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Abstract

Background: Diabetes mellitus is a chronic metabolic disease and has become
one of the major chronic diseases threatening the health of Chinese residents.

Objective: To understand the epidemic characteristics and disease burden of
diabetes mellitus in China from 1990 to 2019, and to provide data reference for
evaluating and formulating diabetes-related prevention and control policies and
measures.

Methods: Utilizing the results of the 2019 Global Burden of Disease Study, we
described the trends and age distribution characteristics of diabetes mellitus
incidence, mortality, disability-adjusted life years (DALYs), years of life lost
due to premature mortality (YLLs), and years lived with disability (YLDs) in
China from 1990 to 2019, and predicted the incidence rate of diabetes mellitus
in China from 2020 to 2030 using the Bayesian Age-Period-Cohort (BAPC)
analysis method.

Results: In 2019, the crude incidence rate of diabetes mellitus in China was
265.45 per 100,000, and the age-standardized incidence rate was 204.31 per
100,000, representing increases of 63.12% and 15.93%, respectively, compared
with 1990; the crude mortality rate was 12.16 per 100,000, and the age-
standardized mortality rate was 9.44 per 100,000, with increases of 105.41%
and 2.61%, respectively. The YLL rate exhibited a declining trend, while
the YLD rate and DALY rate showed upward trends. The disease burden of
diabetes mellitus in males was higher than that in females, with a faster growth
rate; the disease burden of diabetes mellitus increased with age; between 2020
and 2030, the incidence rate of diabetes mellitus in the Chinese population is
projected to show a declining trend.

Conclusion: The disease burden of diabetes mellitus in China remains substan-
tial, with numerous incident cases and deaths; the disease burden is character-

chinarxiv.org/items/chinaxiv-202301.00214 Machine Translation


https://chinarxiv.org/items/chinaxiv-202301.00214
https://chinarxiv.org/items/chinaxiv-202301.00214

ChinaRxiv [$X]

ized by a high burden attributable to disability. Early prevention of diabetes
mellitus should be emphasized to reduce the occurrence of complications; males
and middle-aged and elderly populations bear a heavier disease burden and
should receive adequate attention.
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Abstract

Background: Diabetes is a chronic metabolic disease that has become one of
the major chronic diseases threatening the health of Chinese residents. Objec-
tive: To understand the epidemiological characteristics and disease burden of
diabetes in China from 1990-2019, and to provide data for evaluating and formu-
lating diabetes-related prevention and treatment policies and measures. Meth-
ods: Using the results of the Global Burden of Disease Study 2019, we described
the changes and age distribution characteristics of diabetes incidence, mortality,
disability-adjusted life years (DALY), years of life lost (YLL), and years lived
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with disability (YLD) in China from 1990 to 2019, and projected the incidence
of diabetes in China from 2020 to 2030 using Bayesian age-period-cohort anal-
ysis (BAPC) method. Results: In 2019, the crude incidence of diabetes in
China was 265.45/100,000 and the standardized incidence was 204.31,/100,000,
representing increases of 63.12% and 15.93% respectively relative to 1990; the
crude mortality rate was 12.16/100,000 and the standardized mortality rate was
9.44/100,000, representing increases of 105.41% and 2.61% respectively. The
YLL rate showed a decreasing trend, while the YLD rate and DALY rate showed
increasing trends. The disease burden of diabetes in men was higher than that
in women, with a faster growth rate. The disease burden of diabetes increased
with age. Between 2020-2030, the incidence of diabetes in our population shows
a decreasing trend. Conclusion: The disease burden of diabetes in China
remains heavy, with high numbers of morbidity and mortality. The disease bur-
den is characterized by a high burden caused by disability. Attention should be
paid to early prevention of diabetes to reduce the occurrence of complications.
The disease burden is higher in males and middle-aged and elderly populations,
and sufficient attention should be given to these groups.

