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Background

To predict global spatiotemporal trends and influencing factors of type 2 diabetes mellitus (T2DM) mortality.





Materials and methods

Based on the Global Burden of Disease 2021 database, we utilized the Bayesian Age-Period-Cohort model to predict the age-standardized mortality rate (ASMR) of T2DM in 2022–2040. The common spatial pattern and risk factors were forecasted using the Bayesian spatiotemporal model. Decomposition analysis determined the contribution of influencing factors to T2DM deaths. Frontier analysis estimated the gaps between countries and the potential to reduce ASMR.





Results

The global deaths of T2DM have been growing, with ASMR showing an increasing and then gradually decreasing trend in 1990–2040 (AAPC1990–2021, 0.31 [0.21–0.42]; AAPC2022–2040, −0.16 [−0.17 to −0.15]), and they are projected to reach 2,756,631 and 18.63 (8.82–28.43) per 100,000 person by 2040, respectively. The ASMR of males is always higher than that of females except Eastern Mediterranean and increases fastest in the 15–49-year group. South-East Asia will have the largest number of deaths (1,035,666 in 2040) and the fastest growth (AAPC2022–2040, 0.22 [0.216–0.228]) in 2022–2040, but Africa will always have the highest ASMR. Age structure contributes more than 58.80% to the increase in deaths except Africa. There are 72 countries with a higher ASMR in 2040 compared to 2021, and 86 countries will have a heavier burden in 2022–2040. High-middle SDI countries have a higher ASMR with huge potential to reduce them.





Conclusions

The global deaths of T2DM have been growing, Africa will always have the highest ASMR. Age structure will be the main factor influencing T2DM mortality across regions.
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1 Introduction

Diabetes mellitus is the fastest-growing health emergency of the 21st century. According to the World Health Statistics Report for 2023, in 2019 alone, diabetes mellitus caused the deaths of 2 million people worldwide, with type 2 diabetes mellitus (T2DM) being predominant (1). Currently, there are more than 500 million patients with diabetes mellitus globally, which is projected to reach 1.3 billion by 2050 (2). According to the IDF Diabetes Atlas report, in 2021, global healthcare expenditure for diabetes mellitus amounted to a staggering $966 billion, accounting for 9% of total global health expenditure (3). More than 80% of T2DM patients reside in low- and middle-income countries (4). The burden of this disease remains high, posing major challenges for individuals, families, and societies (5).

The burden of T2DM is primarily determined by risk factors, with varying contributions according to region (6–8). Obesity, high fasting glucose, unhealthy lifestyle, dietary habits, air pollution, and smoking are all major risk factors driving the increase in T2DM (9). Dysfunctions in sugar and lipid metabolism affect vascular integrity and supply, resulting in macrovascular and microvascular disorders, organ dysfunction, and premature death (4). Patients with T2DM have a two- to fourfold higher risk of death and cardiovascular events than the general population (10). The right care and services can go a long way in preventing T2DM and death. Collectively, the manifestations of diabetes mellitus result in enormous human suffering and huge economic costs. Studying the risk factors and disease burden of diabetes mellitus mortality is important for optimizing the allocation of medical resources. This study aims to evaluate the spatiotemporal changes in age-standardized mortality rates (ASMR) of T2DM across 204 countries and regions from 1990 to 2040, and to explore the impacts of different influencing factors on the burden of ASMR and deaths.




2 Materials and methods



2.1 Study design, setting, and population

We obtained ASMR per 100,000 population from Global Burden of Disease (GBD) 2021 for six World Health Organization (WHO) regions and 204 countries and territories globally from 1990 to 2021,disaggregated by sex and age groups (15–49 years, 50–74 years, and ≥75 years). The GBD database covers epidemiological data for 369 diseases and 87 attributable risk factors in all member countries of the WHO. GBD used the Cause of Death Ensemble model (CODEm) to predict diabetes mellitus mortality rates (11).




