nejadghaderi SA, Sullman M, et al.
Prevalence, deaths and disability-Adjusted-Life-Years (DALYs) due to type 2 diabetes
and its attributable risk factors in 204 countries and territories, 1990-2019: results from
the global burden of disease study 2019. Front Endocrinol (Lausanne) (2022) 13:838027.
doi: 10.3389/fendo.2022.838027

7. Klein S, Gastaldelli A, Yki-Jarvinen H, Scherer PE. Why does obesity cause
diabetes? Cell Metab (2022) 34:11–20. doi: 10.1016/j.cmet.2021.12.012

8. Tanigaki K, Sacharidou A, Peng J, Chambliss KL, Yuhanna IS, Ghosh D, et al.
Hyposialylated IgG activates endothelial IgG receptor FcgammaRIIB to promote
obesity-induced insulin resistance. J Clin Invest (2018) 128:309–22. doi: 10.1172/
JCI89333

9. MohMC, Sum CF, Tavintharan S, Ang K, Kwan PY, Lee S, et al. Gain in adiposity
over 3 years is associated with progressive renal decline in multi-ethnic south-east
asians with type 2 diabetes. J Diabetes (2019) 11:316–25. doi: 10.1111/1753-0407.12848

10. Song DK, Hong YS, Sung YA, Lee H. Body mass index and stroke risk among
patients with diabetes mellitus in Korea. PloS One (2022) 17:e275393. doi: 10.1371/
journal.pone.0275393

11. Yang GR, Yuan MX, Wan G, Zhang XL, Fu HJ, Yuan SY, et al. Neck
circumference and waist circumference associated with cardiovascular events in type
2 diabetes (Beijing community diabetes study 23). Sci Rep (2021) 11:9491. doi: 10.1038/
s41598-021-88927-9

12. Hong S, Park JH, Han K, Lee CB, Kim DS, Yu SH. Association between obesity
and cardiovascular disease in elderly patients with diabetes: a retrospective cohort
study. J Clin Endocrinol Metab (2022) 107:e515–27. doi: 10.1210/clinem/dgab714

13. Safiri S, Karamzad N, Kaufman JS, Nejadghaderi SA, Bragazzi NL, Sullman M,
et al. Global, regional, and national burden of cancers attributable to excess body weight
in 204 countries and territories, 1990 to 2019. Obes (Silver Spring) (2022) 30:535–45.
doi: 10.1002/oby.23355

14. Ministry of Public Health. Nutrition and health status among Chinese: result
from the fourth China nutrition and health survey. Beijing: Ministry of Public Health ed
(2004).

15. Hou X, Lu J, Weng J, Ji L, Shan Z, Liu J, et al. Impact of waist circumference and
body mass index on risk of cardiometabolic disorder and cardiovascular disease in
Chinese adults: a national diabetes and metabolic disorders survey. PloS One (2013) 8:
e57319. doi: 10.1371/journal.pone.0057319

16. Li W, Gong X, Wang W, Xiong K, Meng J, Li Y, et al. Association of different
kinds of obesity with diabetic retinopathy in patients with type 2 diabetes. BMJ Open
(2022) 12:e56332. doi: 10.1136/bmjopen-2021-056332

17. Zhang X, Wang X, Wang M, Hu B, Tang W, Wu Y, et al. The global burden of
type 2 diabetes attributable to high body mass index in 204 countries and territories,
1990-2019: an analysis of the global burden of disease study. Front Public Health (2022)
10:966093. doi: 10.3389/fpubh.2022.966093

18. Jiang YY, Liu M, Ji N, Zeng XY, Dong WL, Mao F, et al. Disease burden of
diabetes attributable to high body mass index in China, 1990-2016. Chin J Epidemiol
(2019) 40(1):46–51. doi: 10.3760/cma.j.issn.0254-6450.2019.01.010

19. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204
countries and territories, 1990-2019: a systematic analysis for the global burden of
disease study 2019. Lancet (2020) 396(10258):1223–49. doi: 10.1016/S0140-6736(20)
30752-2

20. Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint
regression with applications to cancer rates. Stat Med (2000) 19:335–51. doi: 10.1002/
(sici)1097-0258(20000215)19:3<335::aid-sim336>3.0.co;2-z

21. Liu J, Liu M, Chai Z, Li C, Wang Y, Shen M, et al. Projected rapid growth in
diabetes disease burden and economic burden in China: a spatio-temporal study from
2020 to 2030. Lancet Reg Health West Pac (2023) 33:100700. doi: 10.1016/
j.lanwpc.2023.100700

22. The State Council Information Office of the People’s Republic of China. Press
briefing for the report on Chinese residents’ chronic diseases and nutrition 2020 (2020).
Available at: http://www.gov.cn/xinwen/2020-12/24/content_5572983.htm (Accessed
Dec 26, 2020).

