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Comparative diabetes mellitus
burden trends across global,
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populations using GBD 2021
database
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Diabetic mellitus (DM) poses a significant challenge and stress to global health, comparing the
burden of disease in the world’s three most populous countries while projecting changes in trends

in age-standardized rate (ASR) -deaths and disability adjusted life years (DALYs) up to 2050. Using
GBD2021 data, we examined DM trends in China, US, India and globally for 1990-2021, and projected
deaths and DALYs for DM (types 1 and 2) for 2022-2050 using Bayesian age-period-cohort (BAPC)
model. It was found that the ASR-DALYs and deaths for TIDM are trending downward globally, while
those for T2DM are trending upward. In terms of gender differences, the burden of TIDM by gender
was insignificant, whereas the burden of disease was significantly higher in men with T2DM than in
women. The burden of disease for TLDM peaks around the ages of 40-44 years, while the burden of
disease for T2DM peaks at 65-69 years. Population growth and ageing are major factors influencing
the disease burden of diabetes. The projection of ASR-deaths and DALYs globally for 2022-2050
showed a decreasing trend in TIDM and an increasing trend in T2DM (especially in China and India). The
increasing burden of T2DM disease globally and in three countries by 2050 should be taken seriously.
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Diabetes mellitus (DM) is a chronic disease in which the body does not produce enough insulin or fails to respond
normally to insulin, resulting in abnormally high blood glucose levels. According to the latest epidemiologic
findings"?, the global prevalence of type 2 diabetes mellitus (T2DM) increased by more than 1.5% annually
from 2000 to 2019, and in 2019 alone, diabetes mellitus caused 2 million deaths worldwide. Long-term chronic
elevation of blood glucose can involve microangiopathy (e.g., retinopathy, nephropathy, and neuropathy) and
macrovascular disease (e.g., cardiovascular disease), resulting in complications such as blindness, end-stage renal
disease, stroke, and heart disease®*. It is evident that DM and its associated complications impose substantial
economic and psychological burdens on society and families, emerging as a significant social issue that poses a
serious threat to public health globally. In addition, DM presents significant differences in different countries.
For example, the prevalence of diabetes is increasing at a faster rate in low- and middle-income countries, while
their total health expenditures are more than 300 times lower than those of high-income countries™®. This
unequal distribution highlights the urgency of conducting cross-country comparative studies.

The latest 2021 Global Burden of Disease (GBD), Injury, and Risk Factors study, released on May 16, 2024 by
the University of Washington’s Institute for Health Metric and Evaluation (IHME), comprehensively evaluates
the global impact of various health problems over the last three decades, providing information on disease
mortality and disability rates, as well as the impact of risk factors on disease. This will help us to understand the
major causes of disease deaths and disabilities so that we can target designation and improvement programs.

Although previous GBD studies have provided comprehensive assessments of the burden of disease
in diabetes’, in-depth comparative analyses of major populous countries, as well as in-depth exploration of
differentiating characteristics and influencing factors in different socio-cultural contexts, are lacking. This study
aims to fill these knowledge gaps and provide a more comprehensive assessment of the burden of DMIn this study,
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China, the United States and India were selected for in-depth comparison, which not only account for nearly
40% of the world’s total population, but more importantly, the three countries have different social backgrounds.
Comparative analysis of them could reveal the epidemiological characteristics of diabetes in different economic
levels, cultural backgrounds, lifestyles and healthcare systems.

The specific aims of this study were: (1) to quantify trends in mortality and disability-adjusted life years
(DALYs) for T1 and T2DM globally and in China, the United States, and India from 1990 to 2021; (2) to analyze
differences in the burden of DM in 2021 by gender and age group; (3) to identify the main factors influencing
changes in the burden of DM (population growth, population ageing and changes in disease epidemiology) and
their relative contributions; (4) to assess the extent of diabetes health inequalities in regions with different levels
of socio-demographic index (SDI); and (5) to project the global disease burden of DM in 2050 based on 30 years
of historical data. This will identify the unique challenges faced by each country, providing valuable insights for
the formulation of a global health strategy for the prevention and treatment of DM. Simultaneously, this will help
guide the allocation of rehabilitation resources and the development of multidisciplinary models of diabetes care
in countries with different social backgrounds and demographic distributions, as well as the precise control and
whole-life management of DM.

Methods

Data download

The latest GBD 2021 study provides comprehensive estimates of risk exposure and risk-induced health loss
between 1990 and 2021 for 204 countries and regions in the world. We obtained data on the incidence and
mortality rates of diabetes mellitus TIDM and T2DM, including age-standardized values, in accordance with the
guidelines provided in the GBD 2021 report (http://ghdx.healthdata.org/gbd-results-tool). To further analyze
the distribution of diabetes by gender and age, we also acquired detailed demographic information. Additionally,
we selected both global data and data from the three most populous countries—China, the United States of
America, and India—to examine the trends in DM from 1990 to 2021.

Data analysis

Annual percentage change trends

The Joinpoint regression model is a segmented regression technique that leverages the temporal characteristics of
disease distribution. It partitions the study period into distinct intervals using a series of joinpoints, subsequently
fitting and optimizing the trend within each interval. This approach allows for a more detailed evaluation of
interval-specific disease changes on a global temporal scale. In this study, we employed the Joinpoint regression
model to identify inflection points in disease prevalence trends. We calculated the annual percent change
(APC) in prevalence rates between these inflection points, as well as the average annual percent change (AAPC)
for the entire age cohort. The AAPC, which is the weighted average of the APCs across segmented intervals,
encapsulates the overall trend in disease prevalence from 1990 to 2021. If we denote b, as the slope coefficient for
the i segment with i indexing the segments in the desired range of years, and w; as the length of each segment
in the range of years, then:

AAPC — {exp (Z wibi/z wi) - 1} % 100

ASR-deaths and ASR- dalys trends

In this study, we further investigated trends in T1DM and T2DM with Age-standardized rate (ASR)-Deaths
and ASR- DALYs using age-period-cohort (APC) interaction analysis. With this approach, we simultaneously
considered the effects of age, time period, and cohort on the burden of different types of diabetes. By analyzing
APC interactions, we gained more insight into the impact of different types of diabetes on changes in disease
burden and determined their relative importance in changes in overall burden.

Decomposition analysis

We decomposed the burden of disease into factors such as population age, population size, and epidemiologic
change, which was done to gain more insight into how different demographic and disease characteristics
contribute to the overall burden of disease. This allowed us to more accurately assess the impact of age structure,
demographic changes, and epidemiologic factors on disease burden. In addition, we provided a detailed
decomposition of epidemiologic changes to examine the impact of different types of diabetes on changes in
disease burden.

Health inequalities analysis

Health Inequality Analysis (HIA) is a statistical method used to assess differences in health status across
populations, focusing on understanding the relationship between factors such as socioeconomic status,
geographic location, gender and age and their impact on health outcomes. This study revealed the distribution
and trends of health inequalities in diabetes between 1990 and 2021 by using the absolute health inequity
indicator Slope Inequality Index (SII) and the relative health inequity indicator Concentration Index (CIX),
effectively quantifying the impact of socioeconomic factors on health status.
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DM burden projections

We used Bayesian age-period-cohort (BAPC) modeling to predict the burden of diabetes globally and in China,

India, and the United States from 2022 to 2050. The model not only better addresses noise and uncertainty in the

sample, but also can utilize other information known outside the sample to provide more reliable predictions®.
All data processing in this study was conducted using R.

Results

Global burden of DM

The global impact of DM in 2021 was substantial, with significant variations across countries in terms of mortality
and morbidity. As illustrated in Fig. 1A, the absolute number of deaths due to DM showed marked geographical
disparities. India bore the heaviest mortality burden, recording 331,308.49 deaths (95% CI: 292,022.58 to
370,529.43). This was followed by China, with 178,475.73 deaths (95% CI: 147,957.14 to 211,654.89), and the
United States, reporting 74,017.28 deaths (95% CI: 67,397.27 to 78,431.91). The distribution of DALY, depicted
in Fig. 1B, further emphasizes the health burden of diabetes. Consistent with mortality data, India led with
the highest burden of 13,665,849.42 DALYs (95% CI: 11,616,958.07 to 16,073,937.78). China followed closely
with 11,713,613.86 DALYs (95% CI: 9,046,221.56 to 15,013,009.95), while the United States ranked third with
5,074,680.65 DALY (95% CI: 4,019,748.94 to 6,326,281.43). These figures reflect the substantial impact of DM
on quality of life and productivity in these nations.

