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Abstract

Background: Type 2 diabetes mellitus (T2DM) in the elderly has become a
major public health challenge affecting population health globally and in China,
making it imperative to clarify the associated disease burden.

Objective: To analyze the disease burden of elderly T2DM globally and in
China from 1990 to 2021 and predict future trends, thereby providing reference
for public health and medical decision-making.

Methods: Data on incidence and mortality burden for T2DM patients aged 60
years and above globally and in China from 1990 to 2021 were extracted and
compiled from the Global Burden of Disease (GBD) 2021 database. Based on
the GBD 2021 standard population, age-standardized incidence and mortality
rates were estimated for the elderly T2DM population. Joinpoint regression was
used to calculate the average annual percent change (AAPC) to assess trends
in disease burden. Subgroup analyses were conducted based on age and sex,
and decomposition analysis was employed to explore the relative effects of three
factors—population aging, population growth, and epidemiological changes—on
the changes in disease burden. A Bayesian model was used to predict incidence
and mortality cases from 2022 to 2035.

Results: In 2021, there were 6,047,049 and 800,764 incidence cases of elderly
T2DM globally and in China, respectively, representing increases of 178.68% and
220.28% compared to 1990. From 1990 to 2021, the global age-standardized inci-
dence rate showed an overall upward trend (AAPC=1.21%, P<0.001), whereas
China’ s overall upward trend was not statistically significant (AAPC=0.29%,
P=0.189). In 2021, there were 1,304,150 and 149,972 deaths from elderly
T2DM globally and in China, respectively, representing increases of 164.68%
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and 197.98% compared to 1990. From 1990 to 2021, the global age-standardized
mortality rate showed an overall upward trend (AAPC=0.32%, P<0.001), while
China’ s trend remained relatively stable (AAPC=0.01%, P=0.922). Addition-
ally, both globally and in China, incidence and mortality cases were higher in
females than in males in 1990 and 2021, with the 60-64 age group accounting for
the highest proportion of incidence cases in 2021, and the 70-74 age group ac-
counting for the highest proportion of mortality cases. Decomposition analysis
revealed that population growth was the main influencing factor for the increase
in incidence and mortality cases of elderly T2DM globally and in China. Predic-
tive analysis indicated that the incidence and mortality cases of elderly T2DM
globally, as well as mortality cases in China, will continue to show an upward
trend from 2022 to 2035.

Conclusion: The incidence and mortality burden of elderly T2DM remains heavy
globally and in China. There is an urgent need to further strengthen and for-
mulate more effective public health policies and clinical prevention and control
strategies to play an active role in reducing the fundamental burden of elderly
T2DM.
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Abstract

Background: Type 2 diabetes mellitus (T2DM) among the elderly has become
a significant public health problem both globally and in China, posing a sub-
stantial threat to population health. Clarifying the related disease burden is
extremely urgent.

Objective: To assess the disease burden of T2DM among the elderly population
globally and in China from 1990 to 2021, project future trends, and offer insights
to inform public health and medical decision-making.

Methods: Data on incidence and mortality burdens of individuals aged 60
years and above with T2DM in China and worldwide were extracted from the
Global Burden of Disease (GBD) 2021 database. Age-standardized incidence
and mortality rates were estimated based on the GBD 2021 standard population.
Joinpoint regression was utilized to calculate the average annual percentage
change (AAPC) for assessing disease burden trends. Subgroup analyses were
performed based on age and sex, and decomposition analysis examined how
aging, population growth, and epidemiological changes impacted disease burden.
Bayesian models were employed to forecast incidence and mortality between
2022 and 2035.

Results: In 2021, the global incidence of T2DM among the elderly stood
at 6,047,049 cases, while in China it reached 800,764 cases, representing in-
creases of 178.68% and 220.28%, respectively, compared to 1990. From 1990
to 2021, the global age-standardized incidence rate exhibited a significant over-
all upward trend (AAPC=1.21%, P<0.001), whereas the trend in China was
not statistically significant (AAPC=0.29%, P=0.189). The number of deaths
among elderly T2DM patients in 2021 in the global and Chinese populations was
1,304,150 and 149,972, respectively, marking increases of 164.68% and 197.98%
compared to 1990. Throughout the same period, the global age-standardized
mortality rate displayed a consistent upward trend (AAPC=0.32%, P<0.001),
while the trend in China remained relatively stable (AAPC=0.01%, P=0.922).
Notably, both incidence and mortality numbers for females in 1990 and 2021,
globally and in China, exceeded those of males. Meanwhile, the 60-64 age group
had the highest proportion of incidences in 2021, while the 70-74 age group had
the highest proportion of deaths. Population growth emerged as the primary
driver of the rise in incidence and mortality among elderly T2DM patients in
both global and Chinese populations, as revealed by decomposition analysis.
The projection indicates a continued increase in the incidence and mortality of
elderly T2DM patients worldwide and in China from 2022 to 2035.