2.2 Definition and data sources

The projected demographic data of the six WHO regions were from the population module World Population Prospects 2022 (https://population.un.org/wpp/) of the United Nation official website. We downloaded the exposure value of high fasting plasma glucose (HFPG) from GBD 2021. GBD defines HFPG as fasting blood glucose ≥7 mmol/L. We also obtained sociodemographic index (SDI) from GBD 2021, which was used to measure the level of social and economic development of a country or region. Segi’s world standard population was used to calculate the age-standardized rates in GBD 2021.




2.3 Statistical analyses

We used the Bayesian Age-Period-Cohort (BAPC) model to predict the ASMR for different regions and countries as well as deaths by region in 2022–2040. The average annual percent change (AAPC) in ASMR during 1990–2021 and 2022–2040 was measured using the Joinpoint regression model. The Bayesian spatiotemporal model characterized the common spatiotemporal trends of ASMR across countries during 1990–2040.

Decomposition analysis was used to determine the contribution of age structure, population growth, and epidemiological variations to the change of deaths. We also quantified the impact of SDI and HFPG on ASMR by region using the Bayesian spatiotemporal model, where the HFPG and SDI for 2022–2040 per country were predicted by the Auto-ARIMA and Prophet models. Frontier analysis utilized the SDI as a measure of development level for countries to assess the ASMR in 2021 and 2040. Moreover, countries with a similar SDI were compared to get the gap between them and find the lowest achievable AMSR for them. The uncertainty intervals (UI) were calculated by Markov chain Monte Carlo (MCMC). Further details regarding the models can be found in the Supplementary Materials. All statistical analyses were conducted using R (version 4.4.0).





3 Results



3.1 The overall deaths and ASMR for type 2 diabetes mellitus, 1990–2040

The global number of deaths due to T2DM has been rising from 632,322 (95% UI, 596,870–662,082) in 1990 to 1,608,123 (1,493,438–1,708,294) in 2021 and is projected to be 2,756,631 in 2040 (Supplementary Table S1). However, the ASMR increased from 17.33 (16.20–18.18) per 100,000 person in 1990 to 19.02 (17.57–20.20) in 2021 and is projected to decrease to 18.63 (8.82–28.43) in 2040 (Supplementary Table S2). The AAPC values of ASMR are 0.31 (0.21–0.42) in 1990–2021 and −0.16 (−0.17 to −0.15) in 2022–2040, which also show an increasing and then gradually decreasing trend over 1990–2040 (Figure 1a). The ASMR of men is always higher than that of women (20.27 vs. 18.03 in 2021, 20.30 vs.17.29 in 2040) and has an AAPC of 0.45 (0.32–0.58) twice as high as that of women in 1990–2021. It will remain stable for men (AAPC2022–2040, −0.05 [−0.07 to −0.04]) but slowly decline for women (AAPC2022–2040, −0.26 [−0.27 to −0.24]) in 2022–2040 (Figures 1b, c). In terms of age, the ≥75-year group has the largest ASMR and its ASMR is more than 100 times higher than those in the 15–49-year group in 2021 (237.96 vs. 2.32), projected to reach 237.48 (133.44–389.07) by 2040. However, the 15–49-year group for males is still a concern (AAPC1990–2021, 0.57 [0.46–0.67]; AAPC2022–2040, 0.48 [0.44–0.52]), which is the fastest growing compared to other age groups (Figures 1d–l).

[image: Twelve line graphs display age-standardized mortality rates per 100,000 people from 1990 to 2040 across different regions: African, Eastern Mediterranean, European, Americas, South-East Asia, and Western Pacific. The graphs are categorized by age and gender: all ages, 15-49, 50-74, and over 75 years old, including specific graphs for males and females. Notable trends include varying rates among regions, with distinct patterns for each demographic group observed across the graphs.]
Figure 1 | Temporal trends of T2DM age-standardized mortality rates in 1990–2040, stratified by sex, age, and region. (a) All ages, (b) all ages of females, (c) all ages of males, (d) 15–49 years old, (e) 15–49 years old of females, (f) 15–49 years old of males, (g) 50–74 years old, (h) 50–74 years old of females, (i) 50–74 years old of males, (j) ≥75 years old, (k) ≥75 years old of females, (l) ≥75 years old of males.




3.2 The deaths and ASMR for type 2 diabetes mellitus by region, 1990–2040

Regionally, the number of deaths increases in all six regions throughout the period 1990–2040. South-East Asia has the largest number of deaths and gradually increases, projected to rise from 491,202 (445,841–540,161) in 2021 to 1,035,666 in 2040 (37.57% of global deaths, Supplementary Table S1), while the Eastern Mediterranean remains at a lower level. As for ASMR, Figure 1a indicates that Africa, South-East Asia, the Americas, and the Eastern Mediterranean regions have higher ASMRs than the global in the period 1990–2040, and Africa consistently has the highest ASMR reaching 41.68 (25.65–57.72) per 100,000 persons in 2040. The fastest growth of ASMR in 1990–2021 is in Eastern Mediterranean (AAPC1990–2021, 1.30 [1.19–1.41]) reaching 34.87 (15.00–54.73) until 2021, but in 2022–2040 it is in South-East Asia (AAPC2022–2040, 0.22 [0.216–0.228]) reaching 32.26 (9.78–54.74) by 2040 (Supplementary Table S2). Males have a significantly higher ASMR than females in the Africa and the Americas, with the same phenomenon in all three age groups. Notably, there is an opposite situation in the Eastern Mediterranean region, where the female ASMR is 1.20 times higher than the male ASMR (Figures 1b, c). Regardless of region and gender, the ≥75-year group has the largest ASMR, projected to remain the largest at 568.50 (386.57–808.57) in Africa by 2040, and except for a slight decline in Africa and Europe, all regions will continue to rise in the future especially South-East Asia. The 15–49- and 50–74-year groups have the fastest growth rates for both sexes in the Eastern Mediterranean until 2021 and are projected to have the largest ASMRs for females in this region in 2040. However, they will grow fastest in the Western Pacific and the Americas during 2022–2040, respectively (Figures 1d–l).




3.3 The influencing factors for type 2 diabetes mellitus mortality by region

Based on T2DM deaths, we evaluate the effects of age structure, population growth, and epidemiological changes. Age structure (48.04%) and population growth (41.96%) were the main factors leading to the increase in global deaths from 1990 to 2021. Population growth contributed the most to deaths in Africa (88.04%) and Eastern Mediterranean (52.64%), while the largest contribution was from age structure in other regions (Figure 2a, Supplementary Table S3). Except Africa, the contribution of age structure is projected to increase, remaining the largest contributor and more than 58.80% to the increase in deaths globally and elsewhere in 2022–2040. Epidemiologic changes will lead to an increase (8.67%) in deaths in the Western Pacific region but a 10.05% decrease in Africa, which means that the mortality situation in Africa will be improved (Figure 2b). In general, except Africa, the change in age structure is still the most important cause of increase in deaths.

[image: Bar charts depicting changes in total deaths by region. Chart (a) shows changes from 1990 to 2021, while chart (b) shows changes from 2022 to 2040. Factors include age structure (green), population growth (blue), and epidemiologic changes (yellow). The global region shows the greatest increase in deaths, mostly due to population growth and age structure. Other regions, like South-East Asia and Western Pacific, also show significant changes.]
Figure 2 | Contributions of population growth, age structure, and epidemiological changes to the increase in T2DM deaths globally and in six regions. (a) 1990–2021 and (b) 2022–2040. Black dots represent the growth in deaths during the two time periods. The magnitude of a positive value indicates a corresponding increase in deaths attributed to the component, and the magnitude of a negative value indicates a corresponding decrease in deaths attributed to the related component.

Furthermore, we explore the effects of HFPG and SDI (Supplementary Table S4, Supplementary Table S5) in ASMR. Over 1990–2021, ASMR is positively associated with HFPG and negatively associated with SDI, and the effect of HFPG is greater than that of SDI in ASMR. The global ASMR increased by 20.88 (19.52–22.25) for each unit increase in HFPG, while it decreased by 18.27 (19.26–17.28) for each unit increase in SDI. The effects of HFPG and SDI in ASMR were most pronounced in the Western Pacific 23.20 (20.60–25.79) and the Americas −25.04 (−28.22 to −21.85), respectively. Based on the results from 1990 to 2040, it can be estimated that their impact will be reduced except for the impact of HFPG on Europe in 2022–2040, and Europe must seek measures to control this situation (Table 1).


Table 1 | Impact of high fasting plasma glucose and sociodemographic index in type 2 diabetes mellitus mortality.
	Region
	Countries
	High fasting plasma glucose
	Sociodemographic index
	Interaction term


	1990–2021
	1990–2040
	1990–2021
	1990–2040
	1990–2021
	1990–2040



	Global
	202
	20.88
(19.52–22.25)
	13.31
(12.34–14.28)
	−18.27
(−19.26 to −17.28)
	−12.53
(−13.35 to −11.70)
	−7.69
(−8.27 to −7.10)
	−5.85
(−6.24 to −5.47)


	Africa
	47
	17.53
(15.04–20.03)
	9.05
(7.31–10.79)
	−4.79
(−7.42 to −2.18)
	−1.86
(−3.68 to −0.04)
	1.94
(0.51–3.37)
	−1.55
(−2.47 to −0.64)


	Eastern Mediterranean
	21
	5.77
(3.23–8.31)
	1.61
(-0.44–3.66)
	−2.68
(−5.52–0.15)
	4.72
(2.50–6.94)
	−3.39
(−4.60 to −2.19)
	−6.20
(−7.04 to −5.37)


	Europe
	55
	21.43
(18.45–24.42)
	27.37
(25.17–29.58)
	−24.36
(−25.74 to −22.99)
	−22.30
(−23.52 to −21.09)
	−11.56
(−13.86 to −9.26)
	−10.35
(−11.82 to −8.88)


	Americas
	39
	20.82
(17.31–24.34)
	3.00
(0.38–5.61)
	−25.04
(−28.22 to −21.85)
	−4.71
(−6.97 to −2.44)
	−15.76
(−17.40 to −14.12)
	−4.54
(−5.60 to −3.48)


	South-East Asia
	11
	16.67
(10.03–23.32)
	16.02
(11.82–20.24)
	−9.42
(−14.28 to −4.56)
	−1.87
(−4.93–1.18)
	1.76
(−2.77–6.29)
	2.61
(0.14–5.09)


	Western Pacific
	29
	23.20
(20.60–25.79)
	17.09
(15.01–19.17)
	−15.31
(−18.18 to −12.44)
	−3.73
(−5.77 to −1.70)
	−6.21
(−7.37 to −5.05)
	−6.34
(−7.15 to −5.53)





Coefficients are posterior means (95% uncertainty intervals) from the Bayesian model. Negative/positive values indicate protective/risk effects, respectively.






3.4 The ASMR for type 2 diabetes mellitus by country, 1990–2040

ASMR has significant variation across the world in 2021 and 2040. Countries in central and southern Africa, South-East Asia, and Central America have high ASMRs, contrasting with Canada, China, Japan, and some European countries (Supplementary Figure S1). There are 72 (35.29%) countries with a higher ASMR in 2040, 13 of which have increases over 10, with the largest increase in Saint Lucia (57.11 vs. 91.30, Supplementary Table S6). By SDI, middle and high-middle SDI countries have a large ASMR; there are huge gaps between them for middle SDI countries in 2021 and for high-middle SDI countries in 2040, such as Fiji and Albania (265.22 vs. 4.67; 254.72 vs. 4.09), suggesting that there is greater potential to reduce ASMR in these countries (e.g., Fiji can reduce to 8.15 in 2021 and 5.62 in 2040) if they make full use of the SDI (Figures 3a, b, Supplementary Table S7). Furthermore, 12 countries including Singapore will be the top performers in their SDI areas in 2040, but Timor-Leste, Kyrgyzstan, and Japan among the top 10 performers in 2021 will need to work hard in 2040.

[image: Two scatter plots titled “a” and “b” display the relationship between age-standardized mortality rate (ASMR) per 100,000 and the socio- demographic index (SDI) in 2021 and 2040. Both plots show data points divided into categories according to SDI from low to high. The solid black line represents the optimal ASMR corresponding to each SDI, with a gap between the actual and optimal values. Specific countries like Somalia, Yemen, Fiji, and Japan are labeled. The vertical axis represents mortality rates, while the horizontal axis represents the socio demographic index.]
Figure 3 | Frontier analysis based on sociodemographic index and age-standardized mortality rate for T2DM in (a) 2021 and (b) 2040. The black solid line represents the frontier line (optimal age-standardized mortality rate corresponding to each sociodemographic index), light purple dots represent the (predicted) ASMR for each country in 2021 or 2040, dark-blue dots represent countries where the ASMR are near the front line, and red dots represent the top 10 countries with the greatest effective differences.

The common spatial distributions over the entire periods 1990–2021 and 2022–2040 are also different; the global average levels of 1990–2021 and 2022–2040 are 31.03 (29.37–32.71) and 28.60 (26.88–30.33), respectively. In 1990–2021, island countries such as Fiji (255.13) and Kiribati (172.03) had the highest ASMR, while countries such as Japan (3.31) and Ukraine (3.37) had very low ASMR. During 2022–2040, island countries and South Africa (79.15) showing dark blue in Figure 4a will keep the higher ASMR, while San Marino (1.02) and Singapore (1.32) will have the lowest ASMR. Moreover, 86 (42.16%) countries globally will have a heavier mortality burden of T2DM in 2022–2040 by about 1.2 times as much as in 1990–2021 (Supplementary Table S6). They are mainly located in northern Africa and South-East Asia, with the greatest increase occurring in Kiribati (16.17) (Figure 4b). T2DM mortality in these countries will worsen in the future or the effects of the measures implemented will not be strong enough.

[image: Four world maps depict data differences related to age-standardized mortality rates (ASMR) and annual average percent change (AAPC) from 1990 to 2040. Map (a) shows the difference between country and global average ASMR in 2022–2040, with values ranging from -27.6 to 231.2. Map (b) illustrates the difference in country's ASMR between 1990–2021 and 2022–2040, ranging from -53.1 to 16.2. Map (c) represents AAPC from 1990–2021, with values ranging from -15.7 to 4.84. Map (d) displays AAPC from 2022–2040, within the same range. The maps use a color scale from light to dark shades.]
Figure 4 | The common spatial pattern and the AAPC of T2DM age-standardized mortality rates across countries. (a) The common spatial pattern represents the difference in ASMR of the country compared to the global average level throughout 2022–2040. (b) The difference in a country’s ASMR between the periods 1990–2021 and 2022–2040. (c) The AAPC in 1990–2021. (d) The AAPC in 2022–2040.

The growth trends of ASMR in 1990–2021 and 2022–2040 are markedly different. In 1990–2021, 126 (61.76%) countries showed an increase in ASMR with Russia growing the fastest (AAPC1990–2021, 4.8 [3.17–6.53]) (Figure 4c, Supplementary Table S6). Still, 66 (32.35%) countries show a growing trend in ASMR and the top five fastest-growing countries are Malta (AAPC2022–2040, 3.50 [3.41–3.58]), Costa Rica 3.18 (2.95–3.42), Saint Lucia 2.66 (2.62–2.70), Malaysia 2.61 (2.59–2.64), and N. Mariana Is. 2.36 (2.33–2.38) in 2022–2040 (Supplementary Table S6). Meanwhile, 22 countries show completely opposite ASMR trends in the two periods and are growing in 2022–2040, with Malta, Saint Lucia, Japan (AAPC2022–2040, 0.29 [0.26–0.33]), Colombia 2.229 (2.228–2.23), and Malaysia in particular requiring special attention (Figure 4d, Supplementary Table S6). These countries must give high priority to the situation and explore the reasons for the resurgence of ASMR in T2DM.





4 Discussion

This study conducted an in-depth analysis of the temporal trends, spatial patterns, and impact of influencing factors on deaths and ASMR of T2DM in 204 countries and regions globally from 1990 to 2040. The global number of deaths due to T2DM shows an increasing trend over 1990–2040. The ASMR for T2DM shows an increasing and then gradually decreasing trend over 1990–2040. The mortality burden is higher in males than in females, with the highest mortality rate observed in the elderly population. The burden of mortality is increasing most rapidly among young males. Africa consistently had the highest ASMR over 1990–2040. The South-East Asian region has both the highest mortality number of deaths and the fastest increasing trend in ASMR in 2022–2040. The increase in deaths is mainly driven by age structure. Additionally, HFPG and SDI are influential factors affecting mortality rates, particularly evident in the Western Pacific and the Americas. In fact, over the past 20 years, the global ASMR of T2DM has remained at a relatively high level, with a more significant increase observed in males (5). Studies have also shown that diabetes mellitus has become one of the main causes of disability worldwide for people aged 50 and above (12). These are consistent with our findings. Although the global mortality burden showed an upward trend from 1990 to 2021, it is expected to decline from 2022 to 2040, which may be attributed to advancements in medical technology, early intervention for diabetes mellitus, and strengthened health education. Notably, the ASMR of T2DM in the 15–49 age group for males is still a concern. This indicates that early-onset T2DM has become an increasingly serious global health issue among adolescents and young adults (13). Additionally, the higher ASMR observed among females in the Eastern Mediterranean region may reflect gender disparities in healthcare access, cultural and socioeconomic constraints, and potential differences in disease awareness or exposure to risk factors (14).

There are socioeconomic disparities in the risk of diabetes mellitus-related mortality, with low- and middle-income countries bearing an increasing burden of diabetes mellitus and untreated diabetes mellitus. Patients with diabetes mellitus in low-income regions face higher mortality risks compared to those in high-income regions (15). This may be because, in most countries, especially low- and middle-income ones, access to diabetes mellitus treatment has not increased (or has not sufficiently increased relative to the rising prevalence) (16). This implies that a large number of diabetes mellitus patients in these areas are at significant risk of severe complications. We found that the highest mortality burden of diabetes mellitus is in Africa. This may be due to the fact that in most African countries, the cost of diabetes mellitus care exceeds the financial capacity of individuals, families, and governments (17). While Africa has made significant efforts over the past few decades to eliminate and control diseases and improve healthcare services, issues with diabetes mellitus diagnosis persist, with many individuals unaware they have the disease, particularly those with T2DM, who can live for extended periods without complications (18). The lack of adequate healthcare infrastructure and resources exacerbates the situation, contributing to the high mortality burden. The fastest-growing region for T2DM ASMR is expected to be South-East Asia. On the one hand, this may be due to the large number of people with impaired fasting blood sugar in South-East Asia. On the other hand, it may be related to the lower health expenditures for diabetes mellitus in South-East Asia (3). Expanding health insurance and primary healthcare, developing diabetes mellitus response plans, and adjusting healthcare services could be useful in reducing diabetes mellitus-related mortality.

The improvement of social development level is associated with the reduction of burden of T2DM. The non-communicable disease (NCD) Countdown 2030 report indicates that the global decline in diabetes mellitus-related ASMR is progressing too slowly, and in many countries, it may even be worsening to the extent that achieving the United Nations Sustainable Development Goals of reducing overall non-communicable disease ASMR by one-third by 2030 may not be feasible (19, 20). However, in many countries with a high-middle SDI, the ASMR remains significantly higher and has a lot of room for improvement. We found that age structure and population growth are the main factors contributing to the increasing absolute number of deaths of T2DM, which is mainly attributed to increasing life expectancy and the aging of the global population. The number of elderly people suffering from T2DM is still rapidly increasing, and elderly patients are highly heterogeneous, often complicated by multiple complications, and their management is complex (21). The latest report shows that by 2050, the elderly population is expected to account for more than 16% of the global population (22). Over the past three decades, for every one-unit increase in the global high fasting glucose exposure rate, the mortality rate increased by 20.9 per 100,000 individuals. It is estimated that during the period from 2022 to 2040, the impact of high fasting blood glucose in Europe will increase. Elevated levels of glycated hemoglobin beyond the target range serve as strong predictors of cardiovascular events in T2DM patients, indicating the significance of glycemic disorders in the ASMR of T2DM (23). A study conducted in the United States indicated that between 1990 and 2019, there was an increase in population of ASMR attributed to hyperglycemic crises (24). Therefore, it is recommended that individuals with T2DM aim to promptly control their blood sugar levels in the early stages of the disease, as this is crucial for reducing complications and lowering the risk of mortality (25). Increasing specific, evidence-based intervention measures in high-burden areas, such as implementing community-based screening programs and strengthening primary care management in high-burden areas, can help address the identified gaps (26).

This study also had some limitations. First, there were limitations of the GBD data itself, such as the shortage and sparseness of data for many countries and some age subgroups, although the data still encompassed more than 80% of countries and regions reporting GBD. Second, deaths in 2020 and 2021 may be affected by the COVID-19 pandemic, which will impact the projections. Third, we relied on diabetes mellitus registration system diagnosis, so our estimates were affected by differences in diagnostic practices across regions, differences in interoperability with international systems, insufficient coding rules, incomplete availability of codes, and difficulties in diagnosing comorbidities associated with these codes. Additionally, as future trends in T2DM mortality may be shaped by evolving healthcare systems, intervention strategies, and risk factor dynamics, our projections should be viewed as indicative estimates based on past patterns rather than definitive predictions. Finally, compared with the recent study by Zhou et al., which also used GBD 2021 data to project global and cross-SDI trends in T2DM-related mortality and DALYs, our analysis differs in modeling approach, decomposition framework, and regional focus, which may explain the observed similarities and discrepancies in the results (27).




5 Conclusion

The global mortality burden of T2DM is expected to remain concentrated in low- and middle-income countries in the future, with the death burden in both youth and elderly populations continuing to increase. Factors such as population aging, social development levels, and fasting blood glucose levels all influence the mortality burden. In conclusion, T2DM will continue to pose a threat to the global burden of non-communicable diseases, and we need to adjust healthcare services and provide healthcare resources to further reduce the mortality burden of T2DM.





Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: The datasets generated during and analyzed in the current study are available in the Global Health Data Exchange, http://ghdx.healthdata.org/gbd-2021/data-input-sources.





Ethics statement

Written informed consent was not obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article because Since all data from the Global Burden of Disease 2021 database publicly available and completely de-identified, the study did not need approval from the institutional review board.






Author contributions

YZ: Methodology, Writing – original draft, Conceptualization, Formal Analysis. HD: Conceptualization, Methodology, Formal Analysis, Writing – original draft. JZ: Project administration, Writing – review & editing, Supervision. YD: Methodology, Data curation, Writing – review & editing. JT: Writing – review & editing, Methodology, Data curation. ZY: Methodology, Writing – review & editing, Data curation. YJ: Data curation, Writing – review & editing, Methodology. XC: Data curation, Writing – review & editing, Methodology. LZ: Supervision, Writing – review & editing, Project administration. FJ: Conceptualization, Project administration, Writing – review & editing, Supervision. YW: Project administration, Supervision, Writing – review & editing, Conceptualization.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. The study was supported by the National Natural Science Foundation of China (12471470) the Fundamental Research Funds for the Central Universities (xtr062023003) and the Health and Wellness Scientific Research and Innovation Project of Shaanxi Province (2025TD-09). The funders had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.




Acknowledgments

The authors thank all GBD Study 2021 collaborators.





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.

The reviewer GF declared a past co-authorship with the author FJ to the handling editor.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2025.1601089/full#supplementary-material




Abbreviations

GBD, Global Burden of Disease; T2DM, type 2 diabetes mellitus; ASMR, age-standardized mortality rate; WHO, World Health Organization; CODEm, Cause of Death Ensemble model; BAPC, Bayesian Age-Period-Cohort; AAPC, average annual percent change; SDI, sociodemographic index; HFPG, high fasting plasma glucose; UI, uncertainty intervals; MCMC, Markov Chain Monte Carlo; NCD, non-communicable disease.





References

	 World Health Organization (WHO). World health statistics 2023: monitoring health for the sdgs, sustainable development goals. Available online at: https://www.who.int/publications/i/item/9789240074323 (Accessed August 20, 2024).


	 Collaborators. GD. 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, PMID: 37356446


	 International Diabetes Federation. Idf diabetes atlas 2021 reports. Available online at: https://diabetesatlas.org/atlas/tenth-edition/ (Accessed August 20, 2024).


	 Chatterjee S, Khunti K, Davies MJ. