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ABSTRACT

Introduction Diabetes and population aging have become
public health issues of global concern. The secular
incidence trends and the impact of population aging on
mortality due to type 1 diabetes mellitus (T1DM) and type
2 diabetes mellitus (T2DM) in China remain unclear.
Research design and methods The incidence and
mortality rates of T1DM and T2DM from 1990 to 2019 were
abstracted from the Global Burden of Disease Study (GBD)
2019 database. Joinpoint regression and age–period–
cohort models were used to calculate the average annual
percentage change and relative risk (RR), respectively. A
decomposition method was used to attribute changes in
total deaths to population growth, population aging, and the
mortality rate change from 1990 to 2019.
Results From 1990 to 2019, the T1DM age-standardized
incidence rate (ASIR) increased by 2.01% (95% CI 1.78% to
2.23%) in males and 1.70% (1.61% to 1.80%) in females,
and the T1DM age-standardized mortality rate (ASMR)
decreased by 1.96% (−2.22% to −1.71%) in males and
4.02% (−4.48% to −3.57%) in females. The T2DM ASIR
increased by 0.81% (0.62% to 0.99%) in males and 0.37%
(0.16% to 0.58%) in females, and the T2DM ASMR increased
by 1.06% (0.87% to 1.25%) in males and decreased by
0.24% (−0.54% to 0.07%) in females. Compared with 1990,
the proportions of deaths attributed to population aging
ranged from 18.85% (T1DM) to 148.21% (T2DM) for males
and 29.80% (T1DM) to 118.82% (T2DM) for females in 2019.
Conclusions The T1DM and T2DM incidence rates
continually increased in China, particularly among young
individuals. T1DM-related mortality decreased, while
T2DM-related mortality increased in males. Population
aging might be associated with a substantial change in
the number of deaths from 1990 to 2019. To address
the increase in T2DM-related deaths due to population
aging, policymakers should promote aging-related health
research and implement proven, cost-effective T2DM
interventions.

INTRODUCTION
Diabetes mellitus has become an epidemic
worldwide and in China. According to the

Significance of this study
What is already known about this subject?
► Previous studies have indicated that the mortality of

diabetes decreased in younger age groups but increased in older age groups and that the incidence
increased in most age groups in China. Diabetes and
population aging have become public health issues
of global concern. The secular incidence trends and
the impact of population aging on mortality due to
specifically type 1 diabetes mellitus (T1DM) and type
2 diabetes mellitus (T2DM) in China remain unclear.

What are the new findings?
► The T1DM and T2DM incidence rates continue

to increase in China, particularly among young
individuals.
► Mortality due to T1DM decreased, while mortality
due to T2DM increased in males. Population aging
might be associated with a substantial change in the
number of deaths from 1990 to 2019.

How might these results change the focus of
research or clinical practice?
► To address the increase in T2DM-related deaths due

to population aging, policymakers should promote
aging-related health research and implement proven cost-effective T2DM interventions.

