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Background: Type 2 diabetes mellitus (T2DM) presents a substantial strain on

global healthcare systems. This study seeks to offer robust scientific evidence for

the effective prevention and management of T2DM globally through a

comprehensive analysis of the disease’s burden, trends, and risk factors from

1990 to 2021, as well as future trajectories from 2022 to 2050.

Methods: Data for this study were sourced from the 2021 Global Burden of

Disease (GBD) study. T2DM burden was assessed through incidence, prevalence,

mortality, and disability-adjusted life years (DALYs), stratified by age, sex,

sociodemographic index (SDI), 21 GBD regions, and 204 countries/territories.

Trends from 1990 to 2021 were quantified by estimating annual percentage

changes. Decomposition analysis identified the primary population-level drivers

of T2DM burden changes. The population attributable fraction assessed the

contribution of risk factors to the T2DM burden over the past 30 years, while the

Bayesian age–period–cohort model was employed to predict the future burden

driven by risk factors.

Results: In 2021, T2DM affected 506.0 million individuals, with 23.9 million new

cases, 1.6 million deaths, and 75.3 million DALYs. Between 1990 and 2021, both

absolute and relative burdens of T2DM increased, particularly among males,

older adults, and individuals under 40. Regions with higher SDI generally

exhibited higher age-standardized incidence and prevalence rates, while those

with lower SDI had elevated age-standardized mortality and DALY rates. Oceania

stood out as an exception, with the highest relative burdens across all four

indicators, most notably in the Marshall Islands and Fiji. The increases in

incidence, DALYs, and prevalence were predominantly driven by population

growth and epidemiological shifts, with aging contributing significantly to the

rise in mortality. Elevated fasting plasma glucose, body mass index (BMI), and

particulate pollution were major contributors to higher T2DM-related mortality
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and DALY rates. By 2050, high BMI, alcohol consumption, and sugary beverages

are anticipated to increasingly influence the T2DM burden.

Conclusion: Focused, preventive interventions targeting key risk factors in high-

burden groups can effectively reduce the global T2DM burden.
KEYWORDS

global burden, type 2 diabetes mellitus, trend analysis, decomposition analysis, risk
factor, forecast, sociodemographic index
1 Introduction

Diabetes is the most prevalent chronic metabolic disorder,

marked by persistent hyperglycemia. As the condition progresses,

it can lead to a range of disabling or even life-threatening

complications (1). The International Diabetes Federation reports

that by 2021, approximately 537 million adults worldwide were

living with diabetes, with projections suggesting that the number

will rise to 783 million by 2045 (2). Type 2 diabetes mellitus

(T2DM), accounting for more than 90% of all diabetes cases, is

the most common form of the disease (3). T2DM places significant

strain on healthcare systems. A recent study in Malaysia found that

cardiovascular hospitalization costs associated with T2DM

amounted to RM4.8 million ($1.15 million), approximately 30%

higher than those for non-T2DM individuals (4). The etiology of

T2DM is multifactorial, encompassing factors such as overweight

(5), behavioral risks (6, 7), and dietary habits (8, 9). Regular

evaluation of the T2DM burden and its risk factors is essential to

developing effective prevention and control strategies.

The Global Burden of Disease (GBD) study provides the most

comprehensive estimates of disease burden at the global, regional,

and national levels. Most studies on the burden of T2DM have relied

on data from the GBD 2019 study (10, 11), but these studies often

focus on specific risk factors, such as low physical activity (LPA) (10),

or target specific populations or regions (12, 13). In contrast, GBD

2021 offers the most current epidemiological insights into the T2DM

burden, utilizing advanced standardization techniques for a more

comprehensive and systematic assessment of disease trends. It also

carries stronger practical relevance for policy and intervention

planning. Recent studies have provided global diabetes prevalence

data (across all clinical types) from 1990 to 2021, offering valuable

support for global diabetes prevention and management (14).

However, the latest data on the global and regional T2DM burden,

along with the key drivers behind these trends, remain unknown. A

detailed and updated assessment of T2DM, including incidence,

prevalence, mortality, and disability-adjusted life years (DALYs), is

critical for refining diabetes management strategies and optimizing

the allocation of healthcare resources.

Decomposition analysis plays a key role in isolating and

quantifying the contributions of aging, population growth, and
02
epidemiological changes to the global and regional disease

burden, thereby facilitating a better understanding of the evolving

patterns of T2DM across different regions (15). However, such an

analysis has seldom been included in prior studies on the T2DM

burden. Furthermore, most earlier research has concentrated on

predicting overall future trends in T2DM burden or assessing the

impact of individual risk factors on specific burden categories (14,

16). The future influence of multiple risk factors—particularly those

linked to behavioral, environmental, and occupational risks, as well

as those exhibiting upward trends—on T2DM mortality and DALY

rates remains unclear.

Thus, this study utilized GBD 2021 data to comprehensively

evaluate the global and regional disease burden of T2DM, examine

temporal trends through multiple indicators, and systematically

analyze the primary drivers and attributable risk factors.

Additionally, future trends were predicted, offering valuable

insights for T2DM policy development and intervention planning.
2 Methods

2.1 Data source

The original data for this study originates fromGBD 2021, which,

as an iterative update of GBD 2019, incorporates newly available

epidemiological information and refined standardization techniques

(17). This updated version provides a more comprehensive and

systematic evaluation of the impact of 371 diseases, injuries, and 88

risk factors on global health across 204 countries and territories from

1990 to 2021. The GBD 2021 Disease and Injury Collaborators

integrated data from 100,983 sources, including population

registries, verbal autopsies, and censuses, to estimate key burden

metrics such as global incidence, prevalence, and DALYs, including

those for T2DM (18). T2DM-related deaths were estimated using the

Cause of Death Ensemble model (14). Meanwhile, the GBD 2021

Risk Factors Collaborators combined data from 54,561 sources to

generate 631 risk-outcome pairs by evaluating 88 risk factors and

their associated health outcomes (19), providing a crucial dataset for

analyzing T2DM-related attributable risk factors. These data can be

accessed via the Institute for Health Metrics and Evaluation (IHME)
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website (http://ghdx.healthdata.org/gbd-results-tool). Additionally,

sociodemographic index (SDI) data (20) and population forecast

data (21) used in this study were derived from datasets funded by

the Bill and Melinda Gates Foundation (BMGF) and are available

on the official IHME website.
2.2 Definition of T2DM

T2DM cases in GBD 2021 are determined by subtracting type 1

diabetes mellitus (T1DM) estimates from overall diabetes estimates

for each age, gender, and region (14). T2DM is identified in GBD

2021 using ICD-10 codes E11–E11.1 and E11.3–E11.9.
2.3 Definition, role, and quintile
classification of the sociodemographic
index value

The SDI serves as a comprehensive indicator reflecting the level

of social and economic development in a country or region. It aids

health professionals and policymakers in understanding the

relationship between population health and economic

development (22). SDI ranges from 0 (lowest) to 1 (highest) and

is calculated using factors such as the total fertility rate for women

under 25 years old (TFU25), the average educational attainment of

individuals aged 15 and older (EDU15+), and the per capita lagged

distributed income (LDI) (20, 23). Theoretically, regions with an

SDI of 0 represent the lowest socioeconomic development related to

health, while those with an SDI of 1 represent the highest (20).

According to GBD 2021, SDI is categorized into five levels: high

(0.81), high-middle (0.71–0.81), middle (0.62–0.71), low-middle

(0.47–0.62), and low (< 0.47).
2.4 Decomposition analysis

The decomposition method proposed by Das Gupta (24) was

utilized to analyze the factors contributing to changes in the T2DM

burden from 1990 to 2021. This method categorizes the influencing

factors into three key components: aging, population growth, and

epidemiological changes. Following previous research (25), the

relevant decomposition formula for prevalence analysis was

applied, which is also applicable to the analysis of the other three

burden indicators:

PREVALENCE ay , py , ey   =  o
16

i=1
(ai,y � py � ei,y)

In this context, PREVALENCE ay,py,ey represents the total

prevalence calculated for a specific year y, based on the age

structure (ay), total population (py), and prevalence rates (ey).

Here, ai,y and ei,y denote the population proportion and

prevalence rate for age group i in year y, respectively. The impact

of individual factors on total prevalence can be analyzed by isolating

these factors while holding the other variables constant.
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2.5 Attributable risk factors and population
attributable fraction

Seventeen attributable risk factors (Supplementary Table S1) for

the burden of T2DM can be explored through the data visualization

tool (https://vizhub.healthdata.org/gbd-compare/). The population

attributable fraction (PAF) is used to quantify the proportion of the

T2DM burden that could be reduced if exposure to specific

attributable risk factors were minimized. The larger the PAF, the

greater the contribution of a risk factor to T2DM. Comparing the

PAFs of various risk factors in 2021 and evaluating their dynamic

trends from 1990 to 2021 are critical for accurately identifying key

intervention areas and formulating evidence-based health policies.
2.6 Impact of attributable risk factors on
the future burden of T2DM

Building on previous research (26, 27), this study employed a

Bayesian age–period–cohort (BAPC) model to predict trends in

age-standardized mortality rates (ASMR) and age-standardized

DALY rates (ASDR) related to T2DM, driven by significant

attributable risk factors over the next 30 years. To address the

inherent wide prediction intervals of the BAPC model and the

complex convergence issues arising from the Markov Chain Monte

Carlo (MCMC) sampling method, the Integrated Nested Laplace

Approximation (INLA) algorithm was incorporated (28).
2.7 Statistical analysis

This study quantified the T2DM burden in GBD 2021 by

analyzing the number of cases, percentage changes, and age-

standardized rates (ASRs) per 100,000, along with 95% uncertainty

intervals (UI) for four indicators: incidence, prevalence, DALYs, and

deaths. To assess trends in ASRs from 1990 to 2021, the estimated

annual percentage change (EAPC) and its 95% confidence interval (CI)

were used. The EAPC was calculated from the slope (b) of the linear
regression model (y = a + bx + e), where y represents ln(ASR), x is the
calendar year, and e is the error term. The EAPC was then determined

as 100 × [exp(b) − 1]. The 95% CI of the EAPC was calculated using

the standard error derived from the log-linear regression. If both the

EAPC and its 95% CI were greater than 0, this indicated an increasing

trend in ASRs; if both were below 0, a decreasing trend was observed

(10). The correlation between SDI and ASRs for each region and

country was calculated using the Spearman correlation coefficient. All

calculations were conducted using R software (version 4.4.1).
3 Results

3.1 Global burden and trends of T2DM

In 2021, approximately 506.0 million (95% UI: 470.0 to 545.3)

people were affected by T2DM globally, representing a 290.5%
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increase from 1990 (Supplementary Data Sheet 1). The age-

standardized prevalence rate (ASPR) rose from 3,023.8 to 5,885.4

per 100,000 population, with an EAPC of 2.12 (95% CI: 2.08 to

2.16). The number of T2DM incidence cases in 2021 was 23.9

million (95% UI: 22.1 to 25.8) people, reflecting a 220.6% increase

from 1990 (Supplementary Data Sheet 1). The age-standardized

incidence rate (ASIR) increased from 162.0 to 280.3 per 100,000

population, with an EAPC of 1.74 (95% CI: 1.72 to 1.76). T2DM-

related deaths surged by 154.3%, reaching 1.6 million (95% UI: 1.5

to 1.7) people in 2021 (Supplementary Data Sheet 1). The ASMR

was 19.0 (95% UI: 17.6 to 20.2) per 100,000 population, with an

EAPC of 0.21 (95% CI: 0.15 to 0.27). Global DALYs due to T2DM

increased by 202.2%, totaling 75.3 million (95% UI: 63.5 to 90.3)

years in 2021 (Supplementary Data Sheet 1). The ASDR was 871.8

years (95% UI: 735.1 to 1,044.8) per 100,000 population, with an

EAPC of 1.04 (95% CI: 1.00 to 1.08). Overall, the global burden of

T2DM has significantly escalated over the past 30 years.
3.2 Gender and age patterns in the global
burden and trends of T2DM

From 1990 to 2021, the incidence and prevalence, ASIR, ASPR,

ASMR, and ASDR of T2DM were consistently higher in men than

in women worldwide (Supplementary Data Sheet 1; Figures 1A–D).
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However, the number of T2DM-related deaths among women

surpassed that of men (Figure 1C).

In 2021, the 55–59 age group had the highest global incidence

and prevalence, while the incidence rate peaked in the 60–64 age

group and the prevalence rate in the 75–79 age group (Figure 2).

Both global and sex-stratified T2DM death counts reached their

highest in the 70–74 age group, while DALY counts peaked at ages

65-69 (Figure 2). From age 65–69 onward, the number of deaths

and DALYs in women exceeded those in men. T2DM DALY rates,

both globally and by gender, increased with age. Supplementary

Figure S1 illustrates the temporal trends in T2DM burden across

age groups. From 1990 to 2021, the greatest increases in incidence,

prevalence, death, and DALYs occurred in the middle-aged and

older adult populations, particularly in those aged 95 and older

(Supplementary Tables S2–S5). The 20–45 age group experienced

the largest increase in the rates of these indicators.
3.3 Variations in the global burden and
trends of T2DM across different regions
and nations

3.3.1 Analysis by SDI regions
From 1990 to 2021, all T2DM burden indicators across the five

SDI regions, except for ASMR, demonstrated a marked increase
FIGURE 1

Trends in the absolute and relative burden of type 2 diabetes mellitus worldwide by sex (1990–2021). (A) Incidence counts and age-standardized
incidence rates. (B) Prevalence counts and age-standardized prevalence rates. (C) Death counts and age-standardized mortality rates. (D) Disability-
adjusted life years (DALYs) and age-standardized DALY rates.
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(Supplementary Data Sheet 1; Supplementary Figures S2A–H). The

middle-SDI region consistently exhibited the highest incidence,

prevalence, mortality, and DALYs relative to other regions

(Supplementary Figures S2A, C, E, G). The most significant

growth in these metrics occurred in low-middle-SDI regions, with

increases of 313.3% in incidence, 376.7% in prevalence, 229.7% in

mortality, and 260.3% in DALYs (Supplementary Data Sheet 1).