Keywords: Diabetes; Burden of Disease; Prediction; China

Introduction

Diabetes is a chronic metabolic disease that causes serious damage to the heart,
blood vessels, eyes, kidneys, and other organs over time. Both the number of
people with diabetes and diabetes-related deaths are increasing globally, with
particularly rapid growth in developing countries such as China and India. In
addition to the significant increase in prevalence and mortality, diabetes control
and treatment of its complications consume substantial medical resources [1]. A
study investigating diabetes among Chinese adults from 2015-2017 found that
the prevalence rate was 11.2%, and diabetes significantly increases the risk of
ischemic heart disease and stroke, demonstrating that diabetes has become one
of the chronic diseases threatening the health of Chinese residents [2]. Currently,
some Chinese scholars have studied the disease burden of diabetes in certain re-
gions, finding that although diabetes mortality is decreasing, the overall disease
burden continues to rise [3-5]. Other studies have shown that the cancer disease
burden attributable to type 2 diabetes in China is increasing, with diabetes ex-
erting a growing influence on cancer [6]. Therefore, this study utilizes the Global
Burden of Disease Study (GBD) database to comprehensively analyze the inci-
dence, mortality, and disease burden of diabetes in China from 1990-2019 and
their changes, and to predict the incidence trend from 2020-2030. This will help
to comprehensively understand the prevention and control situation of diabetes
in China, reduce residents’ risk of other diseases caused by diabetes, and provide
data for relevant departments to formulate diabetes prevention and treatment
policies and measures.
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Methods
1.1 Data Sources

This study utilized data from the Global Burden of Disease Study 2019 (GBD
2019) for statistical analysis. GBD 2019 employs unified and comparable meth-
ods to comprehensively analyze and estimate the disease burden of 369 diseases
or injuries in 204 countries and territories globally, while systematically #i¥2 ing
the attributable disease burden of 87 risk factors [7]. We screened the GBD
database, selecting “China” as the region, “Diabetes mellitus” as the cause of
death, all years from 1990-2019, and age groups of 0-4, 5-9, 10-14---90-94, and
954 years.

1.2 Measurement Indicators

This study used standardized incidence and mortality rates to describe morbid-
ity and mortality, and employed disability-adjusted life years (DALY), years
of life lost (YLL), and years lived with disability (YLD) to assess the disease
burden of diabetes in China, where DALY = YLL + YLD. All these data can
be obtained directly from the GBD data website.

1.3 Statistical Analysis Methods

We used Bayesian age-period-cohort analysis (BAPC) method to predict the in-
cidence of diabetes in China from 2020-2030 based on GBD big data on diabetes
incidence in China from 1990-2019 [8,9]. Future standardized population data
adopted population forecasts from the 2017 GBD database [10]. The BAPC
model is based on the age-period-cohort (APC) model, which is commonly used
to analyze trends in chronic disease incidence and mortality. The classical APC
model can describe disease trends based on the effects of age, period, and cohort
on incidence or mortality, and make predictions according to these trends. How-
ever, there is a linear relationship among these three factors in the APC model,
making parameter estimation difficult. Therefore, a Bayesian model is added
to the APC model. The Bayesian model can integrate prior information about
unknown parameters with sample information to estimate the posterior distri-
bution, and infer unknown parameters based on the posterior distribution. This
model estimation commonly uses the integrated nested Laplace approximation
(INLA) algorithm to directly approximate the posterior marginal distribution.
Since expected effects in adjacent time periods may be similar, a second-order
random walk (RW2) model is used to study the effects of age, period, and co-
hort, estimating the number of incident cases, age-specific incidence rates, and
standardized incidence rates. This prediction process is typically implemented
through the BAPC package and INLA package in R [9,11,12]. Descriptive data
were organized and analyzed using EXCEL software, while predictive data were
calculated using R (version v4.1.2) and visualized using the ggplot2 package.
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Results
2.1 Diabetes Incidence and Mortality

From 1990-2019, the crude incidence of diabetes in China increased from
162.73/100,000 to 265.45/100,000, a growth of 63.12%, while the standardized
incidence increased from 176.23/100,000 to 204.31/100,000, a growth of 15.93%.
The crude mortality rate increased from 5.92/100,000 to 12.16/100,000, a
growth of 105.41%, while the standardized mortality rate increased from
9.2/100,000 to 9.44/100,000, a growth of 2.61%.

By gender, in 2019, the standardized incidence and mortality rates for Chinese
men were 216.38/100,000 and 10.72/100,000 respectively, representing increases
of 23.94% and 25.07% compared to 1990. For Chinese women in 2019, the stan-
dardized incidence and mortality rates were 191.96/100,000 and 8.76,/100,000
respectively, representing increases of 7.03% and a decrease of 12.74% compared
to 1990. As shown in [Figure 1: see original paper], the incidence of diabetes in
both men and women showed a fluctuating, slow upward trend from 1990-2019,
with higher incidence in men than in women. The standardized mortality rates
for both men and women peaked around 2004, with women’ s rates higher than
men’ s before 2004 and men’ s rates higher than women’ s after 2004.

By age group, in 2019, the total standardized incidence of diabetes in China rose
linearly before the 50-54 age group, reaching its peak in the 50-54 age group,
after which it gradually declined with age. The trend for women was similar to
the overall trend. For men, the standardized incidence showed inflection points
in the 40-44, 55-59, and 65-69 age groups, presenting an “M-shaped” pattern.

Table 1 Diabetes incidence and deaths in China, 1990-2019 (1,/100,000)

2.2 Diabetes Disease Burden

From 1990-2019, the YLL rate due to diabetes in the Chinese population
decreased from 204.71/100,000 to 178.45/100,000, the YLD rate increased
from 260.74/100,000 to 316.30/100,000, and the DALY rate increased from
465.46,/100,000 to 494.76,/100,000.

By gender, in 2019, the YLL rate, YLD rate, and DALY rate for men increased
by 8.09%, 30.04%, and 21.08% respectively compared to 1990. For women, the
YLL rate and DALY rate decreased by 28.31% and 6.68% respectively, while
the YLD rate increased by 12.65%. See .

By age group, in 2019, the YLL rate, YLD rate, and DALY rate generally
showed a clear upward trend with age, but with inflection points in the 75-79
and 70-74 age groups respectively. Men’ s YLL rate, YLD rate, and DALY rate
were higher than women’ s in all age groups, and substantially exceeded women’
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s rates in the 75-79, 65-69, and 70-74 age groups respectively. See [Figure 3: see
original paper].

Table 2 Disease burden of diabetes in China, 1990-2019 (1,/100,000)

2.3 Disease Burden by Diabetes Type

Comparing the disease burden of type 1 and type 2 diabetes, type 2 diabetes had
higher standardized incidence, standardized mortality, and DALY rates than
type 1 diabetes. By type, the standardized incidence of type 1 diabetes showed
a slow upward trend, increasing from 1.96/100,000 in 1990 to 3.26/100,000.
Compared to 1990, both the standardized mortality and DALY rate of type
1 diabetes decreased, by 52.63% and 38.48% respectively. In 2019, the stan-
dardized incidence, standardized mortality, and DALY rate of type 2 diabetes
in China all increased compared to 1990, rising by 15.37%, 6.26%, and 9.34%
respectively. See .

Table 3 Disease burden of type 1 and type 2 diabetes in China, 1990-2019
(1/100,000)

2.4 Prediction of Diabetes Incidence in China from 2020-2030

During the projected period of 2020-2030, the standardized incidence of diabetes
in the Chinese population shows a certain downward trend. Specifically, the
standardized incidence for men will decrease from 212.14/100,000 in 2020 to
187.84/100,000 in 2030, a decline of 11.45%. For women, the standardized
incidence will decrease from 185.25/100,000 in 2020 to 150.79/100,000 in 2030,
a decline of 18.60%. According to these projections, the decline will be greater
for women than for men.

Figure 4 Prediction results of diabetes in China, 2020-2030 [Figure 4: see
original paper]

Discussion

3.1 Trends in Diabetes Incidence and Mortality in China from 1990-
2019

This study used data from GBD 2019 for China to analyze the incidence, mor-
tality, and disease burden of diabetes from 1990-2019. Over the 30-year period,
the standardized incidence of diabetes in China showed a fluctuating upward
trend. According to the latest estimates of diabetes prevalence and trends in
various countries and regions by the International Diabetes Federation (IDF),
the number of people with diabetes in China reached 140.9 million in 2021,
ranking first globally. The number of patients in India, the second-ranked coun-
try, was 74.2 million—China’ s patient count is nearly double that of India.
China’ s age-adjusted prevalence rate of diabetes among adults reached 10.6%,
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higher than the global diabetes prevalence level of 9.8%. In 2019, China’ s
standardized mortality rate increased by 2.65% compared to 1990, a relatively
small increase. However, according to IDF data, China is the country with the
highest number of annual diabetes deaths in the Western Pacific region, with
nearly 1.4 million deaths in 2021. Additionally, 72.8 million adults in China
had undiagnosed diabetes. Furthermore, China is the country with the highest
diabetes-related health expenditure after the United States, reaching $165.3 bil-
lion in 2021 [13]. The direct economic burden of diabetes is related to prevalence,
national economic development level, and diabetes prevention and treatment ef-
forts [1]. These data all indicate that diabetes imposes a heavy economic burden
on both families and the nation. With a huge number of diabetes patients in
China, the prevention and control situation is severe, and diabetes prevention
and control work still faces enormous challenges.

3.2 Trends in Diabetes Disease Burden in China from 1990-2019

The results of this study show that in 2019, the YLD rate accounted for as
high as 63.93% of the DALY rate, compared to 56.02% in 1990, while the YLL
rate accounted for 36.07%, a decrease of 12.83% compared to 1990. The de-
cline in the YLL rate is mainly related to the decrease in diabetes mortality,
indicating that the risk of death from diabetes in China has decreased, which
may be associated with increased accessibility of medical services and improved
medical levels in recent years. However, the risk of disability from diabetes
has increased, consistent with previous research results [4,14]. Diabetes has the
characteristics of high prevalence and disability rates, leading to serious diseases
of the heart and blood vessels, eyes, kidneys, and nerves. The treatment costs
of complications are also much higher than those for patients without complica-
tions [15,16]. However, the awareness rate of diabetes in China is only 36.5%, the
treatment rate is 32.2%, and the treatment control rate is 49.2% [2]. Therefore,
it is necessary to actively popularize residents’ awareness of self-blood glucose
management, attach importance to early diagnosis of diabetes, further improve
the quality of community diabetes management, and simultaneously reduce the
incidence of diabetes complications to alleviate the disease burden caused by
diabetes-related disability.

From the perspective of diabetes types, type 2 diabetes is the main type of
diabetes disease burden in China. Type 2 diabetes mostly occurs in adulthood,
and obesity and overweight are risk factors [17]. Studies have shown that regu-
lar moderate-intensity exercise can effectively prevent the occurrence of type 2
diabetes, and physical activity can affect blood glucose levels in the body and
reduce the risk of developing diabetes [18].

3.3 Gender and Age Characteristics of Diabetes Disease Burden in
China

By gender, from 1990-2019, the standardized incidence of diabetes among Chi-
nese men was higher than that among women. Men’ s standardized mortality
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rate surpassed women’ s around 2008, and the growth rates of standardized
incidence, standardized mortality, and DALY rate were all faster than those for
women. This may be related to higher exposure levels of risk factors such as obe-
sity and overweight, smoking, excessive drinking, and sedentary lifestyle among
men [19-22]. From the perspective of age distribution, the high-incidence period
of standardized incidence in 2019 was between 35-79 years, and standardized
mortality showed an upward trend with age, increasing rapidly starting from the
65-69 age group, which is consistent with most previous research results [3,4,23].
In 2019, the YLL rate, YLD rate, and DALY rate increased with age, peaking
at 70-89 years. The YLL rate increased significantly after age 50, indicating
that middle-aged and elderly people have a higher risk of death from diabetes.
This suggests that health monitoring of middle-aged and elderly populations
should be strengthened, particularly health promotion for middle-aged and el-
derly men, to improve health awareness of regular blood glucose checks in this
group. For high-risk groups such as those who are overweight or obese or have
elevated blood glucose, early detection, early management, and early treatment
of diabetes should be achieved to reduce the disease burden.

3.4 Predicted Trends in Diabetes Incidence in China

This study predicts the incidence of diabetes in China from 2020-2030, and the
results show a downward trend for both men and women during this decade,
suggesting that China’ s “Medium and Long-term Plan for the Prevention and
Treatment of Chronic Diseases (2017-2025)” may be achieving results. However,
IDF predicts that the number of people with diabetes in China will reach 164.1
million in 2030, and the number of patients is still increasing. In addition, stud-
ies have shown that the diabetes mortality rate and disease burden attributable
to high BMI in China’ s 15+ age group have increased significantly. Therefore,
attention should be paid to potential disease risks among Chinese adolescents,
health promotion should be carried out for this group, appropriate physical ex-
ercise should be encouraged, and awareness of disease risk prevention should be
established [19,24].

This study collected nearly 30 years of data on diabetes incidence and mortality
in China from the GBD 2019 database and analyzed the trends in diabetes
incidence and mortality in China. From 1990-2019, the number of diabetes cases
and deaths in China increased significantly. The disease burden of diabetes in
men was higher than that in women, and the growth rate was faster than that
in women. Type 2 diabetes and middle-aged and elderly populations had the
heaviest diabetes disease burden. This suggests that health management and
prevention awareness should be strengthened for type 2 diabetes patients and
high-risk groups to reduce the disease burden of diabetes. Meanwhile, men and
middle-aged and elderly populations should be the focus of diabetes attention,
and appropriate allocation of health resources should be #ifl ed toward these
groups. However, this study has limitations: it did not include risk factors for
diabetes. If subsequent research can conduct in-depth analysis of risk factors
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affecting diabetes, it will help provide references for China to adopt more precise
intervention measures. In addition, predictions are simulated under limited
conditions, and many uncontrollable factors affect disease occurrence, which
may be influenced by various factors such as population, environment, health,
and economy. Therefore, the prediction results of this paper will deviate from
the actual situation, and the accuracy of the prediction results will decrease with
increasing prediction time. The BAPC model needs to be further improved to
enhance its prediction accuracy.

Author Contributions: Liang Shanshan conceived the article and wrote the
initial draft; Zhou Zhihua was responsible for data collection, statistical analysis,
and mapping; Li Chengcheng revised the paper; Chen Huijing organized the
literature; Zhou Shangcheng was responsible for quality control and review of
the article.

Conflict of Interest: The authors declare no conflict of interest.

References

[1] Hou QT, Li Y, Li SY, et al. Current status of global diabetes disease burden
[J]. Chinese Journal of Diabetes, 2016, 24(1): 92-96.

[2] Writing Group of the “China Cardiovascular Health and Disease Report
2020” . Overview of the “China Cardiovascular Health and Disease Report
2020” [J]. Chinese Journal of Cardiovascular Research, 2021, 19(7): 582-590.

[3] Ding XB, Mao DQ, Jiao Y, et al. Analysis of prevalence, mortality, and
disability-adjusted life year rate of diabetes in Chongqing [J]. Journal of Shang-
hai Jiao Tong University (Medical Science), 2021, 41(1): 78-81.

[4] Chen WJ, Qian YG, Chu D, et al. Study on the trend of diabetes disease bur-
den in Inner Mongolia Autonomous Region from 1990-2019 [J]. Disease Surveil-
lance, 2022, 37(6): 826-831.

[5] Guan HY, Yu H, Luo PF, et al. Analysis of disease burden and its changing
trend of type 2 diabetes among residents in Jiangsu Province from 1990 to 2019
[J]. Chinese Journal of Prevention and Control of Chronic Diseases, 2022, 30(9):
666-671.

[6] XuY, Li ZX, Ma Y, et al. Study on the cancer disease burden attributable
to type 2 diabetes in Chinese adults from 1990-2019 [J]. China Cancer: 1-8.

[7] 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 [J]. Lancet (London, England), 2020, 396(10258):
1223-1249.

[8] Riebler A, Held L. Projecting the future burden of cancer: Bayesian age-
period-cohort analysis with integrated nested Laplace approximations [J]. Bio-

chinarxiv.org/items/chinaxiv-202301.00214 Machine Translation


https://chinarxiv.org/items/chinaxiv-202301.00214

ChinaRxiv [$X]

metrical Journal. Biometrische Zeitschrift, 2017, 59(3): 531-549.

[9] Yang M, Wang SW, Yu CH. Disease burden status and incidence trend
prediction of malignant skin tumors in China from 1990-2019 [J]. China Cancer:
1-9.

[10] GBD. Global Fertility, Mortality, Migration, Population Forecasts
2017-2100 [EB/OL]. https://ghdx.healthdata.org/record/ihme-data/global-
population-forecasts-2017-2100.