To account for demographic differences and enable more meaningful cross-country comparisons, we
analyzed ASR for both deaths and DALYs. Figure 1C illustrated the ASR-Deaths, revealing a nuanced picture of
DM mortality risk. India exhibited the highest rate of 31.12 deaths per 100,000 people (95% CI: 27.57 to 34.82),
significantly higher than the United States at 12.64 (95% CI: 11.64 to 13.33) and China at 8.98 (95% CI: 7.45 to
10.61). Similarly, Fig. 1D presented the ASR-DALYs, providing insights into the relative burden of diabetes-
related disability and premature mortality across populations. India again led with 1,102.82 DALYs per 100,000
people (95% CI: 944.62 to 1,289.58), followed by the United States at 959.49 (95% CI: 764.57 to 1,191.08), and
China at 585.43 (95% CI: 448.94 to 754.32). These findings highlight the disproportionate impact of DM on
quality of life and years of healthy life lost in India and the United States compared to China, despite China’s
larger population.

Distribution of DM subtypes

In the GBD database, DM is categorized into type 1 and type 2. According to data from 1990, T2DM accounted for
94.1% of deaths (632,321.96 cases, 95% UT: 596,870.01 to 662,081.61) worldwide, while type 1 diabetes mellitus
(T1DM) accounted for only 5.9% (39,699.81 cases, 95% UI: 35,362.41 to 45,496.36). DALYs due to diabetes in
the same year showed a similar distribution, with 90.6% for T2DM and 9.4% for T1DM (2,573,014.44 cases,
95% UTI: 2,269,184.53 to 2,927,132.41). By 2021, the global distribution of DM deaths changes slightly compared
with 1990, with T2DM increasing to 97.1% (75,340,873.71 cases, 95% UL 63,483,094.23 to 90,254,281.75) and
T1DM decreasing to 2.9% (3,597,713.34 cases, 95% UL 3,037,759.10 to 4,249,993.60). Similarly, the distribution
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Fig. 1. Global distribution of DM burden in 2021. (A) Deaths-Number of DM. (B) DALYs-Number of DM.
(C) Deaths-ASR of DM. (D) DALYs-ASR of DM.
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Fig. 2. Distribution of different DM types. (A) Distribution of DM Deaths in 1990. (B) Distribution of DM
DALYs in 1990. (C) Distribution of DM Deaths in 2021. (D) Distribution of DM DALYs in 2021.

DALYs Deaths
Location Case AAPC (95% CI) Pvalue | AAPC (95% CI) Pvalue
T1DM | -0.41(-0.48 t0 0.34) | <0.001 | -1.1(-1.2to -1.01) <0.001
Global T2DM | 1.16(1.09 to 1.22) <0.001 | 0.31(0.21 to 0.42) <0.001
. T1DM | -2.56(-2.74 to -2.38) | <0.001 | -2.62(-2.94 to -2.29) | <0.001
China T2DM | 0.88(0.77 to 0.99) <0.001 |-0.16(-0.34 t0 0.02) | 0.074
India T1DM | -0.71(-0.9 to 0.52) <0.001 | -0.86(-1.15to -0.57) | <0.001

T2DM | 1.28(1.06 to 1.51) <0.001 | 1.07(0.35to 1.8) 0.003

T1DM | 0.17(-0.03 to 0.36) 0.095 -0.39(-0.7 to -0.08) | 0.013
T2DM | 1.53(1.41 to 1.66) <0.001 | -0.62(-0.89 to -0.35) | <0.001

United States of America

Table 1. The AAPC of dalys and deaths due to TIDM and T2DM in global, China, India, and the united States
from 1990 to 2021.

of DALYs changed in 2021, with T2DM increasing to 95.4% (1,608,123.22 cases, 95% UI: 1,493,437.70 to
1,708,293.64) and T1DM decreasing to 4.6% (48,511.30 cases, 95% UL: 43,623.65 to 53,957.72, Fig. 2).

Additionally, we conducted an analysis of the proportion of diabetes subtypes contributing to DALYs and
deaths in China, India, and the United States in both 1990 and 2021. In China, the proportion of T2DM increased
from 92.1% in 1990 to 97.8% in 2021 for deaths, and from 92.3 to 97.9% for DALYs. Conversely, the proportion
of T1DM decreased from 7.9 to 2.2% for deaths, and from 7.7 to 2.1% for DALYs. Similar trends were observed
in India, where between 1990 and 2021, deaths from T2DM increased from 92.4 to 96.7%, DALYs from 89.1 to
95.2%. And T1DM deaths declined from 7.6 to 3.3%, and DALYs decreased from 10.9 to 4.8%. The United States
showed a less pronounced shift, with T2DM increasing from 94.4% in 1990 to 95.5% in 2021 for deaths, and
from 89.7 to 94.5% for DALYs. T1DM decreased from 5.6 to 4.5% for deaths, and from 10.3 to 5.5% for DALYs.

To elucidate the temporal trends in DM burden, we conducted an AAPC analysis for both TIDM and T2DM
from 1990 to 2021. A consistent decreasing trend was observed for both DALYs (AAPC: -0.41, 95% CI: -0.48 to
-0.34, p<0.001) and deaths (AAPC: -1.1, 95% CI: -1.2 to -1.01, p <0.001) of TIDM in global. In contrast, T2DM
showed an increasing trend in both DALYs (AAPC: 1.16, 95% CI: 1.09 to 1.22, p<0.001) and deaths (AAPC:
0.31, 95% CI: 0.21 to 0.42, p<0.001).

In China, we observed a marked decline in the burden of TIDM over the study period (Table 1). The AAPC
for TIDM-related DALYs was —2.56 (95% CI: -2.74 to -2.38, p<0.001), while the AAPC for T1DM-related
deaths was —2.62 (95% CI: -2.94 to -2.29, p<0.001). We observed a slight but significant increase in T2DM-
related DALYs (AAPC: 0.88, 95% CI: 0.77 to 0.99, p<0.001), indicating a growing disease burden. However,
T2DM-related deaths showed a non-significant decrease (AAPC: -0.16, 95% CI: -0.34 to 0.02, p=0.074). India
demonstrated a different pattern compared to China. While TIDM burden also decreased in India, the decline
was less pronounced. The AAPC for TIDM-related DALYs was —0.71 (95% CI: -0.91 to -0.52, p <0.001), and for
T1DM-related deaths, it was —0.86 (95% CI: -1.15 to -0.57, p<0.001). The AAPC for T2DM-related DALY's was
1.28 (95% CI: 1.06 to 1.51, p<0.001), and for T2DM-related deaths, it was 1.07 (95% CI: 0.35 to 1.8, p=0.003).
The United States exhibited a unique and complex pattern of diabetes trends. For T1DM, we observed a non-
significant increase in DALYs (AAPC: 0.17, 95% CI: -0.03 to 0.36, p=0.095) coupled with a significant decrease
in deaths (AAPC: -0.39, 95% CI: -0.7 to -0.08, p=0.013). We found a significant increase in T2DM-related
DALYs (AAPC: 1.53, 95% CI: 1.41 to 1.66, p <0.001), indicating a rising disease burden.
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Joinpoint regression analysis of TLDM and T2DM trends

We employed Joinpoint regression analysis to identify significant changes in the temporal trends of T1DM and
T2DM burden. This statistical method allows for precise quantification of disease trend changes, identification
of turning points, and calculation of the AAPC over the entire study period (Fig. 3). The ASR-Deaths for TIDM
exhibited a significant decreasing trend globally, with an AAPC of -1.1. The rates decreased steadily from 1995
onwards, with the most significant decrease being observed between 2003 and 2011 (APC = -2.05). The ASR-
DALYs related to TIDM showed a similar pattern to ASR-Deaths (AAPC = -1.04). Global rates decreased
steadily, with the most significant decrease occurring between 2004 and 2012 (APC = -1.03). Global ASR-Deaths
of T2DM increased until 2003, then declined slightly (AAPC = -1.1). DALYs for T2DM increased across all
regions, but with varying magnitudes (AAPC=1.16).

Specifically, China showed remarkable progress in managing T1DM, achieving the largest overall reduction
in ASR-Deaths (AAPC = -2.62), with a particularly rapid reduction occurring between 2004 and 2007 (APC
= -6.88). For the TIDM ASR-DALYs, China demonstrated the most significant overall improvement (AAPC
= -1.86), especially from 2003 to 2006 (APC = -5.05). For T2DM, China presented a mixed picture. While the
ASR-Deaths showed a slight decreasing trend (AAPC: -0.2), the ASR-DALYs exhibited a minor increase (AAPC:
0.9). India’s TIDM trends, while positive, were less pronounced compared to China. Both ASR-Deaths and
ASR-DALYs for TIDM showed decreasing trends (AAPC: -0.86 and —0.71, respectively), indicating gradual
improvements in TIDM outcomes. However, India faced significant challenges with T2DM, with significant
increases in ASR-Deaths and ASR-DALYs (AAPC: 1.07 and 1.28, respectively), particularly for ASR-DALYs in
the 2005-2014 timeframe (APC=2.64). The United States presented a unique and complex pattern of diabetes
trends. For T1DM, there was a slight decrease in the death rate (AAPC: -0.39), but a marginal increase in ASR-
DALYs (AAPC: 0.17). Contrary to global trends, the T2DM ASR-Deaths showed a decreasing trend (AAPC:
-0.62). However, the United States experienced a significant increase in ASR-DALYs (AAPC: 1.53), which was
the highest of the four countries analyzed.

Age and gender distribution of DM burden

This study presented a comprehensive analysis of the disparities in diabetes burden, quantified through DALYs
and deaths, across age groups and genders. Our findings revealed a distinctive age-related distribution of TIDM
burden globally. The impact of TIDM, as measured by both DALY's and deaths, demonstrated a peak in younger
age groups, with the highest burden observed in the 40-44 years age bracket (Fig. 4A-B). Following this peak,
there was a gradual decline in burden with increasing age. Gender disparities in TIDM burden were notable,
with males generally experiencing a higher burden compared to females across most age groups. In contrast to
T1DM, T2DM exhibited a markedly different age-related pattern (Fig. 4C-D). Globally, both DALYs and deaths
attributable to T2DM showed a consistent increase with age, reaching a peak in the 65-69 years age group,
followed by a gradual decline in older age groups. Gender differences in T2DM burden were apparent. While
the age-related trend was similar for both genders, females tend to reach peak burden slightly later than males,
typically in the 70-74 years age group. Moreover, the magnitude of T2DM burden, in terms of both DALYs and
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by T2DM. (D) DALYs caused by T2DM.

deaths, was generally lower in females compared to males, with this disparity being particularly pronounced in
middle-age groups.

In terms of age distribution, all three countries closely mirrored the global trend for T1IDM, with peak
burden occurring around the 40-44 years age group. However, notable variations in the magnitude of burden
were observed across countries. In particular, India demonstrated a higher T1DM burden in younger age groups
compared to China and the United States. For T2DM, the age distribution patterns in China, the United States,
and India generally aligned with the global trend. All three countries exhibited peak T2DM burden in the 65-74
years age range, with a slight delay in peak age for females compared to males.

Age-period-cohort analysis

Our age-cohort analyses showed a general decline in T1DM deaths with decreasing cohort age. This trend was
particularly evident worldwide and in China. However, the United States and India were an exception, with an
upward trend in Deaths- ASR within the same age cohort. For DALYs-ASR, we observed an arching pattern, with
the burden peaking in different regions for different cohorts. Globally and in China, shifts in each age cohort
were associated with linear downward trends. The pattern was more complex in India and the United States,
where there were clear fluctuations between upward and downward trends in different cohorts (Fig. 5A).

The age-period analysis indicated that TIDM Deaths-ASR increased with age across all studied regions
and periods. However, the rate of increase and absolute values varied among regions, with the United States
consistently showing higher overall rates. DALYs-ASR exhibited an arch-shaped pattern across all regions,
peaking in the middle-age range (approximately 40-44 years). While global and Chinese data showed a gradual
decrease in peak DALYs-ASR over time, the United States demonstrated a slight increase in recent periods.
India’s pattern was less distinct, showing fluctuations across periods (Fig. 5B).

Within the same period, TIDM Deaths-ASR gradually decreased with cohort progression across all regions.
However, within-cohort trends varied by region: increasing in the United States, relatively stable globally and in
India, and decreasing in China. DALYs-ASR showed an arch-shaped variation within period curves as cohorts
progressed, particularly evident in global and US data. The relationship between DALYs-ASR and period within
cohorts was complex, with some cohorts experiencing increases and others decreases. China generally showed
a decreasing trend across periods for most cohorts, while India and the US exhibited more varied patterns
(Fig. 5C).

For T2DM, a decrease in cohort age was associated with a consistent decrease in Deaths-ASR globally, in
China, in the United States and in India. However, there were large differences within the age group > 85 years,
as evidenced by a mountainous trend in Deaths-ASR in the US and China, and a decreasing trend followed by a
sharp increase in India. Overall mortality was consistently higher in the United States, especially in the older age
groups (Fig. 6A). DALYs-ASR also increased with age, but more gradually compared to Deaths-ASR. Globally,
this increase was steady across all age groups. China uniquely showed a slight decline in the oldest age groups
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Fig. 5. The APC analyzes TIDM outcomes in deaths and DALYs. (A) Age-cohort analysis. (B) Age-period
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Fig. 6. The APC analyzes T2DM outcomes in deaths and DALYs. (A) Age-cohort analysis. (B) Age-period
analysis. (C) Period-cohort analysis.

after peaking around 75-79 years. The United States maintained higher DALYs-ASR across all age groups and
periods, while India demonstrated steady increases with age but at lower overall rates (Fig. 6B).

Within periods, T2DM Deaths-ASR gradually decreased with cohort progression across all regions. However,
within cohorts, T2DM Deaths-ASR generally increased over time, indicating an overall rise in T2DM mortality.
This trend was most prominent in the United States and least pronounced in China. DALYs-ASR showed a
generally decreasing trend with cohort progression within periods. Within cohorts, DALYs-ASR tended to
increase over time, particularly in global and US data. China exhibited a more complex pattern, suggesting
intricate interactions between cohort and period effects. India showed lower overall rates, but maintained the
general trend of declining rates for younger cohorts and increasing rates across periods (Fig. 6C).

Decomposition analysis
To elucidate the underlying factors contributing to changes in diabetes-related mortality and morbidity from
1990 to 2019, we conducted a comprehensive decomposition analysis. This analysis quantified the relative
contributions of population ageing, population growth, and epidemiological changes in both T1IDM and T2DM.
Our results revealed a substantia global increase of 919,068.36 DM-related deaths during this period
(Fig. 7A). Population growth emerged as the main driver, accounting for 53.6% of this increase, followed closely
by population ageing at 36.51%. Changes in T2DM epidemiology resulted in a 11.24% increase in death, while
changes in TIDM epidemiology were slightly less pronounced, resulting in a 1.34% decrease in mortality. In
terms of the global burden of disease, we observed an increase of 46,458,258.51 DALYs attributable to DM
(Fig. 7B). The pattern of factor contributing to DALYs was somewhat different from that for deaths. While
population growth remained the dominant factor, explaining 46.37% of the increase, epidemiological changes in
T2DM played a more significant role, accounting for 31.48% of the increase in DALYs.
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Fig. 7. Decomposition analysis results of DM-related deaths and DALYs. (A) Different decomposition factors
for DM Globally, in India, China, and the United States, by gender. (B) Different decomposition factors for
T1DM. (C) Different decomposition factors for T2DM.

In China, population ageing emerged as the predominant factor influencing both deaths and DALYs,
accounting for 78.4% and 46.46% of the increases, respectively. Interestingly, epidemiological changes in
both TIDM and T2DM had negative impacts on death rates in China. However, for DALY, epidemiological
changes in T2DM had a positive impact. The United States presented a unique pattern where both ageing and
population growth had substantial positive impacts on deaths, while epidemiological changes in both TIDM
and T2DM showed negative impacts. For DALY in the United State, T2DM epidemiological changes emerged
as the primary driver, followed by population growth and ageing, indicating a growing burden of T2DM-related
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Fig. 8. Visualization of SII and CIX results of deaths and DALY related to T1IDM and T2DM. (A) The SII
and CIX analysis of Deaths for TIDM. (B) The SII and CIX analysis of DALYs for TIDM. (C) The SIT and CIX
analysis of Deaths for T2DM. (D) The SII and CIX analysis of DALYs for T2DM.

complications and disability. In India, population growth was the dominant factor for both deaths and DALYs.
Epidemiological changes in T2DM also played a significant role, particularly in DALYs. Ageing had a moderate
impact on both outcomes, while TIDM epidemiological changes had minimal negative impacts (Fig. 7C-F).

Health inequality analysis for TADM and T2DM

To clarify the socioeconomic disparities in the burden of DM, we performed an exhaustive health inequality
analysis for TIDM and T2DM. Our study employed the SII and CIX methodologies to examine crude Death
rates and DALY rates across different levels of the Socio-Demographic Index (SDI) from 1990 to 2021.

The SII analysis for TIDM crude Death rates revealed a slight narrowing of the gap between the highest
(SDI=1) and lowest (SDI=0) SDI regions (Fig. 8A). The gap decreased from approximately 1 death per 100,000
in 1990 to about 0.8 deaths per 100,000 in 2021. Notably, the United States consistently showed higher rates than
expected for its SDI level in both years, while India had lower rates than expected. China’s position shifted from
lower-than-expected rates in 1990 to rates closer to the expected level for its SDI in 2021. The CIX for TIDM
deaths underwent a significant shift, moving from 0 (95% CI: -0.04 to 0.03) in 1990 to -0.08 (95% CI: -0.12 to
-0.04) in 2021. This transition indicates a growing burden in lower SDI regions over time, representing a reversal
of the socioeconomic gradient in TIDM mortality. For TIDM DALYs, the SII increased from approximately
9 DALYs per 100,000 in 1990 to about 11 DALYs per 100,000 in 2021 (Fig. 8B). Similar to the death rates, the
United States consistently exhibited higher DALY rates than expected, while China and India showed lower-than-
expected rates for their respective SDI levels. The CIX for TIDM DALYs remained relatively stable, changing
only slightly from —0.03 (95% CI: -0.06 to 0.01) in 1990 to -0.02 (95% CI: -0.06 to 0.01) in 2021. This suggests
that the socioeconomic distribution of TIDM DALYs did not significantly change over the study period, with a
slight tend towards a higher burden in lower SDI regions.

The results of SIT analysis for T2DM showed a significant increase inequality in crude death rates. The disparity
between the highest (SDI=1) and lowest (SDI=0) SDI regions widened from approximately 5 deaths per 100,000
individuals in 1990 to 10 deaths per 100,000 in 2021 (Fig. 8C). Notably, high SDI regions consistently had higher
death rates. India and China maintained lower-than-anticipated crude death rates for their SDI levels, whereas
the United States consistently showed higher than expected rates. The CIX for T2DM deaths demonstrated a
trend towards a more equitable distribution across SDI levels, with a decrease from 0.07 (95% CI: 0.02, 0.11) in
1990 to 0 (95% CI: -0.04, 0.04) in 2021. This suggests a shift towards a more balanced distribution of the T2DM
mortality burden across socioeconomic levels. With regard to the burden disease attributable to T2DM, there
was a notable increase in the gap between the most and least developed regions. The difference between the
highest and lowest SDI regions grew from 165 DALY per 100,000 in 1990 to 460 DALY per 100,000 in 2021
(Fig. 8D). The pattern of country-specific deviations mirrored that observed in mortality rates, with India and
China exhibiting lower-than-expected DALY rates and the United States showing higher-than-expected rates.
The CIX for T2DM DALYs demonstrated a slightly increase from 0.06 (95% CI: 0.03, 0.1) in 1990 to 0.07 (95%
CI: 0.04, 0.1) in 2021, indicating a persistent and slightly growing burden in higher SDI regions.

Future projections of DM burden

Based on the results of the global DM disease burden from 1980 to 2021, the BAPC model was used to predict
the changes in DM disease burden from 2022 to 2050 globally and in China, the United States, and India (Fig. 9).
The BAPC model projections indicated a continuing decline in the global burden of TIDM. The ASR for both
Deaths and DALYs was expected to decrease steadily, albeit gradually. In stark contrast to TIDM, T2DM
projections revealed a concerning upward trajectory. The model forecasts increased in both ASR-Deaths and
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Fig. 9. Predictions of DM burden using the BAPC forecasting model for global, China, United States, and
India (up to 2050). (A) BAPC model predicted TIDM ASR-Deaths. (B) BAPC model predicted TIDM ASR-
DALYs. (C) BAPC model predicted T2DM ASR-Deaths. (D) BAPC model predicted T2DM ASR-DALYs.)

ASR-DALYs globally, indicating a growing burden of T2DM on population health. By 2050, the number of
globally T1IDM deaths would be 51,837 cases (6.7% increase from 2021), and the number of T2DM deaths would
reach 3,676,447 cases (128.6% increase from 2021).

Of the countries analyzed, the United States had the least optimistic projections for TIDM. The model
predicted significantly higher ASR-deaths and ASR-DALYs for T1IDM than for the global and the other two
countries, especially for males. In the case of T2DM, while the burden of disease in the United States was
projected to remain on an upward trend, it was relatively modest compared to other regions. Between 1990 and
2021, the burden of disease for T1IDM in China showed a sharp downward trend, and these would be expected
to continue to improve by 2050. China’s ASR-DALYs for T2DM were projected to be on the rise, especially with
a sharp increase after 2037, which required our attention. India’s projections presented a complex picture. For
T1DM, a downward trend in ASR-deaths and DALYs was projected for India. T2DM in India had the most
worrisome projections, with the most rapid increase in disease burden and substantial increases in both ASR-
deaths and ASR-DALYs, which were significantly higher than globally and in the other two countries. Among the
regions analyzed, rates of ASR-deaths and ASR-DALY's were consistently higher in males with TIDM compared
to females. Although the gender gap in T2DM was less pronounced than in T1DM, the number of male deaths
was still expected to be slightly higher than that of females in most regions.

Age-specific projections of diabetes burden

This investigation employed a BAPC forecasting model to conduct predictive analyses for age-specific cohorts
affected by TIDM and T2DM. The analysis focused on the 35-54 age group for TIDM and the 60-84 age group
for T2DM, projecting trends up to 2050. Analyses of T1IDM patients in the 35-54 age group revealed disparate
patterns across regions with regard to ASR and absolute numbers (Fig. 10A, B). A decline was observed in both
deaths-ASR and DALYs-ASR on a global scale. This decline was more pronounced in females than in males in
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Fig. 10. Prediction of Deaths-ASR and DALYs-ASR for specific age-cohorts affected by DM globally, in China,
the US, and India. (A) Predictions of TIDM-related Deaths-ASR in the 35-54 age group for global, US, China,
and India. (B) Predictions of T1IDM-related DALYs-ASR in the 35-54 age group for global, US, China, and
India. (C) Predictions of T2DM-related Deaths-ASR in the 60-84 age group for global, US, China, and India.
(D) Predictions of T2DM-related DALYs-ASR in the 60-84 age group for global, US, China, and India.

terms of DALYs. However, this global trend was not reflected uniformly across all regions under study. In the
United States, contrary to the global pattern, both Deaths-ASR and DALYs-ASR exhibited an upward trajectory.
This increase was particularly evident among males, suggesting a growing burden of T1IDM in this demographic
within the U.S. China, on the other hand, demonstrated a steep decline in both Deaths-ASR and DALYs-ASR
up to 2021. However, our projections indicate a slight increase or stabilization for both genders beyond 2021,
marking a potential shift in the country’s TIDM burden. India’s projections aligned more closely with the global
trend, showing a gradual decline in both Deaths-ASR and DALYs-ASR, which is expected to continue into the
future. When examining the relationship between ASR and absolute numbers, we uncovered several divergent
trends.

Globally, while death numbers showed an overall decreasing trend, DALYs numbers slightly increased, likely
attributable to population growth. The United States stood out with projections indicating increases in both ASR
and absolute numbers for deaths and DALYs, with a more pronounced rise among males. China’s projections
revealed a complex pattern. Following an initial decline, absolute DALYs numbers are expected to increase,
particularly in the 40-44 and 45-49 age groups. Conversely, death numbers in China showed a steep decline,

Scientific Reports|  (2025) 15:11955 | https://doi.org/10.1038/s41598-025-96175-4 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

which is projected to stabilize in the future. India presented another nuanced scenario where, despite declining
ASR, absolute death numbers are projected to increase, particularly in the 40-44 and 45-49 age groups. Indian
DALYs exhibited a complex pattern with a slight increase in absolute numbers despite declining ASR, especially
noticeable in the 40-44 age group.