Since 2001 and 2012, the high-SDI region’s ASIR and ASPR

surpassed those of other regions, reaching 335.0 (95% UI: 314.7–

358.3) per 100,000 population and 6,575.4 (95% UI: 6,168.3–

7,011.1) per 100,000 population by 2021, respectively, marking

the highest increases (EAPC of 2.37 for ASIR and 2.71 for ASPR)

(Supplementary Data Sheet 1; Supplementary Figure S2). The

ASDR in the low-middle-SDI region overtook that of the low-SDI

region in 2016, rising to 1,209.6 (95% UI: 1,045.3–1,411.3) per

100,000 population by 2021, with an EAPC of 1.42 (Supplementary

Data Sheet 1; Supplementary Figure S2). ASMR trends varied across

regions, with declines observed in high- and middle-high-SDI

regions and increases in others.

3.3.2 Analysis of 21 GBD regions
In the 21 GBD regions, strong correlations were found between

SDI values and T2DM’s ASIR, ASPR, ASMR, and ASDR (all p <

0.001, Figures 3A–D), indicating a clear association between T2DM
Frontiers in Endocrinology 05
burden and socioeconomic development levels. Overall, SDI values

positively correlated with ASIR (r = 0.187) and ASPR (r = 0.179),

but negatively with ASMR (r = − 0.648) and ASDR (r = − 0.510).

However, Oceania, a low-SDI region, exhibited the highest relative

T2DM burden globally, with ASIR, ASPR, ASMR, and ASDR rates

of 566.7 (95% UI: 534.6 to 599.2), 12,031.8 (95% UI: 11,274.1 to

12,881.7), 108.9 (95% UI: 92.8 to 130.5), and 3,529.2 (95% UI:

3,015.9 to 4,180.9) per 100,000 population, respectively

(Supplementary Data Sheet 1). Between 1990 and 2021, High-

income North America saw the largest increases in ASIR (EAPC:

3.01) and ASPR (EAPC: 3.28), while Eastern Europe experienced

the largest rise in ASMR (EAPC: 2.73) and Southern Sub-Saharan

Africa in ASDR (EAPC: 2.18) (Supplementary Data Sheet 1). In

contrast, the high-income Asia Pacific recorded the greatest

decrease in ASMR (EAPC: − 2.91), and Eastern Sub-Saharan

Africa in ASDR (EAPC: − 0.41) (Supplementary Data Sheet 1).

3.3.3 National-level analysis
In 2021, among 204 countries and territories, the Marshall

Islands recorded the highest ASIR at 877.7 (95% UI: 819.3 to 947.0)

per 100,000 population and ASPR at 21,942.7 (95% UI: 20,398.2 to

23,914.2) per 100,000 population, while Belarus reported the lowest

ASIR (129.5 per 100,000 population [95% UI: 116.4 to 141.7]) and

Kenya the lowest ASPR (1,858.5 per 100,000 population [95% UI:
FIGURE 2

Absolute and relative burden of type 2 diabetes mellitus among adults aged 20 and over by sex in 2021. (A) Incidence counts and age-specific
incidence rates. (B) Prevalence counts and age-specific prevalence rates. (C) Death counts and age-specific mortality rates. (D) Disability-adjusted
life years (DALYs) and age-specific DALY rates.
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1,674.3 to 2,051.8]) (Figure 4A, B; Supplementary Tables S6, S7).

Fiji had the highest ASMR at 265.2 per 100,000 population (95% UI:

213.0 to 328.3) and ASDR at 7,322.7 per 100,000 population (95%

UI: 5,942.6 to 9,076.0), whereas Singapore reported the lowest

ASMR (2.0 per 100,000 population [95% UI: 1.7 to 2.2]) and

Belarus had the lowest ASDR (307.0 per 100,000 population [95%

UI: 237.1 to 397.0]) (Figures 4C, D; Supplementary Tables S8, S9).

From 1990 to 2021, Egypt, Greenland, Mauritius, and Lesotho

experienced the largest increases in ASIR, ASPR, ASMR, and

ASDR, respectively, while Cyprus was the only country to report

a decline in ASIR and the largest reduction in ASDR (Figures 4E–H;

Supplementary Tables S6–S9). Singapore demonstrated the most

significant decrease in ASMR. In 2021, China, India, and the USA

significantly outpaced other countries in the total number of T2DM

cases across all indicators (Figures 4I–L; Supplementary Tables S6–

S9), highlighting the major challenges these countries face in

addressing T2DM.
3.4 Decomposition analysis of T2DM
burden

From 1990 to 2021, all four absolute burden indicators for

T2DM globally increased, with the highest increases in incidence,
Frontiers in Endocrinology 06
deaths, and DALYs observed in the middle-SDI region, and the

largest increase in prevalence in the low-middle-SDI region.

Globally, population growth was the primary contributor to the

increasing burden of incidence, deaths, and DALYs, accounting for

51.31%, 56.84%, and 47.94%, respectively (Figures 5A, C, D;

Supplementary Tables S10, S12, S13). The impact of population

growth was consistent across genders but varied by SDI region,

being most pronounced in low-SDI regions, with contributions of

119.52%, 59.96%, 106.75%, and 86.79% for incidence, prevalence,

deaths, and DALYs, respectively (Figures 5A–D; Supplementary

Tables S10-S13). Epidemiological changes contributed the largest

share to global prevalence (49.31%), with a similar distribution

across genders and peaking in high-SDI regions (63.16%)

(Figure 5B; Supplementary Table S11). While this factor had the

least impact on global mortality, it substantially reduced T2DM

mortality in high-SDI regions (− 108.87%). Aging contributed

minimally to global incidence, prevalence, and DALYs, showing

similar patterns across genders and SDI regions (Figures 5A, B, D;

Supplementary Tables S10, S11, S13). However, it played a

significant role in the rise of global T2DM deaths, particularly in

high-SDI regions (93.37%) (Figure 5C; Supplementary Table S12).