Conclusion: The persistent heavy burden of incidence and mortality among
elderly individuals with T2DM in both global and Chinese populations necessi-
tates urgent strengthening and formulation of more effective public health poli-
cies and clinical prevention and control strategies to alleviate the fundamental
burden associated with this demographic.

chinarxiv.org/items/chinaxiv-202503.00288 Machine Translation


https://chinarxiv.org/items/chinaxiv-202503.00288

ChinaRxiv [$X]

Keywords: Type 2 diabetes mellitus; Older adult; Disease burden; Epidemio-
logical feature; Predictive analysis

Introduction

Type 2 diabetes mellitus (T2DM), also known as non-insulin-dependent diabetes
or adult-onset diabetes, is a metabolic disorder characterized by hyperglycemia,
insulin resistance, and relative insulin deficiency. T2DM frequently co-occurs
with obesity, metabolic dysfunction-associated steatotic liver disease, hyperten-
sion, and other chronic conditions. Moreover, T2DM represents a major risk fac-
tor for atherosclerotic cardiovascular diseases, stroke, and myocardial infarction,
while also potentially causing renal damage, retinopathy, neuropathy, and com-
promised immune function, significantly impacting patients’ quality of life and
life expectancy. Current treatments for T2DM, including insulin and oral hy-
poglycemic agents, are well-established, and novel antidiabetic drugs including
sodium-glucose cotransporter-2 (SGLT-2) inhibitors and glucagon-like peptide-1
(GLP-1) receptor agonists continue to emerge, providing new opportunities for
improved T2DM management.

According to research reports, China has become the country with the largest
elderly population aged 60 years and above globally, reaching 267 million by the
end of 2021. As China’ s aging population continues to grow, the disease burden
of elderly T2DM will further intensify. The Global Burden of Disease (GBD)
study, led by the Institute for Health Metrics and Evaluation at the University of
Washington with participation from multiple countries and regions, represents a
comprehensive epidemiological investigation project. This dataset encompasses
health impact indicators for various diseases, injuries, and risk factors, serving
as the most representative data source for investigating disease epidemiologi-
cal trends, with the latest available data extending to 2021. Analyzing specific
disease epidemiological characteristics across countries helps governments and
research institutions understand disease burden, thereby facilitating the devel-
opment of effective public health policies and clinical intervention strategies and
enabling subsequent evaluation of implemented health measures. Therefore, this
study aims to utilize the latest GBD data to conduct a detailed analysis of inci-
dence and mortality burden of elderly T2DM globally and in China from 1990
to 2021, while predicting disease burden from 2022 to 2035, to provide impor-
tant references for developing and evaluating T2DM public health policies and
clinical management strategies.

Methods

1.1 Data Sources

All data used in this study were extracted from the recently published GBD 2021
database, accessible at https://vizhub.healthdata.org/gbd-results/. To conduct
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this research, we extracted incidence and mortality data for T2DM among in-
dividuals aged 60 years and above (defined as “elderly population” ) in China,
globally, and across five sociodemographic index (SDI) regions from 1990 to
2021. The data extraction process involved sequentially selecting “Cause of
death or injury” under “GBD Estimate,” then “Incidence” and “Deaths” under
“Measure,” “Number” and “Rate” under “Metric,” “Diabetes mellitus type 2”
under “Cause,” “Global,” “China,” and the five SDI regions under “Location,” age
groups from “60-64 years” to “954 years” in 5-year intervals under “Age,” “Fe-
male,” “Male,” and “Both” under “Sex,” and all years from “1990” to “2021”
under “Year,” before downloading the data.

The SDI is an evaluation metric developed by the GBD collaborative group
based on rankings of per capita income, average education level, and total fertil-
ity rate across all countries and regions, used to measure sociodemographic
development level. The index ranges from 0 to 1, with higher values indi-
cating greater sociodemographic development. The GBD collaborative group
classifies 204 countries/territories into five SDI regions: low (<0.466), low-
middle (0.466-0.619), middle (0.620-0.712), high-middle (0.713-0.810), and high
(>0.810). China had an SDI of 0.722 in 2021, placing it in the high-middle SDI
region.

1.2 Statistical Analysis

All statistical analyses and graphing were performed using R 4.4.0 and Excel
2019. First, using the GBD 2021 standard world population as reference, we
estimated incidence numbers, mortality numbers, age-standardized incidence
rates, age-standardized mortality rates, and their 95% confidence intervals (CIs)
for the population aged 60 years and above. Second, with the maximum number
of joinpoints set at 5, we employed Joinpoint regression to calculate the annual
percent change (APC) and average annual percentage change (AAPC) with
95% ClIs for age-standardized incidence and mortality rates of elderly T2DM to
assess temporal trends in epidemiological characteristics. APC reflects disease
standardized rate trends within a specific time segment, while AAPC reflects
overall trends throughout the entire analysis period. If the upper limit of the
95% CI for APC/AAPC is less than 0, it indicates a decreasing trend; if the
lower limit is greater than 0, it indicates an increasing trend; and if it includes
0, it indicates a relatively stable trend.

Additionally, subgroup analyses were conducted based on sex and age groups
to fully describe disease burden among elderly T2DM patients. Simultaneously,
we performed decomposition analysis using the method proposed by Das Gupta
to examine the relative contributions of three factors—aging, population growth,
and epidemiological changes—to changes in elderly T2DM disease burden, with
the sum of their respective contributions equaling 100% within the same region.
Finally, based on a Bayesian age-period-cohort model, we predicted incidence
and mortality numbers for elderly T2DM from 2022 to 2035 to assess future
burden trends. All statistical tests were two-sided, with statistical significance
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Results

2.1 Trends in Incidence Burden of Elderly T2DM Globally and in
China

In 2021, the total, female, and male incidence numbers of elderly T2DM glob-
ally were 6,047,049, 3,034,395, and 3,012,654 cases, respectively, representing in-
creases of 178.68%, 169.40%, and 187.24% compared to 1990. Age-standardized
incidence rates showed an overall upward trend from 1990 to 2021, with aver-
age annual increases of 1.21% (95%CI=1.13%-1.30%), 1.19% (95%CI=1.14%-
1.24%), and 1.20% (95%CI=1.10%-1.30%), respectively, all statistically signif-
icant (P<0.001). Meanwhile, although female incidence numbers were higher
than male numbers in both 1990 and 2021 globally, female age-standardized
incidence rates were lower than male rates (Table 1 and Figure 1 [Figure 1: see
original paper]A).

In 2021, the total, female, and male incidence numbers of elderly T2DM in China
were 800,764, 429,058, and 371,706 cases, respectively, representing increases of
220.28%, 232.73%, and 208.80% compared to 1990. Although age-standardized
incidence rates showed overall increasing trends from 1990 to 2021, only the
change in female age-standardized incidence rate was statistically significant
(P=0.001). Meanwhile, both incidence numbers and age-standardized incidence
rates for females were higher than for males in China in 1990 and 2021 (Table
1 and Figure 1B). Additionally, compared to 1990, both incidence numbers and
age-standardized incidence rates in 2021 increased significantly across all five
global SDI regions, with the high SDI region showing the most pronounced
growth trend in age-standardized incidence rate, increasing by an average of
2.19% annually from 1990 to 2021 (95%CI=2.09%-2.29%; P<0.001).

2.2 Trends in Mortality Burden of Elderly T2DM Globally and in
China

Compared to 1990, the total, female, and male mortality numbers of elderly
T2DM globally in 2021 increased by 164.68%, 150.29%, and 183.61%, respec-
tively. Age-standardized mortality rates showed an overall upward trend from
1990 to 2021, with average annual increases of 0.32% (95%C1=0.22%-0.42%),
0.24% (95%CI1=0.12%-0.36%), and 0.41% (95%CI=0.27%-0.54%), respectively,
all statistically significant (P<0.001). Meanwhile, although female mortality
numbers were higher than male numbers in both 1990 and 2021 globally, fe-
male age-standardized mortality rates were lower than male rates (Table 2 and
Figure 1 [Figure 1: see original paper|C).