[11] Zheng RS, Chen WQ. Introduction to age-period-cohort prediction model
based on Bayesian method [J]. Chinese Journal of Preventive Medicine, 2012(7):
648-650.

[12] Xu QQ, Yan YF, Chen H, et al. Prediction study on achieving sustainable
development goals for mortality of four major chronic diseases in China [J].
Chinese Journal of Epidemiology, 2022, 43(6): 878-884.

[13] International Diabetes Federation. IDF Diabetes Atlas, 10th edn. Brussels,
Belgium: 2021. [EB/OL]. https://www.diabetesatlas.org.

[14] Zhou M, Wang H, Zeng X, et al. Mortality, morbidity, and risk factors
in China and its provinces, 1990-2017: a systematic analysis for the Global
Burden of Disease Study 2017 [J]. Lancet (London, England), 2019, 394(10204):
1145-1158.

[15] Li QX, Zhou SC, Chen PP, et al. Study on the economic burden of diabetes
in Shenzhen [J]. Health Economics Research, 2021, 38(3): 63-66.

[16] Wang J, Wang LD, Jiang QC, et al. Systematic review of direct medical
costs of diabetes in China [J]. Modern Preventive Medicine, 2018, 45(3): 462-
4664-490.

[17] Zhang YC, Zhang YQ. Research progress on diabetes types and complica-
tions [J]. Genomics and Applied Biology, 2021, 40(2): 958-960.

[18] Peng L, Han P. Relationship between physical activity level, sedentary time
and glucose and lipid metabolism in patients with type II diabetes [J]. Modern
Preventive Medicine, 2017, 44(23): 4302-4305.

[19] Jiang Y'Y, Liu M, Ji N, et al. Study on the disease burden of diabetes caused
by high BMI in China from 1990-2016 [J]. Chinese Journal of Epidemiology,
2019, 40(1): 46-51.

[20] Laaksonen MA, Knekt P, Rissanen H, et al. The relative importance of
modifiable potential risk factors of type 2 diabetes: a meta-analysis of two
cohorts [J]. European Journal of Epidemiology, 2010, 25(2): 115-124.

[21] Li Y, Wang DD, Ley SH, et al. Time Trends of Dietary and Lifestyle Factors
and Their Potential Impact on Diabetes Burden in China [J]. Diabetes Care,
2017, 40(12): 1685-1694.

chinarxiv.org/items/chinaxiv-202301.00214 Machine Translation


https://chinarxiv.org/items/chinaxiv-202301.00214

ChinaRxiv [$X]

[22] Huerta JM, Tormo MJ, Chirlaque MD, et al. Risk of type 2 diabetes
according to traditional and emerging anthropometric indices in Spain, a
Mediterranean country with high prevalence of obesity: results from a
large-scale prospective cohort study [J]. BMC endocrine disorders, 2013, 13: 7.

[23] Yuan XX, Zhong AL, Zhou SC, et al. Analysis of probability of premature
death and disease burden of diabetes in Guangzhou from 2017-2019 [J]. Modern
Preventive Medicine, 2021, 48(5): 785-789.

[24] Mo YF, Zhou J, Jia WP. Interpretation of the International Diabetes Feder-
ation’s Global Diabetes Plan 2011-2021 [J]. Chinese Journal of Medical Frontiers
(Electronic Edition), 2012, 4(9): 20-23.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202301.00214 Machine Translation


https://chinarxiv.org/items/chinaxiv-202301.00214

	Disease Burden and Incidence Prediction of Diabetes in China, 1990-2019: Postprint
	Abstract
	Full Text
	Preamble
	Abstract
	Introduction
	Methods
	1.1 Data Sources
	1.2 Measurement Indicators
	1.3 Statistical Analysis Methods

	Results
	2.1 Diabetes Incidence and Mortality
	2.2 Diabetes Disease Burden
	2.3 Disease Burden by Diabetes Type
	2.4 Prediction of Diabetes Incidence in China from 2020-2030

	Discussion
	3.1 Trends in Diabetes Incidence and Mortality in China from 1990-2019
	3.2 Trends in Diabetes Disease Burden in China from 1990-2019
	3.3 Gender and Age Characteristics of Diabetes Disease Burden in China
	3.4 Predicted Trends in Diabetes Incidence in China

	References