The contributions of these three determinants to changes in the

T2DM burden varied significantly across the 21 GBD regions and

204 countries (Supplementary Tables S10-S13). Population growth
FIGURE 3

Relationship between the relative burden of type 2 diabetes mellitus and SDI value in 21 GBD regions. (A) Incidence rate vs. SDI. (B) Prevalence rate
vs. SDI. (C) Mortality rate vs. SDI. (D) DALY rate vs. SDI. An r value greater than zero indicates a positive correlation between age-standardized rates
and SDI, while an r value less than zero suggests a negative correlation. A p-value below 0.05 confirms the statistical significance of these
correlations. SDI, sociodemographic index.
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was the main driver of the increased T2DM burden in the Oceania

region and India, while epidemiological changes were the dominant

factor in the USA. In China, the T2DM burden increase was driven

by a combination of all three determinants.
3.5 Analysis of attributable risk factors for
T2DM

Over the past 30 years, metabolic risk factors have been the

primary contributors to T2DM-related ASMR and ASDR, followed

by behaviora l and environmenta l /occupat ional r i sks

(Supplementary Figure S3A, B). High fasting plasma glucose

(FPG) has remained the leading metabolic risk factor for T2DM-

related ASMR (PAF, 100.0% [95% UI: 99.8 to 100.1]) and ASDR

(PAF, 100.0% [95% UI: 99.9 to 100.1]) globally (Figures 6A, B;

Supplementary Tables S14, S15). High body mass index (BMI) was

responsible for 44.5% of T2DM-related ASMR and 51.9% of ASDR,

with a more pronounced effect in women than in men. Its impact
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also increased with higher SDI quintiles (Figures 6A, B;

Supplementary Tables S14, S15). From 1990 to 2021, the

contribution of high BMI to both ASMR and ASDR showed an

increasing trend in both genders (Supplementary Tables S14, S15).

Key behavioral risk factors for ASMR and ASDR in 2021

included LPA, high-processed meat diets, low whole grain diets,

and smoking, each with gender-specific effects and varying

contributions across SDI regions (Figures 6A, B). LPA and a diet

high in processed meat had a greater impact on women, while a low

whole grain diet and smoking were more influential in men. In high

and high-middle SDI regions, smoking and dietary risks such as

processed meat, red meat, and sugar-sweetened beverages (SSBs)

contributed more to ASMR and ASDR, while diets low in fruits and

vegetables were more impactful in low SDI regions. The

contributions of high SSB consumption and alcohol use to ASMR

and ASDR increased globally from 1990 to 2021, particularly in low

SDI regions (Supplementary Tables S14, S15).

Ambient particulate matter (PM) pollution was the leading

environmental/occupational risk factor for T2DM-related ASMR
FIGURE 4

Analysis of absolute and relative burden, as well as trends, of type 2 diabetes mellitus in 204 countries/territories. (A, E) ASIR and its EAPC; (B, F)
ASPR and its EAPC; (C, G) ASMR and its EAPC; (D, H) ASDR and its EAPC. Maps use red markers to indicate the highest burden/fastest growth, and
blue markers to indicate the lowest burden/fastest decline trends. (I–L) Incidence/prevalence/death/DALY counts. Maps highlight the top five
countries by absolute burden. ASIR/ASPR/ASMR/ASDR, age-standardized incidence/prevalence/mortality/DALY rate; EAPC, estimated annual
percentage change; DALYs, disability-adjusted life years.
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(PAF, 11.5% [95% UI: 6.7 to 17.0]) and ASDR (PAF, 11.8% [95%

UI: 6.8 to 17.3]) in 2021, with similar effects across genders

(Figure 6A, B; Supplementary Tables S14, S15). In high and high-

middle SDI regions, ambient PM pollution and low temperatures

contributed more to ASMR and ASDR, while in low SDI regions,

household air pollution from solid fuels and high temperatures had

a greater impact. From 1990 to 2021, the contributions of household

air pollution from solid fuels and low temperatures decreased, while

the impacts of ambient PM pollution and high temperatures

increased (Supplementary Tables S14, S15).
3.6 Prediction of ASMR and ASDR for
T2DM by 2050 based on important risk
factors

This study identified the critical T2DM risk factors—those that

dominate across three major categories or exhibit continuous

upward trends from 1990 to 2021—and predicted their future

impact using the BAPC model.

In 2021, high FPG resulted in a T2DM-related ASMR of 26.7 and

an ASDR of 1,222.4 per 100,000 population. The T2DM-related

ASDR attributable to high FPG is projected to rise to 2,008.0 per

100,000 population by 2050, while the ASMR is expected to decrease

by 3.4% (Figures 7A, H). High BMI is anticipated to dramatically

increase the T2DM-related ASMR from 13.4 to 15.5 per 100,000
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population and the T2DM-related ASDR from 718.1 to 1,454.3 per

100,000 population (Figures 7B, I).

In 2021, the T2DM-related ASMR due to LPA was 3.3 per

100,000 population, with a modest increase of 3.0% expected by

2050. In contrast, the T2DM-related ASDR due to high consumption

of processed meats in 2021 stood at 127.8 per 100,000 population,

with a projected rise of 64.2% by 2050 (Figures 7C, J). Alcohol use is

forecast to experience the most substantial increase, with T2DM-

related ASMR rising by 580.0% to 3.4 per 100,000 population and

T2DM-related ASDR increasing by 1,492.0% to 360.0 per 100,000

population (Figures 7D, K). Consumption of red meat and SSBs will

also contribute to higher ASMR and ASDR, with SSBs expected to

raise ASDR by 107.7% (Figures 7E, L, M).

In 2021, ambient PM pollution contributed to T2DM-related

ASMR and ASDR rates of 4.0 and 186.6 per 100,000 population,

respectively. Ambient PM pollution is projected to increase T2DM-

related ASDR by 77.5%, while ASMR is expected to remain stable

(Figures 7F, N). In contrast, high temperatures are expected to

further decrease T2DM-related ASMR and ASDR by 2050

(Figures 7G, O).
4 Discussion

T2DM remains a critical global health issue. The findings of this

study reveal significant increases in its absolute burden, relative
FIGURE 5

Patterns of change in incidence (A), prevalence (B), deaths (C), and DALYs (D) of type 2 diabetes mellitus, driven by aging, population growth, and
epidemiological changes from 1990 to 2021, shown globally, by sex, and across various SDI regions. Black dots represent the overall change
attributed to these components. Positive values indicate contributions to an increase in T2DM burden, whereas negative values indicate
contributions to its decrease. SDI, sociodemographic index.
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burden, and both fatal and nonfatal burdens since 1990,

underscoring the urgent need for effective early prevention and

management strategies.

In line with the GBD 2019 study (29), this study observed that

in 2021, the ASIR, ASMR, and ASDR for male patients with T2DM

were higher than for female patients. This may be attributed to the

earlier diagnosis and lower body fat mass observed in male patients

(30) . However , b io log ica l , psychosoc ia l , behaviora l ,

pathophysiological, and comorbid factors all contribute to the
Frontiers in Endocrinology 09
observed sex differences in the T2DM burden (31). Furthermore,

this study identified that the number of T2DM-related deaths

among women surpassed that of men, potentially linked to the

significantly increased relative risk of fatal coronary heart disease

associated with diabetes in women (32).