In 2021, the total, female, and male mortality numbers of elderly T2DM in
China were 149,972, 78,572, and 71,400 cases, respectively, representing in-
creases of 197.98%, 158.61%, and 257.93% compared to 1990. From 1990 to
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2021, the overall trend in age-standardized mortality rate was relatively stable,
but female age-standardized mortality rate showed a decreasing trend (AAPC=-
0.34%, 95%CI=-0.64% to -0.05%; P=0.022), while male rate showed an increas-
ing trend (AAPC=0.50%, 95%CI=0.21%-0.80%; P=0.001), both statistically
significant. Meanwhile, female mortality numbers were higher than male num-
bers in China in both 1990 and 2021; however, while female age-standardized
mortality rate was higher than male rate in 1990, it was lower than male rate
in 2021 (Table 2 and Figure 1D). Additionally, compared to 1990, mortality
numbers in 2021 increased significantly across all five global SDI regions, but
trends in age-standardized mortality rates varied. High SDI regions showed an
overall decreasing trend, while middle, low-middle, and low SDI regions showed
increasing trends, all statistically significant, whereas the high-middle SDI re-
gion showed a relatively stable overall trend (P=0.683).

2.3 Age Group Analysis of Elderly T2DM Disease Burden Globally
and in China

Subgroup analysis by 5-year age groups for elderly T2DM patients in 2021 re-
vealed consistent patterns across regions (Figure 2 [Figure 2: see original paper]).
The 60-64 age group accounted for the highest proportion of incidence numbers
globally, in China, and across SDI regions, followed by the 65-69 age group.
Specifically, the 60-64 age group accounted for 40.68% of total elderly T2DM
incidence numbers in China, while the 65-69 age group accounted for 34.52%,
with these two age groups combined exceeding three-quarters of China’ s total
elderly T2DM incidence in 2021. The high-middle SDI region had the highest
proportion in the 60-64 age group at 46.88%. Regarding mortality numbers, the
70-74 age group had the highest proportion globally, in China, and in middle
and low-middle SDI regions, while the 80-84 age group had the highest pro-
portion in high and high-middle SDI regions, and the 65-69 age group had the
highest proportion in low SDI regions.

2.4 Decomposition Analysis of Changes in Elderly T2DM Disease
Burden Globally and in China

Decomposition analysis of the three factors affecting changes in elderly T2DM
disease burden (aging, population growth, and epidemiological change) showed
that population growth was the primary contributor to increases in both inci-
dence and mortality numbers globally, accounting for 68.77% and 82.14% of the
change, respectively (Figure 3 [Figure 3: see original paper]). Similarly, popula-
tion growth was the main driver of increases in incidence and mortality numbers
in China, contributing 96.46% and 89.36%, respectively. However, in high SDI
regions, epidemiological change was the primary factor for increased incidence
numbers (53.28%), followed by population growth (51.55%), while population
growth remained the main factor for increased mortality numbers. In contrast,
epidemiological change had a reducing effect on mortality number increases in
high SDI regions (-104.09%). In other SDI regions, population growth primar-
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ily drove increases in elderly T2DM incidence numbers, with epidemiological
change playing a secondary role in the growth of both incidence and mortality
numbers.

2.5 Predictive Analysis of Elderly T2DM Disease Burden Globally
and in China

Based on the Bayesian age-period-cohort model, we predicted incidence and
mortality numbers for elderly T2DM from 2022 to 2035 globally and in China
(Figure 4 [Figure 4: see original paper|A and 4B). The projections indicate that
incidence and mortality numbers among elderly T2DM patients globally will
continue to rise from 2022 to 2035 for both sexes. In China, incidence numbers
for the total population, females, and males are expected to plateau or even
show decreasing trends, while mortality numbers will continue to increase for
the total population, females, and males.

Discussion

This study found that over the 32-year period from 1990 to 2021, the absolute
numbers of incidence and mortality among elderly T2DM populations increased
overall globally, in China, and across the five SDI regions. These results sug-
gest that despite numerous prevention and control measures implemented over
the past decades to reduce the disease burden of elderly T2DM, both global
and Chinese populations continue to face a heavy burden. This necessitates
strengthened implementation of existing strategies and development of more
effective public health policies and clinical management approaches.

Regional differences in sociodemographic development and healthcare service
levels may differentially impact elderly T2DM disease burden. For example,
increased incidence in high SDI regions may be associated with lifestyle changes
resulting from better socioeconomic development, while decreased mortality may
be related to higher levels of medical care. In China, although age-standardized
incidence and mortality trends among the overall elderly T2DM population re-
mained relatively stable, the disease burden showed sex disparities, with female
incidence numbers, mortality numbers, and age-standardized incidence rates be-
ing higher than male rates in both 1990 and 2021. Globally, female incidence
and mortality numbers also exceeded male numbers. These differences may
be related to physiological and pathological differences between sexes, such as
premature menopause increasing T2DM risk in women, women having higher
body mass index and fasting glucose as risk factors before T2DM onset, and
female T2DM patients having higher cardiovascular complication risks, with
cardiovascular disease being the main cause of death in T2DM patients.

Age subgroup analysis revealed that the 60-64 age group accounted for the
highest proportion of elderly T2DM incidence numbers globally and in China,
indicating that T2DM onset peaks in the early elderly stage. This may be re-
lated to lifestyle changes after retirement, declining metabolic rates, and initial
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emergence of chronic diseases in this age group. Therefore, early management
targeting this age group, such as lifestyle modification and early screening, may
play an important role in preventing T2DM onset and progression in this popu-
lation. For example, a clinical trial published in The Lancet demonstrated that
substantial weight reduction (>15%-20%) through dietary replacement and be-
havioral changes could effectively induce T2DM remission. A recently published
meta-analysis of individual patient data further identified meat consumption,
particularly processed and unprocessed red meat, as a risk factor for T2DM
across different populations.

The peak mortality for T2DM patients globally and in China occurred in the
70-74 age group, while in high and high-middle SDI regions, the peak occurred
in the 80-84 age group. This aligns with existing research and may reflect ad-
vantages in healthcare levels, chronic disease management capacity, and patient
survival extension in high SDI regions, resulting in death occurring at older ages.
In contrast, limited medical resources and inadequate chronic disease manage-
ment capacity in middle and low SDI regions contribute to relatively earlier
mortality peaks.

Three-factor decomposition analysis identified population growth as the most
important factor driving increases in elderly T2DM incidence and mortality glob-
ally, contributing 68.77% and 82.14%, respectively. In China, this effect was
even more pronounced, with contribution rates reaching 96.46% and 89.36%. As
the population base increases, the absolute numbers of elderly T2DM incidence
and mortality will inevitably rise, particularly in developing countries with rel-
atively insufficient medical resources and chronic disease management capacity.
Further predictions for 2022-2035 indicate that global elderly T2DM incidence
and mortality will continue to rise, while China’ s incidence will plateau but
mortality will continue to increase significantly. Considering that elderly pa-
tients often have multiple comorbidities and higher mortality risk, this partially
explains the rising mortality trends globally and in China.

We recommend strengthening early screening for China’ s early elderly pop-
ulation aged 60-64, promoting healthy lifestyle education, particularly weight
control and dietary improvement, to prevent T2DM onset. Given the high inci-
dence numbers, mortality numbers, and age-standardized incidence rates among
Chinese female elderly T2DM patients, health promotion efforts should be en-
hanced to increase public health awareness, encourage active disease manage-
ment, and promote more effective utilization of medical resources. Considering
China’ s intensifying population aging, more comprehensive T2DM prevention
and control strategies should be developed, with strengthened community mon-
itoring and chronic disease management, improved medical service levels, and
extended patient survival with guaranteed quality of life. For patients with
multiple comorbidities such as metabolic dysfunction-associated steatotic liver
disease, hypertension, and cardiovascular disease, treatment plans should be
optimized based on the “shared decision-making” concept between doctors and
patients. For example, integrated traditional Chinese and Western medicine ap-
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proaches can control blood glucose and treat comorbidities. Numerous studies
have demonstrated that Chinese herbal medicine and acupuncture have signifi-
cant effects in reducing blood glucose, glucose variability, and improving quality
of life in T2DM patients. For instance, an animal experiment found that Puer-
aria oral liquid, a traditional Chinese medicine, could reduce body weight, blood
glucose, and lipid levels in T2DM rats while providing hepatic protection. Ad-
ditionally, a recent randomized controlled trial published in JAMA Internal
Medicine showed that Jinlida granules, a Chinese patent medicine, could reduce
diabetes risk by ameliorating multiple metabolic abnormalities.

This study represents the first epidemiological investigation based on the GBD
2021 database to examine global and Chinese elderly T2DM incidence and mor-
tality burden from 1990 to 2021, providing important evidence for healthcare
resource allocation, health management, and disease prevention. However, sev-
eral limitations exist. First, GBD data are estimated using Bayesian meta-
regression models based on epidemiological data from various sources, and the
accuracy of original data affects the reliability of GBD estimates, which may
impact the accuracy of our results. Second, this study focused on overall trends
in global and Chinese elderly T2DM incidence and mortality burden without
deeply exploring specific causes and mechanisms underlying these trends, such
as lifestyle, genetic factors, and environmental influences. Third, although fu-
ture incidence and mortality were predicted, these projections may be affected
by various uncontrollable factors such as health policy changes and medical
technology development, potentially deviating from actual conditions. Further-
more, future regional surveys at the provincial and municipal levels in China
are needed to better understand and clarify regional trends and disparities in
elderly T2DM disease burden.
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