23. Ma GS, Li YP, Wu YF, Zhai FY, Cui ZH, Hu XQ, et al. The prevalence of body
overweight and obesity and its changes among Chinese people during 1992 to 2002.
Zhonghua Yu Fang Yi Xue Za Zhi. (2005) 39(5):311–15.

24. Zhang J, Wang Z, DuW, Huang F, Jiang H, Bai J, et al. Twenty-Five-Year trends
in dietary patterns among Chinese adults from 1991 to 2015. Nutrients (2021) 13
(4):1327. doi: 10.3390/nu13041327

25. Zhang X, Zhang M, Zhao Z, Huang Z, Deng Q, Li Y, et al. Geographic variation
in prevalence of adult obesity in China: results from the 2013-2014 national chronic
disease and risk factor surveillance. Ann Intern Med (2020) 172:291–93. doi: 10.7326/
M19-0477

26. Chang J,WangY, LiangX,WuL,DingG.ChineseNational nutritionandhealth survey
(2010–2013): comprehensive summary. Beijing: Peking University Medical Press (2016).

27. Jiang Y. Study on prevalence, secular trends and health risk of overweight and
obesity among Chinese adults. Beijing: Chinese Center for Disease Control and
Prevention (2013).

28. Wu J, Guo LX. The diabetes atlas of China. People's Medical Publishing House
(2022).

29. Tian P, Fu J, Li M, Liu Y, Bian S, Zhang M, et al. Metabolic and bariatric surgery
in China: a summary of the greater China metabolic and bariatric surgery database and
comparison with other international registry databases. Diabetes Obes Metab (2023) 25
(Suppl. 1):27–33. doi: 10.1111/dom.15012

30. Huebschmann AG, Huxley RR, Kohrt WM, Zeitler P, Regensteiner JG, Reusch J.
Sex differences in the burden of type 2 diabetes and cardiovascular risk across the life
course. Diabetologia (2019) 62:1761–72. doi: 10.1007/s00125-019-4939-5

31. Sattar N. Gender aspects in type 2 diabetes mellitus and cardiometabolic risk.
Best Pract Res Clin Endocrinol Metab (2013) 27:501–07. doi: 10.1016/
j.beem.2013.05.006

32. Logue J, Walker JJ, Colhoun HM, Leese GP, Lindsay RS, McKnight JA, et al. Do
men develop type 2 diabetes at lower body mass indices than women? Diabetologia
(2011) 54:3003–06. doi: 10.1007/s00125-011-2313-3

33. Paul S, Thomas G, Majeed A, Khunti K, Klein K. Women develop type 2
diabetes at a higher body mass index than men. Diabetologia (2012) 55:1556–57.
doi: 10.1007/s00125-012-2496-2

34. Peters S, Woodward M. Sex differences in the burden and complications of
diabetes. Curr Diabetes Rep (2018) 18:33. doi: 10.1007/s11892-018-1005-5
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2023.1193884/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1193884/full#supplementary-material
http://apps.who.int/iris/bitstream/10665/94384/1/9789241506236_eng.pdf
http://apps.who.int/iris/bitstream/10665/94384/1/9789241506236_eng.pdf
https://sdgs.un.org/2030agenda
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.diabres.2021.109119
https://www.diabetesatlas.org
https://doi.org/10.3389/fendo.2022.838027
https://doi.org/10.1016/j.cmet.2021.12.012
https://doi.org/10.1172/JCI89333
https://doi.org/10.1172/JCI89333
https://doi.org/10.1111/1753-0407.12848
https://doi.org/10.1371/journal.pone.0275393
https://doi.org/10.1371/journal.pone.0275393
https://doi.org/10.1038/s41598-021-88927-9
https://doi.org/10.1038/s41598-021-88927-9
https://doi.org/10.1210/clinem/dgab714
https://doi.org/10.1002/oby.23355
https://doi.org/10.1371/journal.pone.0057319
https://doi.org/10.1136/bmjopen-2021-056332
https://doi.org/10.3389/fpubh.2022.966093
https://doi.org/10.3760/cma.j.issn.0254-6450.2019.01.010
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1002/(sici)1097-0258(20000215)19:3%3C335::aid-sim336%3E3.0.co;2-z
https://doi.org/10.1002/(sici)1097-0258(20000215)19:3%3C335::aid-sim336%3E3.0.co;2-z
https://doi.org/10.1016/j.lanwpc.2023.100700
https://doi.org/10.1016/j.lanwpc.2023.100700
http://www.gov.cn/xinwen/2020-12/24/content_5572983.htm
https://doi.org/10.3390/nu13041327
https://doi.org/10.7326/M19-0477
https://doi.org/10.7326/M19-0477
https://doi.org/10.1111/dom.15012
https://doi.org/10.1007/s00125-019-4939-5
https://doi.org/10.1016/j.beem.2013.05.006
https://doi.org/10.1016/j.beem.2013.05.006
https://doi.org/10.1007/s00125-011-2313-3
https://doi.org/10.1007/s00125-012-2496-2
https://doi.org/10.1007/s11892-018-1005-5
https://doi.org/10.3389/fendo.2023.1193884
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Wang et al. 10.3389/fendo.2023.1193884
35. Zarulli V, Kashnitsky I, Vaupel JW. Death rates at specific life stages mold the
sex gap in life expectancy. Proc Natl Acad Sci U S (2021) 118(20):e2010588118.
doi: 10.1073/pnas.2010588118

36. Working Group on Obesity in China, Department of Disease Control and
Ministry of Health. The guidelines for prevention and control of overweight and obesity
in Chinese adults. Beijing: Department of Disease Control, Ministry of Health, People’s
Republic of China (2003).

37. Wang Y, Sun M, Yang Yon behalf of the Chinese Nutrition Society. China Blue
paper on obesity prevention and control. Beijing: Peking University Medical Press
(2019).

38. Working Group on Obesity in China, Department of Disease Control and
Ministry of Health. Guidelines for prevention and control of overweight and obesity
among school-age children and adolescents in China. Beijing: Department of Disease
Control, Ministry of Health, People’s Republic of China (2007).

39. Ng SW, Norton EC, Popkin BM. Why have physical activity levels declined
among Chinese adults? findings from the 1991-2006 China health and nutrition
surveys. Soc Sci Med (2009) 68:1305–14. doi: 10.1016/j.socscimed.2009.01.035

40. Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in insufficient
physical activity from 2001 to 2016: a pooled analysis of 358 population-based surveys
with 1.9 million participants. Lancet Glob Health (2018) 6:e1077–86. doi: 10.1016/
S2214-109X(18)30357-7
Frontiers in Endocrinology 15
41. Zhang H, Jia H, Zhang X. Dance to prosper: benefits of Chinese square dance in
QOL and the moderating roles of aging stereotypes. Int J Environ Res Public Health
(2022) 19(24):16477. doi: 10.3390/ijerph192416477

42. Li X, Peng A, Li L, Chen L. Association between walking and square dancing-
oriented leisure-time physical activity and cognitive function among middle-aged and
elderly people in southwest China. BMC Geriatr (2023) 23:28. doi: 10.1186/s12877-
023-03737-0

43. Pan XF, Wang L, Pan A. Epidemiology and determinants of obesity in China.
Lancet Diabetes Endocrinol (2021) 9:373–92. doi: 10.1016/S2213-8587(21)00045-0

44. Liu X, Tai APK, Chen Y, Zhang L, Shaddick G, Yan X, et al. Dietary shifts can
reduce premature deaths related to particulate matter pollution in China. Nat Food
(2021) 2:997–1004. doi: 10.1038/s43016-021-00430-6

45. Wang Y, Wang L, Xue H, QuW. A review of the growth of the fast food industry
in China and its potential impact on obesity. Int J Environ Res Public Health (2016) 13
(111):1112. doi: 10.3390/ijerph13111112

46. Shi ZL, Wu ZM. The long-term impact of early unhappiness on health
inequalities: life course and double cumulative disadvantage. Sociological Stud (2018)
33(03):166–92+245-46.

47. Lumey LH, Vaiserman AM. Early life nutrition, adult health and development:
lessons from changing diets, famines and experimental studies. (2013).
frontiersin.org

https://doi.org/10.1073/pnas.2010588118
https://doi.org/10.1016/j.socscimed.2009.01.035
https://doi.org/10.1016/S2214-109X(18)30357-7
https://doi.org/10.1016/S2214-109X(18)30357-7
https://doi.org/10.3390/ijerph192416477
https://doi.org/10.1186/s12877-023-03737-0
https://doi.org/10.1186/s12877-023-03737-0
https://doi.org/10.1016/S2213-8587(21)00045-0
https://doi.org/10.1038/s43016-021-00430-6
https://doi.org/10.3390/ijerph13111112
https://doi.org/10.3389/fendo.2023.1193884
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Trends of the burden of type 2 diabetes mellitus attributable to high body mass index from 1990 to 2019 in China
	Introduction
	Materials and methods
	Data sources
	Definitions of type 2 diabetes mellitus and high body mass index
	Estimation of type 2 diabetes mellitus burden attributed to high body mass index
	Statistical analysis

	Results
	Description analysis of type 2 diabetes mellitus deaths and disability-adjusted life years attributable to a high body mass index in China
	Temporal trends for the burden of type 2 diabetes mellitus attributable to high body mass index in China by gender
	Variation in temporal trends for the burden of type 2 diabetes mellitus attributable to high body mass index in the age, period, and cohort in China by gender
	The age–period–cohort model results for the burden of type 2 diabetes mellitus attributable to high body mass index in China by sex
	Comparisons of the difference between the burden of type 2 diabetes mellitus attributable to high body mass index in China and in worldwide

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