The relative burden of T2DM in 2021 was most pronounced in

older populations, though the impact on younger individuals has

notably increased over the past three decades. Several factors likely

contribute to this trend: urbanization has led to greater
FIGURE 6

Contribution of 17 risk factors to age-standardized mortality (A) and DALY rates (B) related to type 2 diabetes mellitus, by sex and SDI regions in
2021. DALYs, disability-adjusted life years; SDI, sociodemographic index.
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consumption of processed and fast foods among younger people,

fostering a sedentary lifestyle and rising obesity rates in adolescents

and children, which, in turn, drive up T2DM incidence (33–35).

Early-onset T2DM, particularly in individuals under 40, often

presents with more aggressive disease characteristics, such as

heightened insulin resistance and severe beta-cell failure (36).

Younger patients are at a heightened risk of earlier cardiovascular

complications and increased mortality due to prolonged disease

exposure and inadequate blood sugar control, which results in

poorer long-term outcomes (37).

Distinct socioeconomic and geographic disparities exist in the

burden of T2DM. Globally, in 2021, increasing SDI was associated

with higher ASIR and ASPR, while ASMR and ASDR decreased.

This trend likely reflects the benefits of increased funding and

advanced medical technology in high-SDI regions, which facilitate

early detection and treatment, reducing the risk of severe

complications. Conversely, low-SDI regions, constrained by

financial and technological limitations, face higher rates of

undiagnosed cases and poorer outcomes due to inadequate disease

management. Notably, Oceania, a low-SDI region, exhibited the

highest relative burden across all four indicators, with the Marshall
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Islands and Fiji standing out, further reinforcing findings from GBD

2019. Faith-based health checks (38) and community participatory

screening (39) could enhance early T2DM detection in the Marshall

Islands. In Fiji, the rising T2DM prevalence is compounded by poor

blood sugar control, low patient awareness, poor treatment

adherence, and limited resources, leading to high mortality and

hospitalization rates (40). Drawing from Singapore’s experience in

strengthening T2DM screening and exploring personalized

treatment strategies may provide an effective approach to reducing

the T2DM burden in high-burden regions (41, 42).

This decomposition analysis enhances our understanding of the

evolving trends in the absolute burden of T2DM across different

economic regions. In low-SDI regions, increases in T2DM

incidence and DALYs are primarily driven by population growth,

followed by epidemiological changes. This outcome reflects the

combined challenges of insufficient disease prevention and

management amidst a large population base. In contrast,

epidemiological changes are the leading contributor to the global

rise in T2DM prevalence, especially in high-SDI regions, where

rising obesity rates, high-calorie diets, and sedentary behaviors have

amplified the economic burden associated with T2DM and its
FIGURE 7

The Bayesian age–period–cohort model was utilized to forecast the age-standardized mortality (ASMR) and DALY rates (ASDR) associated with type
2 diabetes mellitus (T2DM) attributable to various major risk factors by 2050. (A–G) Contributions of attributable risk factors shaping the future
patterns of T2DM-related ASMR changes. (H–O) Contributions of risk factors to future patterns of T2DM-related ASDR changes. DALYs, disability-
adjusted life years.
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complications (43). Aging, a significant factor, is responsible for the

increased mortality from T2DM across all income regions, likely

due to the higher risks of fatal diseases in longer-lived patients

with T2DM.

Additionally, this study refines the analysis of modifiable risk

factors influencing T2DM mortality and DALY rates using GBD

2021, categorizing 17 risk factors into metabolic, behavioral, and

environmental/occupational categories. High FPG remains the

foremost risk factor for T2DM, crucial for diagnosis, treatment

evaluation, and mortality in patients with T2DM, particularly

following COVID-19 infection (44–46). High BMI, the second

most significant risk, exacerbates the likelihood of heart failure

and atrial fibrillation in patients with T2DM (47, 48). It also predicts

all-cause and cardiovascular mortality when combined with high

HbA1c levels (49). Ambient PM pollution ranks as the third-largest

risk, with each 1 mg/m3 increase in PM2.5 elevating T2DMmortality

risk by 3.6% (50). LPA and processed meat intake are key behavioral

risks, with LPA reducing macrovascular and microvascular event

risks (51), while processed meat consumption, being less than twice

a week, is linked to slightly reduced risks of T2DM, cardiovascular

diseases, and colorectal cancer (52).

Over the past 30 years, the PAFs of T2DM-related ASMR and

ASDR due to alcohol use have risen by 6.4% and 21.7%,

respectively. By 2050, alcohol consumption is projected to

become the third leading risk factor for T2DM-related ASDR.

The stem cell differentiation defects and tissue inflammation

caused by ethanol and its metabolites may increase the cancer

risk in patients with T2DM, contributing to a worse prognosis (53).

High SSB consumption has also significantly increased T2DM risk.

In 2020, SSB consumption resulted in 2.2 million T2DM cases and

7,000 deaths in four Latin American and Caribbean countries,

accounting for 19% of total cases and 23% of deaths (54).

However, implementing SSB taxes has proven effective in

reducing the T2DM burden. For instance, after a 10% SSB tax

was introduced in Hong Kong, obesity and T2DM prevalence

showed significant improvement (55).

Despite these significant findings, some limitations should be

acknowledged. GBD 2021 primarily relies on population-level data,

which may not fully capture the individual health status of patients

with T2DM. Additionally, variations in the definition and

classification of T2DM across regions may affect the overall

analysis results.
5 Conclusion

This study draws on the latest GBD 2021 data to robustly

demonstrate the substantial global burden of T2DM and identify

key populations in need of focused attention. Moving forward,

targeting critical risk factors such as high BMI, alcohol

consumption, and SSBs in these populations or regions is

anticipated to mitigate the global T2DM burden and enhance the

overall quality of life for affected individuals.
Frontiers in Endocrinology 11
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Ethics statement

Ethical approval was not required for the study involving

humans in accordance with the local legislation and institutional

requirements. Written informed consent to participate in this study

was not required from the participants or the participants’ legal

guardians/next of kin in accordance with the national legislation

and the institutional requirements.
Author contributions

QH: Conceptualization, Formal analysis, Writing – original

draft. YL: Supervision, Validation, Writing – review & editing.

MY: Data curation, Formal analysis, Writing – review & editing.

ZL: Data curation, Formal analysis, Writing – review & editing. FL:

Data curation, Formal analysis, Writing – review & editing. NX:

Data curation, Formal analysis, Writing – review & editing. QZ:

Software, Visualization, Writing – review & editing. JS: Software,

Visualization, Writing – review & editing. JZ: Software,

Visualization, Writing – review & editing. HJ: Conceptualization,

Funding acquisition, Methodology, Supervision, Writing – review

& editing.
Funding

The author(s) declare that financial support was received for the

research and/or publication of this article. This study was supported

by the National Key Research and Development Program of China

(2022YFC3601504) and the Shanghai Municipal Health

Commission (202140248).
Acknowledgments

We extend our gratitude to the contributors of the Global

Burden of Diseases, Injuries, and Risk Factors Study 2021 for

their invaluable work.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
frontiersin.org

https://doi.org/10.3389/fendo.2025.1538143
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Huang et al. 10.3389/fendo.2025.1538143
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

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

and do not necessarily represent those of their affiliated organizations,
Frontiers in Endocrinology 12
or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2025.

1538143/full#supplementary-material
References
1. Goyal R, Singhal M. Diabetes mellitus type 2 Statpearls. Treasure Island (FL), USA
(2021). Available online at: https://www.statpearls.com/articlelibrary/viewarticle/36052
(Accessed September 25, 2024).

2. Federation ID. IDF Diabetes Atlas (2021). Available online at: https://
diabetesatlas.org/data/en/indicators (Accessed September 26, 2024).

3. Holman N, Young B, Gadsby R. Current prevalence of Type 1 and Type 2 diabetes
in adults and children in the UK. Diabetes Med. (2015) 32:1119–20. doi: 10.1111/
dme.12791

4. Puteh SEW, Kamarudin N, Hussein Z, Adam N, Shahari MR. Cost of
cardiovascular disease events in patients with and without type 2 diabetes and
factors influencing cost: a retrospective cohort study. BMC Public Health. (2024)
24:2003. doi: 10.1186/s12889-024-19475-w

5. Yu HJ, Ho M, Liu X, Yang J, Chau PH, Fong DYT. Association of weight status
and the risks of diabetes in adults: a systematic review and meta-analysis of prospective
cohort studies. Int J Obes (Lond). (2022) 46:1101–13. doi: 10.1038/s41366-022-01096-1

6. Akter S, Goto A, Mizoue T. Smoking and the risk of type 2 diabetes in Japan: A
systematic review and meta-analysis. J Epidemiol. (2017) 27:553–61. doi: 10.1016/
j.je.2016.12.017

7. Song L, Shen J, Wang J, Zhang Y, Zhou Z, Sang L, et al. Shift patterns, physical
exercise, and Type 2 diabetes mellitus (T2DM): a prospective cohort study in China.
Transl Behav Med. (2023) 13:183–91. doi: 10.1093/tbm/ibac089

8. Guo XF, Yang B, Tang J, Jiang JJ, Li D. Apple and pear consumption and type 2
diabetes mellitus risk: a meta-analysis of prospective cohort studies. Food Funct. (2017)
8:927–34. doi: 10.1039/c6fo01378c

9. Hill ER, O’Connor LE, Wang Y, Clark CM, McGowan BS, FormanMR, et al. Red and
processed meat intakes and cardiovascular disease and type 2 diabetes mellitus: An umbrella
systematic review and assessment of causal relations using Bradford Hill’s criteria. Crit Rev
Food Sci Nutr. (2024) 64:2423–40. doi: 10.1080/10408398.2022.2123778

10. Luo J, Zhao X, Li Q, Zou B, Xie W, Lei Y, et al. Evaluating the global impact of
low physical activity on type 2 diabetes: Insights from the global burden of disease 2019
study. Diabetes Obes Metab. (2024) 26:2456–65. doi: 10.1111/dom.15568

11. Namazi N, Moghaddam SS, Esmaeili S, Peimani M, Tehrani YS, Bandarian F,
et al. Burden of type 2 diabetes mellitus and its risk factors in North Africa and the
Middle East, 1990-2019: findings from the Global Burden of Disease study 2019. BMC
Public Health. (2024) 24:98. doi: 10.1186/s12889-023-16540-8

12. Armocida B, Monasta L, Sawyer SM, Bustreo F, Onder G, Castelpietra G, 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. (2023) 68:1606491. doi: 10.3389/ijph.2023.1606491

13. Ding Y, Cai X, Ou Y, Liang D, Guan Q, ZhongW, et al. The burden of diabetes in
the southeastern coastal region of China from 1990 to 2019 and projections for 2030: A
systematic analysis of the 2019 global burden of disease study. Diabetes Metab Res Rev.
(2025) 41:e70031. doi: 10.1002/dmrr.70031

14. Collaborators GBDD. 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. (2023) 402:203–34. doi: 10.1016/S0140-
6736(23)01301-6

15. Liu C, Zhu S, Zhang J, Wu P, Wang X, Du S, et al. Global, regional, and national
burden of liver cancer due to non-alcoholic steatohepatitis, 1990-2019: a
decomposition and age-period-cohort analysis. J Gastroenterol. (2023) 58:1222–36.
doi: 10.1007/s00535-023-02040-4

16. Dong C, Wu G, Li H, Qiao Y, Gao S. Type 1 and type 2 diabetes mortality
burden: Predictions for 2030 based on Bayesian age-period-cohort analysis of China
and global mortality burden from 1990 to 2019. J Diabetes Investig. (2024) 15:623–33.
doi: 10.1111/jdi.14146
17. Metrics IfH, Evaluation. Global burden of disease 2021: findings from the GBD
2021 study. Seattle, WA, USA: Institute for health metrics and evaluation (2024).

18. Diseases GBD and Injuries C. Global incidence, prevalence, years lived with
disability (YLDs), disability-adjusted life-years (DALYs), and healthy life expectancy
(HALE) for 371 diseases and injuries in 204 countries and territories and 811
subnational locations, 1990-2021: a systematic analysis for the Global Burden
of Disease Study 2021. Lancet. (2024) 403:2133–61. doi: 10.1016/S0140-6736(24)
00757-8

19. Collaborators GBDRF. Global burden and strength of evidence for 88 risk factors
in 204 countries and 811 subnational locations, 1990-2021: a systematic analysis for the
Global Burden of Disease Study 2021. Lancet. (2024) 403:2162–203. doi: 10.1016/
S0140-6736(24)00933-4

20. GBoDC N. Global Burden of Disease Study 2021 (GBD 2021) Socio-Demographic
Index (SDI) 1950–2021. Seattle: United States of America: Institute for Health Metrics
and Evaluation (IHME (2024).