latest national survey in China, the prevalence of diabetes increased from 0.67% in
1980 to 11.2% in 2017 considering the WHO
criteria.1 2 China has a large population, and
there were an estimated 116.4 million people
living with diabetes in 2019; this figure has
been projected to increase to 147.2 million
in 2045, as reported by the International
Diabetes Federation (IDF).3 In 2019, over 0.8
million deaths due to diabetes among adults
aged 20–79 years occurred in China.3 This
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is the highest number of deaths attributable to diabetes
among all IDF regions.3 The prevalence of diabetes is
important for guiding the allocation of resources for
diabetes management, but prevention strategies must be
implemented to decrease the incidence. Although two
studies have analyzed the incidence trends of diabetes
in China using the Global Burden of Disease (GBD)
database, their results combined type 1 diabetes mellitus
(T1DM) and type 2 diabetes mellitus (T2DM) into a
single category for analysis.4 5 However, the epidemiological characteristics between T1DM and T2DM present
significant differences.3
Meanwhile, China is one of the countries with the
fastest population aging and has more people aged 65
years and older than any other country worldwide. It is
estimated that by 2050, the proportion of the elderly
in the total population will reach approximately 25%.6
The health needs of the elderly in China have brought
unprecedented severe challenges to the national medical
and social care system.6 To our knowledge, systematic
analyses of diabetes in the population aging over a long
time period in China are absent in the published literature, which has restricted policymakers from developing
data-driven changes to the healthcare system to meet the
growing health needs of the elderly population.
To understand and control the burden of diabetes, it
is necessary to examine the trends in the incidence of
and mortality due to T1DM and T2DM. China has experienced rapid aging spread, healthcare reform, and
socioeconomic development. All these changes may
have different effects on the incidence and mortality of
different age groups. Therefore, we examined the trends
of the incidence and mortality in each 5-year age group
stratified by T1DM and T2DM separately over three
decades. We further analyzed the impact of population
aging on diabetes mortality and assessed how mortality
changes affect the impact of population aging in China
from 1990 to 2019.
RESEARCH DESIGN AND METHODS
Data source
The incidence and mortality rates of diabetes were
derived from the GBD Study 2019, which comprised a
comprehensive assessment of the incidence, prevalence,
and years lived with disability for 369 morbidities in 204
countries and territories from 1990 to 2019.7 8 Details
regarding the methodology used in the GBD 2019
study have been explained in previous studies and are
presented in the online supplement.7 8 The incidence
of and mortality due to T1DM and T2DM for all ages
in China was age standardized based on the GBD 2019
age-standardized global population.7 The original data
used in the GBD 2019 were obtained mainly from the
Cause of Death Reporting System of the Chinese Center
for Disease Control and Prevention, Disease Surveillance
Points and the Maternal and Child Surveillance System,
which are considered to be nationally representative.7
2

Definition of T1DM and T2DM
Diabetes was divided into T1DM and T2DM in the GBD
study. Overall diabetes mellitus was defined as a fasting
plasma glucose level ≤126 mg/dL (7 mmol/L), treatment with diabetes drugs or insulin, or a diagnosis by a
physician for persons aged <15 years that was recorded in
a diabetes registry or hospital record.7 T1DM was defined
as diagnosis by a physician that was recorded in a diabetes
registry or hospital record.7 T2DM was calculated by
subtracting the estimates of T1DM from the estimates of
overall diabetes mellitus for each age, sex, and location
group from 1990 to 2019.7
Joinpoint regression analysis
The identification of time trend changes is key in the
analysis of incidence and mortality rates. These changes
can be described by joinpoint regression analysis. In this
study, logarithmic transformation was performed for the
rates, and a binomial approximation method was used
to calculate the SE. To determine the magnitude of the
changes in the time trends of diabetes incidence and
mortality, joinpoint regression analysis was used to evaluate the average annual percent change (AAPC) and the
corresponding 95% CI.9 The AAPC was calculated using
the geometrically weighted average of the various annual
percentage change values in the regression analysis.10
This analysis was performed using Joint Command Line
V.4.5.0.1 joinpoint software provided by the United States
National Cancer Institute.
Age–period–cohort analysis
To assess risks in the population in a particular year and
the accumulation of health risks since birth, we used the
age–period–cohort model. This model allows analysis of
the independent effects of age, period, and cohort on
temporal trends of diabetes incidence and mortality. The
age–period–cohort model provides a useful parametric
framework that complements standard nonparametric
descriptive methods. In this model, the collected data
were stratified into successive 5-
year age groups and
consecutive 5-
year periods. In the age–period–cohort
intrinsic estimator model, the age-
specific rates were
appropriately recoded into successive 5-year age groups
(0–4, 5–9, …, 70–74), consecutive 5-year periods from
1994 to 2019, and corresponding consecutive 5-year birth
cohort groups (1912–1916, 1920–1924, …, 2015–2019)
to estimate net age, period, and cohort effects on the
incidence of and mortality due to diabetes. The age–period–-cohort analysis with the intrinsic estimator method
provided estimated coefficients for the age, period, and
cohort effects. These coefficients were transformed into
exponential values [exp (coef.)=ecoef.] that represent the
incidence relative risk (RR) in a particular age, period,
or birth cohort relative to the average level of all ages,
periods, or birth cohorts combined. Age–period–cohort
analysis was performed using STATA 15.0 software
(StataCorp, College Station, TX, USA).
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where Ma, Mp, and Mm indicate the main effects of
population aging, population growth, and the change in
mortality rate, respectively; Ipa, Ipm, Iam, and Ipam denote
the two-
way and three-
way interactions of the three
components; mij and sij denote the age-specific mortality
rate and proportion of the population, respectively, for
the ith age group in the jth year (i=1, 2, …, 20; j=1, 2);
and N1 and N2 represent the population sizes for group
1 and group 2, respectively. The change in the number
of deaths can then be attributed to population aging
(A), population growth (P), and changes in age-specific
mortality rates (M) as follows:
	
	
	

A = Ma + Iam + Ipa + Ipam
P = Mp + Ipm + Ipa + Ipam
M = Mm + Ipm + Iam + Ipam

RESULTS
Descriptive analysis
Trends in the age-standardized incidence rates (ASIRs)
and age-standardized mortality rates (ASMRs) of T1DM
and T2DM in males and females from 1990 to 2019 are
depicted in figure 1. The ASIRs of T1DM and T2DM
showed fluctuating increases from 1990 to 2019 among
males and females. In addition, the ASMRs of T1DM
and T2DM in males and females remained at low
levels and showed downward trends from 1990 to 2019
(except T2DM in males). The number of incident cases
and deaths due to T1DM and T2DM are presented in
online supplemental table 1. The incident case and
death numbers of total diabetes increased by 96.0% and
146.7% respectively.

Figure 1 Trends in the age-standardized incidence and
mortality rates of T1DM (A) and T2DM (B) by sex from 1990
to 2019.

Decomposition method
A recently developed decomposition method that overcomes the sensitivity to the choice of decomposition
order and the choice of reference group by calculating
the contributions of population growth, population
aging, and change in mortality rate is based on the
following formulas11:
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Joinpoint regression analysis
Table 1 shows the AAPCs in the incidence of and mortality
due to T1DM and T2DM for both males and females in
China from 1990 to 2019. The ASIRs of T1DM increased
in males and females, but the ASMRs of T1DM decreased
in males and females over the last three decades. For age-
specific rates, the incidence increased in all age groups
in males and females, and mortality decreased for all age
groups in males and females during the same period.
The ASIRs of T2DM increased in males and females,
and the ASMRs of T2DM increased in males but declined
in females from 1990 to 2019. For age-specific rates, the
incidence increased in most age groups (from age group
15–19 to ≥70 years), excluding the 45–49, 50–54, 55–59,
and 60–64 age groups in males and females. Mortality in
males significantly increased in the 25–29 and 60 years
and older age groups. Mortality in females decreased
in almost all age groups, excluding the 70-year-old and
older age group during the 1990–2019 period.
Age–period–cohort analysis
Figure 2 was plotted to reflect the age, period, and cohort
effects based on the RR of incidence (online supplemental table 2). After controlling for period and cohort
3

BMJ Open Diab Res Care: first published as 10.1136/bmjdrc-2021-002529 on 3 November 2021. Downloaded from http://drc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Epidemiology/Health services research

Table 1 Average annual percent changes (AAPCs) in incidence of and mortality due to T1DM and T2DM, 1990–2019
Age group
(year)

AAPC in incidence, % (95% CI)

AAPC in mortality, % (95% CI)

Males

Females

Males

Females

T1DM
 ASR

2.01 (1.78 to 2.23)*

1.7 (1.61 to 1.8)*

−1.96 (−2.22 to −1.71)*

−4.02 (−4.48 to −3.57)*

 <5

0.91 (0.59 to 1.22)*

0.24 (−0.14 to 0.62)

−5.8 (−6.15 to −5.45)*

−7.27 (−7.75 to −6.8)*

 5–9

0.78 (0.51 to 1.06)*

0.65 (0.35 to 0.95)*

−3.73 (−4.07 to −3.38)*

−5.41 (−6.14 to −4.69)*

 10–14

1.24 (1.05 to 1.43)*

1.56 (1.43 to 1.68)*

−3 (−3.3 to −2.7)*

−4.63 (−5.28 to −3.97)*

 15–19

2.28 (1.83 to 2.73)*

3.03 (2.64 to 3.42)*

−2.9 (−3.23 to −2.57)*

−3.62 (−4.08 to −3.15)*

 20–24

3.16 (2.65 to 3.68)*

3.67 (3.2 to 4.14)*

−1.81 (−2.19 to −1.42)*

−3.39 (−4.03 to −2.76)*

 25–29

3.29 (2.8 to 3.77)*

3.39 (3 to 3.78)*

−0.85 (−1.04 to −0.67)*

−4.19 (−5.2 to −3.18)*

 30–34

3.07 (2.58 to 3.56)*

2.81 (2.47 to 3.16)*

−1.29 (−1.58 to −1)*

−4.72 (−5.63 to −3.8)*

 35–39

3 (2.54 to 3.47)*

2.64 (2.32 to 2.97)*

−1.57 (−1.91 to −1.23)*

−4.37 (−4.92 to −3.82)*

 40–44

2.88 (2.44 to 3.31)*

2.45 (2.14 to 2.77)*

−1.66 (−1.93 to −1.39)*

−4.13 (−4.57 to −3.69)*

 45–49

2.72 (2.34 to 3.09)*

2.19 (1.9 to 2.49)*

−1.72 (−1.98 to −1.45)*

−5.06 (−5.76 to −4.37)*

 50–54

2.66 (2.34 to 2.98)*

2.08 (1.8 to 2.35)*

−2.25 (−2.58 to −1.92)*

−4.75 (−5.28 to −4.23)*

 55–59

2.72 (2.42 to 3.02)*

2.2 (1.94 to 2.47)*

−2.5 (−2.91 to −2.09)*

−4.32 (−4.78 to −3.86)*

 60–64

2.83 (2.57 to 3.1)*

2.37 (2.09 to 2.65)*

−1.84 (−2.13 to −1.56)*

−4.09 (−4.42 to −3.76)*

 65–69

2.96 (2.71 to 3.21)*

2.57 (2.26 to 2.87)*

−1.85 (−2.22 to −1.48)*

−3.5 (−3.97 to −3.04)*

 ≥70

3.13 (2.86 to 3.4)*

2.76 (2.4 to 3.11)*

−1.27 (−1.55 to −0.99)*

−2.42 (−2.87 to −1.97)*

 ASR

0.81 (0.62 to 0.99)*

0.37 (0.16 to 0.58)*

1.06 (0.87 to 1.25)*

−0.24 (−0.54 to 0.07)

 15–19

4.46 (3.62 to 5.31)*

3.59 (2.79 to 4.4)*

−2.31 (−2.77 to −1.85)*

−1.71 (−2.18 to −1.23)*

 20–24

3.57 (3.03 to 4.11)*

2.78 (2.27 to 3.29)*

−0.48 (−0.88 to −0.09)*

−2 (−2.69 to −1.31)*

 25–29

1.79 (1.49 to 2.1)*

0.92 (0.73 to 1.11)*

0.82 (0.63 to 1.01)*

−2.36 (−3.25 to −1.46)*

 30–34

1.3 (1.01 to 1.58)*

0.36 (0.17 to 0.56)*

0 (−0.36 to 0.36)

−2.52 (−3.28 to −1.77)*

 35–39

1.31 (1.03 to 1.58)*

0.37 (0.19 to 0.54)*

−0.41 (−0.85 to 0.04)

−2.3 (−2.78 to −1.82)*

 40–44

0.6 (0.36 to 0.84)*

0.02 (−0.14 to 0.18)

−0.15 (−0.48 to 0.18)

−2.01 (−2.37 to −1.65)*

 45–49

−0.36 (−0.71 to −0.01)* −0.25 (−0.41 to −0.09)*

−0.05 (−0.32 to 0.22)

−3.21 (−3.83 to −2.59)*

 50–54

−0.63 (−1.05 to −0.21)* −0.27 (−0.51 to −0.02)*

−0.26 (−0.52 to 0)

−2.75 (−3.31 to −2.2)*

 55–59

−0.4 (−0.85 to 0.06)

−0.41 (−0.67 to −0.16)*

−2.21 (−2.78 to −1.65)*

 60–64

−0.15 (−0.67 to 0.38)

0 (−0.51 to 0.51)

0.27 (0.09 to 0.45)*

−1.78 (−2.09 to −1.47)*

 65–69
 ≥70

0.02 (−0.64 to 0.67)
0.33 (−0.15 to 0.82)

0.41 (−0.08 to 0.9)
0.04 (−0.37 to 0.44)

0.27 (0.02 to 0.52)*
1.62 (1.41 to 1.82)*

−0.99 (−1.35 to −0.63)*
0.8 (0.5 to 1.09)*

T2DM

−0.18 (−0.62 to 0.26)

*Indicates a p value<0.05.
ASR, age-standardized rate.

effects, the net age effect on T1DM showed that the RR of
incidence significantly increased among the 5–9, 10–14,
15–19, and 20–24 age groups in males and the 5–9 and
10–14 age groups in females; the RR of mortality significantly increased among the 40–44 age group in males and
the 65–69 age group in females (online supplemental
table 3). For T2DM, the RR of incidence significantly
increased with advancing age (from 15 to 19 to 45–49
in males and from 15 to 19 to 50–54 in females) but
slightly decreased in the older age groups. A significantly
increased RR of mortality was observed in the 50-year-old
and older groups among both males and females (online
supplemental table 3).
4

During the period of observation, the RR of T1DM
incidence increased, and the RR of T1DM mortality
decreased over time among both males and females, but
the changes were nonsignificant. For T2DM, the RR of
incidence significantly increased over time; the highest
RRs were observed in 2014 among both males and
females. However, the RR of T2DM mortality increased
over time, but the change was nonsignificant.
No significant RRs of T1DM incidence and mortality
were observed among either males or females for the
birth cohort effect. The cohort effect showed that the
T2DM incidence risk significantly increased from the
1920–1924 to 1945–1949 birth cohort in both males and
BMJ Open Diab Res Care 2021;9:e002529. doi:10.1136/bmjdrc-2021-002529
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Figure 2

Relative risks of T1DM and T2DM incidence in China from 1990 to 2019 due to age, period, and cohort effects.

females and from the 1990–1994 to 1995–1999 birth
cohort in males; the mortality risk significantly increased
from the 1920–1924 to 1940–1944 birth cohort in both
males and females and in the 1945–1949 birth cohort in
females.
Decomposition method
Using 1990 as the baseline, the increase in the number of
T1DM and T2DM deaths attributed to population aging
and population growth increased gradually from 1991
BMJ Open Diab Res Care 2021;9:e002529. doi:10.1136/bmjdrc-2021-002529

to 2019 among both males and females (figure 3 and
online supplemental table 4). Between 1990 and 2019,
the change in the mortality rate was associated with a
decreased number of deaths due to T1DM in both males
and females and T2DM in females, while it was associated with an increased number of deaths due to T2DM
in males.
The proportion of deaths attributed to population
change increased steadily between 1991 and 2019 for
5
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Figure 3 Changes in the number of T1DM-related and T2DM-related deaths associated with population aging, population
growth, and changes in mortality rates from 1990 to 2019. Note: The decomposition was conducted using the number of
deaths in 1990 as the reference for each year.

T1DM and T2DM among both males and females
(figure 4). The attributed proportion increased more
sharply in the T2DM group than in the T1DM group.
These patterns were similar in both males and females.
The attributed proportions among males were 18.85%
for T1DM and 148.21% for T2DM between 1990 and

Figure 4 Proportions of T1DM and T2DM deaths
associated with population aging by sex, 1990–2019. Note:
The decomposition analysis was conducted using the
number of deaths in 1990 as the reference. The attributed
proportion of deaths was calculated as the number of deaths
attributed to population aging divided by total deaths in
1990×100%.

6

2019 (figure 4). The corresponding numbers for females
were 29.80% and 118.82%, respectively (figure 4).
DISCUSSION
The present study used longitudinal data from the GBD
2019 to investigate secular incidence and mortality
trends, the age–period–cohort effect, and the population aging effect on T1DM and T2DM mortality in China
from 1990 to 2019. Mortality due to T1DM decreased in
males and females, and mortality due to T2DM increased
in males, while the T1DM and T2DM incidence increased
in both males and females during the last three decades
in China. This study provides a comprehensive estimate
of the health impact of population aging, which might
be associated with an increase of 86,000 deaths due to
diabetes between 1990 and 2019. T2DM accounted for
the largest number of deaths attributed to increases in
population age among both males and females. In addition, the increase in deaths related to population aging
between 1990 and 2019 was outweighed by the decrease
in deaths attributed to mortality reduction in T1DM
among both males and females.
This study found that the incidence of T1DM and T2DM
has continued to increase in both males and females.
Over the past three decades, Chinese society has experienced rapid development, and changes in population
structures and lifestyles have had significant impacts on
public health.12 Although the burden of communicable
BMJ Open Diab Res Care 2021;9:e002529. doi:10.1136/bmjdrc-2021-002529
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diseases is declining rapidly, the burden of noncommunicable diseases, such as diabetes, is steadily increasing
due to individual behaviors and practices. A previous
study found that mortality rates due to diabetes in all
age groups had increased in China.4 This is inconsistent with our results; the difference may be explained by
undistinguished diabetes type or sex or different observation period durations. In the current study, the reduction in diabetes may be due to policies such as Healthy
China 2030, and long-term plans for the prevention and
treatment of chronic diseases (2017–2025) have been
established. The continued increase in T2DM-
related
mortality in males is worthy of attention. Men’s health
outcomes are generally poorer than women’s, mainly
because women are more responsive to health information and are better at seeking healthcare and practicing
primary prevention than men.13
The current study also found that the incidence of
T2DM has increased rapidly among the young population. Unlike that in the Western population, diabetes
in China has been characterized by rapid increases in
recent years, with relatively early disease onset and low
rates of diabetes awareness and treatment. Compared
with the Western population, the prevalence of diabetes
in adults has increased rapidly in China in recent years,
with an earlier onset and lower rates of awareness and
treatment.14 In addition, a recent cohort study found
that a younger age at onset of diabetes was significantly
associated with a higher risk of subsequent dementia.15
Another prospective cohort study found that the risk of
coronary heart disease in young women with new-onset
diabetes was increased tenfold.16 Thus, health education
and interventions targeting diabetes need to be implemented among young individuals in China.
The age effect on the incidence of T1DM was concentrated in children aged 5–14 years, while the risk of T2DM
was concentrated in adults aged 45–54 years, consistent
with previous studies.3 The effect of age on mortality due
to T2DM significantly increased after 50 years of age in
both males and females, and China’s aging population
may exacerbate this situation.17 Previous studies have
shown that compared with younger patients, elderly
patients with diabetes have a higher risk of diabetes-
associated mortality, and diabetic complications are
more common in elderly individuals.18 All these factors
may affect the net age effect on T2DM mortality, which
substantially increased with increasing age.
The period effect is usually influenced by a complex
set of historical events and environmental factors. This
study reported that the incidence of T2DM significantly
increased since 2004. Our findings were consistent with
many studies on the increasing prevalence of diabetes in
China over the past decades.1 2 A high-energy/high-fat
diet and sedentary behavior are reported to be the main
causes of the expanding diabetes epidemic in China.19
The trend of the incidence of diabetes attributable
to a high body mass index from 1990 to 2017 was also
reported in a previous study.5 The obesity epidemic
BMJ Open Diab Res Care 2021;9:e002529. doi:10.1136/bmjdrc-2021-002529

could also be attributed to the increasing incidence of
diabetes in China in the past 30 years. The increase in
the incidence may also be partially explained by the
new diagnostic criteria, with reduced cut-off points for
blood glucose and the addition of glycated hemoglobin.
However, it is worth noting that the period effects on the
T1DM incidence and T1DM and T2DM mortality were
nonsignificant in both males and females.
The birth cohort effect reflects the characteristics of
each generation and considers risk factors and exposures
to environmental factors present in early life. The cohort
effect on the incidence of and mortality due to T2DM
led to a significantly increased risk in the earlier birth
cohorts. The possible reason is that the later birth cohorts
received better education and had a greater awareness
of health and disease prevention than the earlier birth
cohorts.20 Notably, the RR of T2DM incidence was significantly increased in the 1990–1994 to 1995–1999 birth
cohorts among males. Some studies have reported that
chemical exposure and environmental pollutants are
associated with an increased risk of diabetes mellitus.21 22
China underwent rapid industrialization in the 1990s,
and the 1990–1994 to 1995–1999 birth cohorts might
have had a higher risk of diabetes due to increased exposures to chemicals and highly accessible ultra-processed
foods.
Previous studies have reported that population aging
is associated with increased numbers of deaths from ischemic heart disease, chronic kidney disease, and cardiovascular disease worldwide, similar to diabetes in China in
this study.11 23 In addition, we assessed the extent to which
changes in the mortality rate reduced or increased the
number of deaths associated with population aging and
explored the importance of preventive efforts to reduce
age-
specific mortality. The increase in T1DM-
related
deaths related to population aging was outweighed by
the decrease in deaths attributed to mortality rate reductions between 1990 and 2019. Such results may reflect the
success of the initiation of disease prevention and health
promotion efforts. Notably, the change in the mortality
rate was associated with an increase in the number of
deaths due to T2DM among males despite being associated with a decrease in the number of deaths among
females. This study provides valuable data and insights
for guiding health policy-
making and health system
reform in China.
However, a number of important limitations should
also be noted. First, as the data for this study were derived
from the GBD 2019, all the general limitations ascribed
to that study’s methodologies also apply here.7 Second,
our study has an ecological fallacy and unique limitations
associated with the age–period–cohort model (including
the identifiability problem and uncertainty principle).
Several potential cofounders, such as the impact of
obesity and the increase in metabolic comorbidities
during the same time period, should be considered when
evaluating the effect of the age–period–cohort analysis.
Third, the decomposition method used in this study
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considers only population growth, population aging, and
change in mortality and thus ignores any heterogeneity
in other factors related to changes in total mortality.
Population aging can be caused by decreasing fertility
and by increasing life expectancy.11 The increased access
to medical services may prolong the survival of patients
with diabetes. In addition, diagnosis at younger ages may
play a role as a confounding variable. The method used
in this study does not explore these mechanisms of population aging. Thus, the results need to be interpreted
with caution.
CONCLUSIONS
This study showed that mortality due to T1DM decreased
in males and females, while mortality due to T2DM
increased in males. The incidence of T1DM and T2DM
increased from 1990 to 2019. Younger individuals had
the largest annual percent increases in the incidence
of T1DM and T2DM. Thus, timely programs aiming
to reduce the potential burden on youth should be
conducted. Population aging has likely driven the
continued increases in total deaths due to T2DM during
the last three decades. To respond to the increase in the
number of deaths related to population aging in T2DM,
policymakers should invest in aging-
related health
research and implement proven, cost-effective interventions targeting T2DM.
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