Analysis of T2DM in the 60-84 age group revealed varying trends across different regions (Fig. 10C, D).
Globally, both Deaths-ASR and DALY s- ASR demonstrated a relatively stable trend with a slight increase projected
for both genders. However, this global trend was not uniformly reflected in the country analyses. In the United
States, we observed a declining trend in both Deaths-ASR and DALYs-ASR until 2021. However, our projections
indicate a reversal of this trend beyond 2021, with an upward trajectory that is particularly pronounced among
males. This shift suggests a potential resurgence of T2DM burden in the elderly U.S. population in the coming
years. China’s projections for T2DM revealed a more complex pattern. Deaths-ASR showed a stable trend up to
2021, followed by a projected slight increase for both genders. The DALYs-ASR in China demonstrated a stable
trend up to 2021, after which we project a slight decrease followed by an increase for both genders. This non-
linear pattern highlights the dynamic nature of T2DM burden in China’s elderly population. India’s projections
for T2DM in the elderly population were particularly concerning. Both deaths-ASR and DALYs-ASR were on
an upward trend, which was expected to continue. Notably, this increase was expected to be faster in men,
indicating a growing gender gap in the burden of T2DM in India’s older population.

Discussion

This study provided an in-depth analysis of the global burden of DM, which showed complex trends from 1990
to 2021. Global DALYs and mortality for T1DM have shown a decreasing trend, whereas T2DM has shown an
increasing trend. This is consistent with the International Diabetes Federation (IDF) report, which states that
DM has become one of the major public health challenges worldwide®. The difference may reflect different
etiological characteristics and the effectiveness of management strategies. Previous studies have found similar
trends, particularly for TIDM in children®!. For T2DM, studies have demonstrated a global trend of increasing
incidence, especially in low- and middle-income countries'>!3. This suggests that T2DM should be a priority for
future prevention and control strategies worldwide. In contrast to previous studies”!*15, this study concentrated
on the three most populous countries in the world: China, India and the United States. India bore the heaviest
burden of deaths, with about 331,308 deaths due to diabetes, followed by China (178,476) and the United States
(74,017). In terms of DALYs, India also ranked first (13,665,849), followed by China (11,713,61) and the United
States (5,074,68). These three countries shared about one-third of the global burden of diabetes, highlighting the
severe impact of the disease on these populous countries and the need for special attention from global health
authorities.

Country-level analyses revealed a more complex picture. China has made remarkable progress in the
management of TIDM, with significant reductions in both DALYs and mortality (AAPC of -2.6 for both).
Meanwhile, China had a slight decrease in T2DM mortality (AAPC: -0.16) but an increasing trend in DALYs
(AAPC: 0.88). This may be related to China’s comprehensive public health policy and the gradual improvement
of its healthcare system!®!”. For example, China’s health insurance coverage rate increased from 29.7% in
2003 to 95.7% in 2011, while remaining stable at over 95% since 20138, This has greatly reduced deaths and
complications resulting from untimely treatment of illnesses due to low income or poverty. Certainly, Chinese
traditional medicine also plays a great role, and studies have proved that TCM therapies can be effective for
both TIDM and T2DM!*-%, The trend for T1DM in India was also decreasing, but at a lower rate (AAPC of
-0.71 for DALYs and - 0.86 for mortality). The largest increases in the burden of T2DM were observed in India,
with AAPCs of 1.28 and 1.07 for DALYs and mortality, respectively. The continued increase in the burden of
diabetes in India is associated with rapid urbanization and lifestyle changes®*. In addition, Indian scholars have
found that increasing age, family history of diabetes, lack of physical activity and abdominal obesity are the most
common risk factors for T2DM in women?®. The United States showed a unique pattern, with a slight increase
in DALYs (AAPC: 0.17, 1.53) and a decrease in mortality (AAPC: -0.39, -0.62) for both TIDM and T2DM.
The unique pattern in the United States may relate to its complex health care system, social determinants and
lifestyle?®?’. The study found that, despite the provision of health care, the U.S. population with diabetes also
suffers from poor outcomes due to social determinants such as economic instability, food insecurity, education
and literacy, access to quality health care, neighborhoods and built environments, and social and community
environments?’. A systematic evaluation and meta-analysis showed that lifestyle interventions can reduce the
overall risk of T2DM by 0.53, as well as reduce the risk of cardiovascular and microvascular complications®®. The
AAPC for DALYs of T2DM was positive in all three countries, suggesting that T2DM can lead to an increased
economic burden of disease in these countries. In addition, T2DM was a major contributor to the DM disease
burden. Previous studies have identified obesity, dietary risks, tobacco, physical inactivity and air pollution as
major risk factors for the development of T2DM”?*30, Therefore, more attention needs to be paid to preventing
T2DM in the first place by intervening on risk factors in advance.

The study stratified the number of DALY and deaths associated with T1 and T2 diabetes globally, in China,
the United States and India in 2021 by gender and age. The results showed that the gender burden of T1IDM
was not significant, whereas males with T2DM had a significantly higher disease burden than females. These
findings have also been confirmed in previous studies®**2. Gender differences in T2DM may be closely related
to genetics, culture, lifestyle, environment, socioeconomic status, and psychological factors, among which
hormones, smoking, parental history of diabetes and body mass index (BMI) may be the main factors causing
gender differences in T2DM?>*-3¢, For example, T2DM is more common in males with a low BMI, while females
commonly have a high BML In addition, higher household income is positively associated with the prevalence
and incidence of diabetes in both genders, with the relationship being stronger for males than for females”’. In
terms of age groups, the disease burden for TIDM reached its peak at around 40-44 years of age, whereas for
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T2DM it peaked at 65-69 years of age and then gradually declined. The age peak for TIDM in the three countries
is globally consistent, while the burden of T2DM peaks at 65-74 years. Previous studies by Jiang®® have confirmed
a significant increase in the global burden of diabetes in adults >70 years of age, which is closely related to the
continued ageing of the population. India showed a higher prevalence of TIDM in younger age groups, which
may be related to earlier diagnosis of TIDM and increased survival rates due to poverty reduction, improved
communication and technology, increased awareness among healthcare workers and more trained specialists®.

Age-period-cohort analysis provided a comprehensive overview of trends in the burden of DM globally, as
well as in China, the United States and India. The analysis showed a general decline trend of Deaths in T1 and
T2DM across age cohorts. The peak of DALYs for TIDM occurred at 40-44 years of age globally and in the three
countries. It was notable that the DALYs of TIDM in the United States have shown an upward trend in recent
periods. This was also similar to the results of cost assessments of TIDM healthcare in the United States, where
the healthcare burden resulting from complications may increase as people with T1IDM live longer*®!. Mortality
rates of T2DM also increased with age, particularly after age 60, reflecting the combined effects of demographic
changes, medical interventions, and socioeconomic factors on the burden of DM***3. Furthermore, considering
the COVID-19 pandemic, these projections might be conservative and the actual situation might be more severe
than predicted**—°.

A decomposition analysis of the key factors influencing the disease burden of DM globally, in China, the
United States, and India. It found that population growth was the main driver, contributing 53.6%of the increase
in Deaths and 46.37% of the increase in DALYs globally. Population ageing was the second most important
factor, while changes in the epidemiology of T2DM also played an important role, particularly in the increase in
DALYs. This is consistent with the findings of Bommer, who also emphasized the importance of these factors in
driving the increased economic burden of DM*”. Country-level analyses revealed different patterns. In China,
population ageing was the dominant factor, while in the United States, epidemiological changes in T2DM had
the greatest impact on the increase in DALYs*. In India, population growth was the dominant factor of T2DM,
followed by changes in the epidemiology, which has also been confirmed in previous studies***’. These findings
emphasized the need for country-specific strategies and targeted interventions to address the increasing burden
of DM.

The health inequality analysis conducted in this study, combined with research on the burden of DM globally
and in China, the United States and India, reveal noteworthy trends in Deaths and DALYS in regions with
different socio-demographic characteristics®. The results of the SII suggest that the gap in crude deaths rate for
T1DM in the period 1990-2021 between regions with high SDI and low SDI is narrowing, while the burden of
DALYs is slightly increasing in lower SDI regions. However, deaths rate declined between all three countries,
but were significantly lower than expected in China and slightly higher than expected in India and the United
States by 2021. Notably, the US was the only one of the three countries with elevated DALYs for TIDM in 2021.
Smoking, poor diet and lack of physical activity are not only risk factors for T2DM, but may also have an impact
on the prognosis of TIDM>>%, In contrast, the gap in T2DM crude deaths rate and DALYs widened significantly
between regions with high SDI and low SDI, with all three countries experiencing significant increase. These
findings emphasized the complex interplay of socioeconomic factors and healthcare systems in influencing DM
outcomes. Similarly, the CIX results highlighted differences in the distribution of diabetes-related Deaths and
DALYs across SDI levels. Negative values indicated that mortality and DALYs are concentrated in areas with
lower SDI levels, suggesting a disproportionate burden in regions of lower socioeconomic conditions, consistent
with previous research!. These findings pointed to the importance of targeted interventions to address health
inequalities in diabetes, particularly in areas with low SDI levels, and the need for strategies aimed at improving
access to healthcare and addressing the social determinants of health.

This study projected the development of ASR associated with the disease burden of different types of DM
across the entire age range and age-specific groups by 2050 globally, in China, the United States, and India. From
1990 to 2021, there was an overall declining trend in ASR associated with T1DM in these regions, with the overall
levels in India and the US above the global average. In contrast, ASR associated with T2DM showed an overall
increasing trend, with India above the global average. However, the trend of ASR associated with TIDM disease
burden showed an increase only in India during the projection period, with it being more pronounced in males.
This suggested that the downward trend in ASR for T1IDM was more pronounced, whereas T2DM was on an
upward trend in all the regions studied, which emphasized the need to strengthen prevention and management
strategies for T2DM, especially in India. It has been pointed out that low level of awareness, lack of trained
medical and paramedical staff and unaffordability of medicines and services are the challenges and difficulties
faced by India in DM management*’. Moreover, the study showed that in rural Tamil Nadu, 66% of the study
participants had no knowledge of diabetes>*. This highlights the need for India to strengthen specialized training
for primary healthcare workers and expand public awareness campaigns on diabetes symptoms, complications,
and self-management in rural areas®.

This study focused on predicting the development of ASR in relation to the disease burden of T1IDM (35-54
years) and T2DM (60-84 years). The results showed a gradual decrease in the disease burden of T1DM in the
global 35-54 age group and a progressive increase in the disease burden of T2DM in the 60-84 age group.
There were significant differences between countries, with the burden of TIDM in the United States bucking the
global trend and showing a gradual increase, particularly in men. There have been reports of a linear increase
in the prevalence of TIDM in the United States over the next 30 years, with the prevalence projected to triple
by 2050°%%. In contrast, India showed a decreasing trend in the burden of TIDM. In China, the overall burden
of T1DM was slightly elevated, with a predominantly elevated burden in men. In the T2DM age group, the
US showed a sharp increase in burden after 2030, while China and India showed slightly increasing trends.
Bommer’s study predicted a significant increase in the global cost of diabetes in 2030%”, which may be closely
related to the growth of the disease in T2DM.

Scientific Reports |

(2025) 15:11955 | https://doi.org/10.1038/s41598-025-96175-4 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Strength and limitations

This study was the first to systematically compare the differences in the burden of DM among the world’s three
most populous countries (China, India, and the United States), revealing the heterogeneity of their disease
profiles and providing direct evidence for the development of country-specific strategies. Meanwhile, based
on GBD data from 1990 to 2021, we observe the long-term trend changes of TIDM and T2DM, especially
the impact of macro factors such as aging and population growth on the disease burden. Finally, based on the
characteristics and influencing factors of different disease burdens in each country, it will help to plan medical
resources and preventive and control measures in advance, and optimize the allocation of resources.

Our study has limitations. First, the reliability of GBD data depends on the quality and availability of vital
registration systems in each country. However, in regions where data sources were not available, GBD estimates
relied on modelling processes, predictive covariates and time trends obtained from neighboring countries,
which may have biased the results. Second, the age threshold for T2DM was set at 15 years, and children and
adolescents under 15 years of age were not included in the analyses due to insufficient data, but this had little
impact on the findings. Finally, there was a lack of purposive analyses of specific populations (e.g., adolescent
T2DM, gestational diabetes), which will guide future research.

Conclusion

Overall, our findings emphasized the continuing relevance of DM as an important global public health problem.
T1DM showed a declining trend in ASR-Deaths and ASR-DALYs globally, whereas the burden of T2DM
increased significantly, with a significant gender difference (higher burden in males). The burden of disease
for T1IDM peaks at 40-44 years of age, whereas the burden of disease for T2DM peaks at 65-69 years of age.
Population growth and ageing were the main factors driving the burden of DM, with India and China being
particularly affected by population growth, and China with the highest proportion of ageing contribution.
China was effective in TIDM management (ASR-deaths AAPC=-2.62). T2DM ASR-deaths declined but ASR-
DALYs rose in the US (AAPC =1.53), reflecting the challenge of managing complications. HIA revealed that the
burden of T2DM is increasing in low-income areas and that intervention strategies need to be tailored to address
socioeconomic disparities. By 2050, the burden of T2DM is projected to continue to increase, particularly in
developing countries.

These findings have important implications for public health policy development, indicating the need to
(1) strengthen the level of medical practitioners, as well as raise the level of public awareness of DM and its
complications; (2) prevent and intervene in advance with risk factors for diabetes, such as lifestyle interventions
and early diagnostic screenings; (3) differentiated screening and preventive strategies should be formulated
for different genders and age groups; (4) address the population aging and socioeconomic disparities, improve
equity in the distribution of healthcare resources, and focus on regions with lower levels of socioeconomic
development. These interventions will help to further reduce the global burden of DM.

Data availability
The data used in the analyses are publicly available and can be viewed at the Global Health Data GBD 2021 web-
site (http://ghdx.healthdata.org/gbd-results-tool).

Received: 11 February 2025; Accepted: 26 March 2025
Published online: 08 April 2025

References

1. Chew, N. W. S. et al. The global burden of metabolic disease: data from 2000 to 2019. Cell. Metab. 35 (3), 414-28e3. https://doi.or
g/10.1016/j.cmet.2023.02.003 (2023).

2. Jin, C. et al. Changes in the prevalence of diabetes and control of risk factors for diabetes among Chinese adults from 2007 to
2017: an analysis of repeated National cross-sectional surveys. J. Diabetes. 16 (2), e13492. https://doi.org/10.1111/1753-0407.13492
(2024).

3. Cole, J. B. & Florez, J. C. Genetics of diabetes mellitus and diabetes complications. Nat. Rev. Nephrol. 16 (7), 377-390. https://doi.
0rg/10.1038/541581-020-0278-5 (2020).

4. Demir, S., Nawroth, P. P, Herzig, S. & Ekim Ustunel, B. Emerging targets in type 2 diabetes and diabetic complications. Adv. Sci.
(Weinh). 8 (18), €2100275. https://doi.org/10.1002/advs.202100275 (2021).

5. Sun, H. et al. IDF diabetes atlas: global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045.
Diabetes Res. Clin. Pract. 183, 109119. https://doi.org/10.1016/j.diabres.2021.109119 (2022).

6. Williams, R. et al. Global and regional estimates and projections of diabetes-related health expenditure: results from the
international diabetes federation diabetes atlas, 9th edition. Diabetes Res. Clin. Pract. 162, 108072. https://doi.org/10.1016/j.diabre
5.2020.108072 (2020).

7. Collaborators, G. B. D. D. Global, regional, and National burden of diabetes from 1990 to 2021, with projections of prevalence to
2050: a systematic analysis for the global burden of disease study 2021. Lancet 402 (10397), 203-234. https://doi.org/10.1016/S01
40-6736(23)01301-6 (2023).

8. Jurgens, V., Ess, S., Cerny, T. & Vounatsou, P. A bayesian generalized age-period-cohort power model for cancer projections. Stat.
Med. 33 (26), 4627-4636. https://doi.org/10.1002/sim.6248 (2014).

9. Patterson, C. C. et al. Trends and cyclical variation in the incidence of childhood type 1 diabetes in 26 European centres in the 25
year period 1989-2013: a multicentre prospective registration study. Diabetologia 62 (3), 408-417. https://doi.org/10.1007/s0012
5-018-4763-3 (2019).

10. Cao, Y. et al. Diabetes burden, trends, and inequalities in Western Pacific region, 1990-2019: A population-based study. Diabetes
Metab. Syndr. 17 (9), 102852. https://doi.org/10.1016/j.dsx.2023.102852 (2023).

11. Zhao, M. et al. Age-standardized incidence, prevalence, and mortality rates of autoimmune diseases in adolescents and young
adults (15-39 years): an analysis based on the global burden of disease study 2021. BMC Public. Health. 24 (1), 1800. https://doi.or
2/10.1186/512889-024-19290-3 (2024).

Scientific Reports |

(2025) 15:11955 | https://doi.org/10.1038/541598-025-96175-4 nature portfolio


https://doi.org/10.1016/j.cmet.2023.02.003
https://doi.org/10.1016/j.cmet.2023.02.003
https://doi.org/10.1111/1753-0407.13492
https://doi.org/10.1038/s41581-020-0278-5
https://doi.org/10.1038/s41581-020-0278-5
https://doi.org/10.1002/advs.202100275
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.diabres.2020.108072
https://doi.org/10.1016/j.diabres.2020.108072
https://doi.org/10.1016/S0140-6736(23)01301-6
https://doi.org/10.1016/S0140-6736(23)01301-6
https://doi.org/10.1002/sim.6248
https://doi.org/10.1007/s00125-018-4763-3
https://doi.org/10.1007/s00125-018-4763-3
https://doi.org/10.1016/j.dsx.2023.102852
https://doi.org/10.1186/s12889-024-19290-3
https://doi.org/10.1186/s12889-024-19290-3
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

12. Collaboration, N. C. D. R. F Worldwide trends in diabetes since 1980: a pooled analysis of 751 population-based studies with 4.4
million participants. Lancet 387 (10027), 1513-1530. https://doi.org/10.1016/S0140-6736(16)00618-8 (2016).

13. Forray, A. 1. et al. The global burden of type 2 diabetes attributable to dietary risks: insights from the global burden of disease study
2019. Nutrients 15 (21). https://doi.org/10.3390/nu15214613 (2023).

14. Collaborators, G. B. D. E. Burden of disease scenarios for 204 countries and territories, 2022-2050: a forecasting analysis for the
global burden of disease study 2021. Lancet 403 (10440), 2204-2256. https://doi.org/10.1016/S0140-6736(24)00685-8 (2024).

15. Zhang, H. et al. Global burden of metabolic diseases, 1990-2021. Metabolism 160, 155999. https://doi.org/10.1016/j.metabol.2024
.155999 (2024).

16. Jia, W. et al. Standards of medical care for type 2 diabetes in China 2019. Diabetes Metab. Res. Rev. 35 (6), €3158. https://doi.org/1
0.1002/dmrr.3158 (2019).

17. Wang, E. et al. Mortality and years of life lost in diabetes mellitus and its subcategories in China and its provinces, 2005-2020. /.
Diabetes Res. 2022, 1609267. https://doi.org/10.1155/2022/1609267 (2022).

18. Yip, W. et al. 10 Years of health-care reform in China: progress and gaps in universal health coverage. Lancet 394 (10204), 1192-
1204. https://doi.org/10.1016/S0140-6736(19)32136-1 (2019).

19. Lien, A. S. et al. Integrative traditional Chinese medicine therapy reduces the risk of diabetic ketoacidosis in patients with type 1
diabetes mellitus. J. Ethnopharmacol. 191, 324-330. https://doi.org/10.1016/j.jep.2016.06.051 (2016).

20. Xing, Y, Li, P, Pang, G., Zhao, H. & Wen, T. Observational study on stability of within-day glycemic variability of type 2 diabetes
inpatients treated with decoctions of traditional Chinese medicine. Front. Pharmacol. 15, 1378140. https://doi.org/10.3389/fphar.
2024.1378140 (2024).

21. Yu, W. et al. Effect of Sancai powder on Glacemic variability of type 1 diabetes in China: A protocol for systematic review and meta-
analysis. Med. (Baltim). 99 (34), €20772. https://doi.org/10.1097/MD.0000000000020772 (2020).

22. Gao, Z. et al. Double-blinded, randomized clinical trial of gegen Qinlian Decoction pinpoints Faecalibacterium as key gut bacteria
in alleviating hyperglycemia. Precis Clin. Med. 7 (1), pbae003. https://doi.org/10.1093/pcmedi/pbae003 (2024).

23. Ni, Y. et al. Evidence of traditional Chinese medicine for treating type 2 diabetes mellitus: from molecular mechanisms to clinical
efficacy. Pharm. Biol. 62 (1), 592-606. https://doi.org/10.1080/13880209.2024.2374794 (2024).

24. Correction to Lancet Diabetes Endocrinol 2017; published online June 7. http://dx.doi.org/10.1016/52213-8587(17)30174-2.
Lancet Diabetes Endocrinol. 5(8), e5. https://doi.org/10.1016/52213-8587(17)30199-7 (2017).

25. Halder, P, Jeer, G. & Nongkynrih, B. Risk assessment of type 2 diabetes mellitus using Indian diabetes risk score among females
aged 30 years and above in urban Delhi. J. Medicial Sci. 75, 136-143. https://doi.org/10.25259/IJMS_53_2023 (2023).

26. Jain, V. et al. Demographic and Regional Trends of Cardiovascular Diseases and Diabetes Mellitus-Related Mortality in the United
States From 1999 to 2019. Am. J. Med. 136(7), 659-68 e7. https://doi.org/10.1016/j.amjmed.2023.03.002 (2023).

27. Patel, M. R. Social determinants of poor management of type 2 diabetes among the insured. Curr. Diab Rep. 20 (11), 67. https://d
0i.0rg/10.1007/s11892-020-01354-4 (2020).

28. Uusitupa, M. et al. Prevention of type 2 diabetes by lifestyle changes: A systematic review and Meta-Analysis. Nutrients 11 (11).
https://doi.org/10.3390/nul1112611 (2019).

29. Collaborators, G. B. D. D. Health effects of dietary risks in 195 countries, 1990-2017: a systematic analysis for the global burden of
disease study 2017. Lancet 393 (10184), 1958-1972. https://doi.org/10.1016/S0140-6736(19)30041-8 (2019).

30. Collaborators, G. B. D. O. et al. Health effects of overweight and obesity in 195 countries over 25 years. N Engl. J. Med. 377 (1),
13-27. https://doi.org/10.1056/NEJMoal614362 (2017).

31. Armocida, B. et al. The burden of type 1 and type 2 diabetes among adolescents and young adults in 24 Western European
countries, 1990-2019: results from the global burden of disease study 2019. Int. J. Public. Health. 68, 1606491. https://doi.org/10.3
389/ijph.2023.1606491 (2023).

32. Braffett, B. H. et al. Cardiometabolic risk factors and incident cardiovascular disease events in women vs men with type 1 diabetes.
JAMA Netw. Open. 5 (9), €2230710. https://doi.org/10.1001/jamanetworkopen.2022.30710 (2022).

33. Kautzky-Willer, A., Harreiter, J. & Pacini, G. Sex and gender differences in risk, pathophysiology and complications of type 2
diabetes mellitus. Endocr. Rev. 37 (3), 278-316. https://doi.org/10.1210/er.2015-1137 (2016).

34. Kautzky-Willer, A., Leutner, M. & Harreiter, J. Sex differences in type 2 diabetes. Diabetologia 66 (6), 986-1002. https://doi.org/10
.1007/s00125-023-05891-x (2023).

35. Tramunt, B. et al. Smoking and diabetes: sex and gender aspects and their effect on vascular diseases. Can. J. Cardiol. 39 (5),
681-692. https://doi.org/10.1016/j.cjca.2023.01.018 (2023).

36. Berumen, J. et al. Sex differences in the influence of type 2 diabetes (T2D)-related genes, parental history of T2D, and obesity on
T2D development: a case-control study. Biol. Sex. Differ. 14 (1), 39. https://doi.org/10.1186/s13293-023-00521-y (2023).

37. Wu, H. et al. Sex differences in the association between socioeconomic status and diabetes prevalence and incidence in China:
cross-sectional and prospective studies of 0.5 million adults. Diabetologia 62 (8), 1420-1429. https://doi.org/10.1007/s00125-019-4
896-z (2019).

38. Jiang, S., Yu, T, Di, D., Wang, Y. & Li, W. Worldwide burden and trends of diabetes among people aged 70 years and older, 1990-
2019: A systematic analysis for the global burden of disease study 2019. Diabetes Metab. Res. Rev. 40 (3), e3745. https://doi.org/10
.1002/dmrr.3745 (2024).

39. Virmani, A. Type 1 diabetes in India: the numbers show the way ahead. Indian Pediatr. 56 (3), 189-190 (2019).

40. Joish, V. N. et al. Estimation of annual health care costs for adults with type 1 diabetes in the united States. J. Manag Care Spec.
Pharm. 26 (3), 311-318. https://doi.org/10.18553/jmcp.2020.26.3.311 (2020).

41. Simeone, J. C. et al. Healthcare resource utilization and cost among patients with type 1 diabetes in the united States. J. Manag Care
Spec. Pharm. 26 (11), 1399-1410. https://doi.org/10.18553/jmcp.2020.26.11.1399 (2020).

42. Schwarz, P. et al. Global diabetes Survey--an annual report on quality of diabetes care. Diabetes Res. Clin. Pract. 100 (1), 11-18.
https://doi.org/10.1016/j.diabres.2012.11.008 (2013).

43. Bonita, R. et al. Country actions to Meet UN commitments on non-communicable diseases: a Stepwise approach. Lancet 381
(9866), 575-584. https://doi.org/10.1016/S0140-6736(12)61993-X (2013).

44. Khunti, K., Valabhyji, J. & Misra, S. Diabetes and the COVID-19 pandemic. Diabetologia 66 (2), 255-266. https://doi.org/10.1007/
$00125-022-05833-z (2023).

45. Sharma, P. et al. COVID-19 and diabetes: association intensify risk factors for morbidity and mortality. Biomed. Pharmacother.
151, 113089. https://doi.org/10.1016/j.biopha.2022.113089 (2022).

46. Singh, A. K. & Khunti, K. COVID-19 and diabetes. Annu. Rev. Med. 73, 129-147. https://doi.org/10.1146/annurev-med-042220-0
11857 (2022).

47. Bommer, C. et al. Global economic burden of diabetes in adults: projections from 2015 to 2030. Diabetes Care. 41 (5), 963-970.
https://doi.org/10.2337/dc17-1962 (2018).

48. Neupane, S., Florkowski, W. J. & Dhakal, C. Trends and disparities in diabetes prevalence in the united States from 2012 to 2022.
Am. ]. Prev. Med. 67 (2), 299-302. https://doi.org/10.1016/j.amepre.2024.04.010 (2024).

49. Unnikrishnan, R., Anjana, R. M. & Mohan, V. Diabetes mellitus and its complications in India. Nat. Rev. Endocrinol. 12 (6),
357-370. https://doi.org/10.1038/nrendo.2016.53 (2016).

50. Sahadevan, P. et al. Prevalence and risk factors associated with undiagnosed diabetes in India: insights from NFHS-5 National
survey. J. Glob Health. 13, 04135. https://doi.org/10.7189/jogh.13.04135 (2023).

Scientific Reports|  (2025) 15:11955 | https://doi.org/10.1038/s41598-025-96175-4 nature portfolio


https://doi.org/10.1016/S0140-6736(16)00618-8
https://doi.org/10.3390/nu15214613
https://doi.org/10.1016/S0140-6736(24)00685-8
https://doi.org/10.1016/j.metabol.2024.155999
https://doi.org/10.1016/j.metabol.2024.155999
https://doi.org/10.1002/dmrr.3158
https://doi.org/10.1002/dmrr.3158
https://doi.org/10.1155/2022/1609267
https://doi.org/10.1016/S0140-6736(19)32136-1
https://doi.org/10.1016/j.jep.2016.06.051
https://doi.org/10.3389/fphar.2024.1378140
https://doi.org/10.3389/fphar.2024.1378140
https://doi.org/10.1097/MD.0000000000020772
https://doi.org/10.1093/pcmedi/pbae003
https://doi.org/10.1080/13880209.2024.2374794
https://doi.org/10.1016/S2213-8587(17)30199-7
https://doi.org/10.25259/IJMS_53_2023
https://doi.org/10.1016/j.amjmed.2023.03.002
https://doi.org/10.1007/s11892-020-01354-4
https://doi.org/10.1007/s11892-020-01354-4
https://doi.org/10.3390/nu11112611
https://doi.org/10.1016/S0140-6736(19)30041-8
https://doi.org/10.1056/NEJMoa1614362
https://doi.org/10.3389/ijph.2023.1606491
https://doi.org/10.3389/ijph.2023.1606491
https://doi.org/10.1001/jamanetworkopen.2022.30710
https://doi.org/10.1210/er.2015-1137
https://doi.org/10.1007/s00125-023-05891-x
https://doi.org/10.1007/s00125-023-05891-x
https://doi.org/10.1016/j.cjca.2023.01.018
https://doi.org/10.1186/s13293-023-00521-y
https://doi.org/10.1007/s00125-019-4896-z
https://doi.org/10.1007/s00125-019-4896-z
https://doi.org/10.1002/dmrr.3745
https://doi.org/10.1002/dmrr.3745
https://doi.org/10.18553/jmcp.2020.26.3.311
https://doi.org/10.18553/jmcp.2020.26.11.1399
https://doi.org/10.1016/j.diabres.2012.11.008
https://doi.org/10.1016/S0140-6736(12)61993-X
https://doi.org/10.1007/s00125-022-05833-z
https://doi.org/10.1007/s00125-022-05833-z
https://doi.org/10.1016/j.biopha.2022.113089
https://doi.org/10.1146/annurev-med-042220-011857
https://doi.org/10.1146/annurev-med-042220-011857
https://doi.org/10.2337/dc17-1962
https://doi.org/10.1016/j.amepre.2024.04.010
https://doi.org/10.1038/nrendo.2016.53
https://doi.org/10.7189/jogh.13.04135
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

51. World Health Organization. Handbook on health inequality monitoring with a special focus on low- and middle-income countries
2013 [Available from: https://www.who.int/publications/i/item/9789241548632

52. Collaborators, G. B. D. D. A. Burden of diabetes and hyperglycaemia in adults in the Americas, 1990-2019: a systematic analysis
for the global burden of disease study 2019. Lancet Diabetes Endocrinol. 10 (9), 655-667. https://doi.org/10.1016/S2213-8587(22)
00186-3 (2022).

53. McCarthy, M. M. et al. Time, technology, social support, and cardiovascular health of emerging adults with type 1 diabetes. Nurs.
Res. 72 (3), 185-192. https://doi.org/10.1097/NNR.0000000000000645 (2023).

54. MacDonald, H. et al. Sociodemographic factors associated with knowledge of type 2 diabetes in rural Tamil Nadu, India. Rural
Remote Health. 22 (1), 6855. https://doi.org/10.22605/RRH6855 (2022).

55. Garg, P. et al. Urban-rural disparities in cervical cancer screening among Indian women between 30-49 years: a Geospatial and
decomposition analysis using a nationally representative survey. BMC Cancer. 25 (1), 67. https://doi.org/10.1186/s12885-025-134
46-z (2025).

56. Imperatore, G. et al. Projections of type 1 and type 2 diabetes burden in the U.S. Population aged <20 years through 2050: dynamic
modeling of incidence, mortality, and Population growth. Diabetes Care. 35 (12), 2515-2520. https://doi.org/10.2337/dc12-0669
(2012).

57. Centers for Disease Control and Prevention. National Diabetes Statistics Report. 2020. https://www.cdc.gov/diabetes/php/data-re
search/?CDC_AAref_Val=https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf (2020).

Author contributions

M]J made contributions to the conception of this study. CY and GW analyzed the data and wrote the main man-
uscript. ZH, XL, MS was responsible for acquisition of data. BH, SS, LW and WW helped with the analysis of the
data and revised the manuscript. All authors contributed to the article and approved.

Funding

This research was funded by Basic Chinese Medicine Evidence-based Capacity Building Project (N0.2019XZZX-
JB004) of Traditional Chinese Medicine and Clinical Collaboration Capacity Building Project of Chinese and
Western Medicine for Major Difficult Diseases (State Administration of Traditional Chinese Medicine and Med-
ical Affairs [2018] No. 3) of State Administration of Traditional Chinese Medicine, National Health and Family
Planning Commission, and the Health Bureau of the Logistics and Security Department of the Central Military
Commission.

Declarations

Competing interests
The authors declare no competing interests.

Ethics statement
This research does not contain any studies involving human or animal participants.

Additional information
Correspondence and requests for materials should be addressed to M.J.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:11955 | https://doi.org/10.1038/541598-025-96175-4 nature portfolio


https://www.who.int/publications/i/item/9789241548632
https://doi.org/10.1016/S2213-8587(22)00186-3
https://doi.org/10.1016/S2213-8587(22)00186-3
https://doi.org/10.1097/NNR.0000000000000645
https://doi.org/10.22605/RRH6855
https://doi.org/10.1186/s12885-025-13446-z
https://doi.org/10.1186/s12885-025-13446-z
https://doi.org/10.2337/dc12-0669
https://www.cdc.gov/diabetes/php/data-research/?CDC_AAref_Val=https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/php/data-research/?CDC_AAref_Val=https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Comparative diabetes mellitus burden trends across global, Chinese, US, and Indian populations using GBD 2021 database
	﻿Methods
	﻿Data download
	﻿Data analysis
	﻿Annual percentage change trends
	﻿ASR-deaths and ASR- dalys trends
	﻿Decomposition analysis
	﻿Health inequalities analysis
	﻿DM burden projections


	﻿Results
	﻿Global burden of DM
	﻿Distribution of DM subtypes
	﻿Joinpoint regression analysis of T1DM and T2DM trends
	﻿Age and gender distribution of DM burden
	﻿Age-period-cohort analysis