21. IHME. Global Fertility, Mortality, Migration, and Population Forecasts 2017–
2100. Seattle, WA: IHME (2020).

22. Chen X, Guo H, Cao S, Lin J, Huang P, ZhangW, et al. Disease burden of bladder
cancer in China and the different SDI regions over the world from 1990 to 2021. Sci
Rep. (2025) 15:20811. doi: 10.1038/s41598-025-08634-7

23. Liang D, Cai X, Guan Q, Ou Y, Zheng X, Lin X. Burden of type 1 and type 2
diabetes and high fasting plasma glucose in Europe, 1990-2019: a comprehensive
analysis from the global burden of disease study 2019. Front Endocrinol (Lausanne).
(2023) 14:1307432. doi: 10.3389/fendo.2023.1307432

24. Das Gupta P. Standardization and decomposition of rates from cross-classified
data. Genus. (1994) 50:171–96.

25. Bai Z, Han J, An J, Wang H, Du X, Yang Z, et al. The global, regional, and
national patterns of change in the burden of congenital birth defects, 1990-2021: an
analysis of the global burden of disease study 2021 and forecast to 2040.
EClinicalMedicine. (2024) 77:102873. doi: 10.1016/j.eclinm.2024.102873

26. Chen J, Cui Y, Deng Y, Xiang Y, Chen J, Wang Y, et al. Global, regional, and
national burden of cancers attributable to particulate matter pollution from 1990 to
2019 and projection to 2050: Worsening or improving? J Hazard Mater. (2024)
477:135319. doi: 10.1016/j.jhazmat.2024.135319

27. Chen J, Li C, Bu CLN, Wang Y, Qi M, Fu P, et al. Global burden of non-
communicable diseases attributable to kidney dysfunction with projection into 2040.
Chin Med J (Engl). (2025) 138(11):1334–44. doi: 10.1097/CM9.0000000000003143

28. Riebler A, Held L. Projecting the future burden of cancer: Bayesian age-period-
cohort analysis with integrated nested Laplace approximations. Biom J. (2017) 59:531–
49. doi: 10.1002/bimj.201500263

29. Zhu R, Zhou S, Xia L, Bao X. Incidence, Morbidity and years Lived With
Disability due to Type 2 Diabetes Mellitus in 204 Countries and Territories: Trends
From 1990 to 2019. Front Endocrinol (Lausanne). (2022) 13:905538. doi: 10.3389/
fendo.2022.905538

30. Tramunt B, Smati S, Grandgeorge N, Lenfant F, Arnal JF, Montagner A, et al. Sex
differences in metabolic regulation and diabetes susceptibility. Diabetologia. (2020)
63:453–61. doi: 10.1007/s00125-019-05040-3

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

32. Huxley R, Barzi F, Woodward M. Excess risk of fatal coronary heart disease
associated with diabetes in men and women: meta-analysis of 37 prospective cohort
studies. BMJ. (2006) 332:73–8. doi: 10.1136/bmj.38678.389583.7C

33. Popkin BM. The public health implications of fast-food menu labeling. Am J Prev
Med. (2012) 43:569–70. doi: 10.1016/j.amepre.2012.08.006
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2025.1538143/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2025.1538143/full#supplementary-material
https://www.statpearls.com/articlelibrary/viewarticle/36052
https://diabetesatlas.org/data/en/indicators
https://diabetesatlas.org/data/en/indicators
https://doi.org/10.1111/dme.12791
https://doi.org/10.1111/dme.12791
https://doi.org/10.1186/s12889-024-19475-w
https://doi.org/10.1038/s41366-022-01096-1
https://doi.org/10.1016/j.je.2016.12.017
https://doi.org/10.1016/j.je.2016.12.017
https://doi.org/10.1093/tbm/ibac089
https://doi.org/10.1039/c6fo01378c
https://doi.org/10.1080/10408398.2022.2123778
https://doi.org/10.1111/dom.15568
https://doi.org/10.1186/s12889-023-16540-8
https://doi.org/10.3389/ijph.2023.1606491
https://doi.org/10.1002/dmrr.70031
https://doi.org/10.1016/S0140-6736(23)01301-6
https://doi.org/10.1016/S0140-6736(23)01301-6
https://doi.org/10.1007/s00535-023-02040-4
https://doi.org/10.1111/jdi.14146
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1016/S0140-6736(24)00933-4
https://doi.org/10.1016/S0140-6736(24)00933-4
https://doi.org/10.1038/s41598-025-08634-7
https://doi.org/10.3389/fendo.2023.1307432
https://doi.org/10.1016/j.eclinm.2024.102873
https://doi.org/10.1016/j.jhazmat.2024.135319
https://doi.org/10.1097/CM9.0000000000003143
https://doi.org/10.1002/bimj.201500263
https://doi.org/10.3389/fendo.2022.905538
https://doi.org/10.3389/fendo.2022.905538
https://doi.org/10.1007/s00125-019-05040-3
https://doi.org/10.1210/er.2015-1137
https://doi.org/10.1136/bmj.38678.389583.7C
https://doi.org/10.1016/j.amepre.2012.08.006
https://doi.org/10.3389/fendo.2025.1538143
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Huang et al. 10.3389/fendo.2025.1538143
34. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global,
regional, and national prevalence of overweight and obesity in children and adults
during 1980-2013: a systematic analysis for the Global Burden of Disease Study 2013.
Lancet. (2014) 384:766–81. doi: 10.1016/S0140-6736(14)60460-8

35. Titmuss A, Korula S, Wicklow B, Nadeau KJ. Youth-onset type 2 diabetes: an
overview of pathophysiology, prognosis, prevention and management. Curr Diabetes
Rep. (2024) 24:183–95. doi: 10.1007/s11892-024-01546-2

36. Zou X, Zhou X, Ji L, Yang W, Lu J, Weng J, et al. The characteristics of newly
diagnosed adult early-onset diabetes: a population-based cross-sectional study. Sci Rep.
(2017) 7:46534. doi: 10.1038/srep46534

37. Lascar N, Brown J, Pattison H, Barnett AH, Bailey CJ, Bellary S. Type 2 diabetes
in adolescents and young adults. Lancet Diabetes Endocrinol. (2018) 6:69–80.
doi: 10.1016/S2213-8587(17)30186-9

38. Andersen JA, Rowland B, O’Connor G, Bing WI, Riklon S, Mendoza-Kabua P,
et al. Faith-based health screenings for Marshallese adults living in the Republic of the
Marshall Islands: Study design and results. Front Public Health. (2023) 11:1075763.
doi: 10.3389/fpubh.2023.1075763

39. Andersen JA, Rowland B, Gloster E, O’Connor G, Ioanna Bing W, Niedenthal J,
et al. Undiagnosed hypertension and type 2 diabetes mellitus among Marshallese adults
in the Republic of the Marshall Islands. J Med Access. (2024) 8:27550834231225159.
doi: 10.1177/27550834231225159

40. Romakin P, Mohammadnezhad M. Patient-related factors associated with poor
glycaemic control among patients with type 2 diabetes mellitus. Aust J Gen Pract.
(2019) 48:557–63. doi: 10.31128/AJGP-02-19-4859

41. Aravindhan A, Fenwick EK, Chan AWD, Man REK, Tan NC, Wong WT, et al.
Extending the diabetic retinopathy screening intervals in Singapore: methodology and
preliminary findings of a cohort study. BMC Public Health. (2024) 24:786. doi: 10.1186/
s12889-024-18287-2

42. Tan NC, Tyagi S, Lee CS, Koh EYL, Goh KLS, Gong PP, et al. Effectiveness of an
algorithm-driven home telemonitoring system on the metabolic control and self-care
behaviour of Asian adults with type-2 diabetes mellitus: A randomised controlled trial. J
Telemed Telecare. (2025) 31(4):523–33. doi: 10.1177/1357633X231203490

43. Chaput JP, Janssen I, Lang JJ, Sampasa-Kanyinga H. Economic burden of
excessive sedentary behaviour in Canada. Can J Public Health. (2023) 114:165–74.
doi: 10.17269/s41997-022-00729-2

44. Wu T, Feng H, He M, Yue R, Wu S. Efficacy of artemisinin and its derivatives in
animal models of type 2 diabetes mellitus: A systematic review and meta-analysis.
Pharmacol Res. (2022) 175:105994. doi: 10.1016/j.phrs.2021.105994

45. Wang L, Xin Q, Wang Y, Chen Z, Yuan R, Miao Y, et al. Efficacy and safety of
liraglutide in type 2 diabetes mellitus patients complicated with coronary artery disease:
Frontiers in Endocrinology 13
A systematic review and meta-analysis of randomized controlled trials. Pharmacol Res.
(2021) 171:105765. doi: 10.1016/j.phrs.2021.105765

46. Kong W, Zhang J, Xu Y, Li L, Li Q, Yang L, et al. Letter to the Editor:
Fasting plasma glucose associated with mortality rate in T2DM patients with
COVID-19 infection. Metabolism. (2020) 108:154255. doi: 10.1016/j.metabol.2020.
154255

47. Oyama K, Raz I, Cahn A, Kuder J, Murphy SA, Bhatt DL, et al. Obesity and
effects of dapagliflozin on cardiovascular and renal outcomes in patients with type 2
diabetes mellitus in the DECLARE-TIMI 58 trial. Eur Heart J. (2022) 43:2958–67.
doi: 10.1093/eurheartj/ehab530

48. Zhou Y, Chai X, Yang G, Sun X, Xing Z. Changes in body mass index and waist
circumference and heart failure in type 2 diabetes mellitus. Front Endocrinol
(Lausanne). (2023) 14:1305839. doi: 10.3389/fendo.2023.1305839

49. Brown O, Costanzo P, Clark AL, Condorelli G, Cleland JGF, Sathyapalan T,
et al. Relationship between a single measurement at baseline of body mass index,
glycated hemoglobin, and the risk of mortality and cardiovascular morbidity in type 2
diabetes mellitus. Cardiovasc Endocrinol Metab. (2020) 9:177–82. doi: 10.1097/
XCE.0000000000000202

50. Guo T, Cheng X, Wei J, Chen S, Zhang Y, Lin S, et al. Unveiling causal
connections: Long-term particulate matter exposure and type 2 diabetes mellitus
mortality in Southern China. Ecotoxicol Environ Saf. (2024) 274:116212. doi: 10.1016/
j.ecoenv.2024.116212

51. Liang YY, He Y, Huang P, Feng H, Li H, Ai S, et al. Accelerometer-measured
physical activity, sedentary behavior, and incidence of macrovascular and
microvascular events in individuals with type 2 diabetes mellitus and prediabetes. J
Sport Health Sci. (2024) 14:100973. doi: 10.1016/j.jshs.2024.100973

52. Navratilova HF, Lanham-New S, Whetton AD, Geifman N. Associations of diet
with health outcomes in the UK biobank: A systematic review. Nutrients. (2024) 16
(4):523. doi: 10.3390/nu16040523

53. Lam BQ, Srivastava R, Morvant J, Shankar S, Srivastava RK. Association of
diabetes mellitus and alcohol abuse with cancer: molecular mechanisms and clinical
significance. Cells. (2021) 10(11):3077. doi: 10.3390/cells10113077

54. Alcaraz A, Bardach AE, Espinola N, Perelli L, Rodriguez Cairoli F, La Foucade A,
et al. Health and economic burden of disease of sugar-sweetened beverage consumption
in four Latin American and Caribbean countries: a modelling study. BMJ Open. (2023)
13:e062809. doi: 10.1136/bmjopen-2022-062809

55. Wang J, Wei Y, Galizzi MM, Kwan HS, Zee BCY, Fung H, et al. Evaluating the
impact of sugar-sweetened beverages tax on overweight, obesity, and type 2 diabetes in
an affluent Asian setting: A willingness-to-pay survey and simulation analysis. Prev
Med. (2024) 184:107994. doi: 10.1016/j.ypmed.2024.107994
frontiersin.org

https://doi.org/10.1016/S0140-6736(14)60460-8
https://doi.org/10.1007/s11892-024-01546-2
https://doi.org/10.1038/srep46534
https://doi.org/10.1016/S2213-8587(17)30186-9
https://doi.org/10.3389/fpubh.2023.1075763
https://doi.org/10.1177/27550834231225159
https://doi.org/10.31128/AJGP-02-19-4859
https://doi.org/10.1186/s12889-024-18287-2
https://doi.org/10.1186/s12889-024-18287-2
https://doi.org/10.1177/1357633X231203490
https://doi.org/10.17269/s41997-022-00729-2
https://doi.org/10.1016/j.phrs.2021.105994
https://doi.org/10.1016/j.phrs.2021.105765
https://doi.org/10.1016/j.metabol.2020.154255
https://doi.org/10.1016/j.metabol.2020.154255
https://doi.org/10.1093/eurheartj/ehab530
https://doi.org/10.3389/fendo.2023.1305839
https://doi.org/10.1097/XCE.0000000000000202
https://doi.org/10.1097/XCE.0000000000000202
https://doi.org/10.1016/j.ecoenv.2024.116212
https://doi.org/10.1016/j.ecoenv.2024.116212
https://doi.org/10.1016/j.jshs.2024.100973
https://doi.org/10.3390/nu16040523
https://doi.org/10.3390/cells10113077
https://doi.org/10.1136/bmjopen-2022-062809
https://doi.org/10.1016/j.ypmed.2024.107994
https://doi.org/10.3389/fendo.2025.1538143
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Global burden and risk factors of type 2 diabetes mellitus from 1990 to 2021, with forecasts to 2050
	1 Introduction
	2 Methods
	2.1 Data source
	2.2 Definition of T2DM
	2.3 Definition, role, and quintile classification of the sociodemographic index value
	2.4 Decomposition analysis
	2.5 Attributable risk factors and population attributable fraction
	2.6 Impact of attributable risk factors on the future burden of T2DM
	2.7 Statistical analysis

	3 Results
	3.1 Global burden and trends of T2DM
	3.2 Gender and age patterns in the global burden and trends of T2DM
	3.3 Variations in the global burden and trends of T2DM across different regions and nations
	3.3.1 Analysis by SDI regions
	3.3.2 Analysis of 21 GBD regions
	3.3.3 National-level analysis

	3.4 Decomposition analysis of T2DM burden
	3.5 Analysis of attributable risk factors for T2DM
	3.6 Prediction of ASMR and ASDR for T2DM by 2050 based on important risk factors

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


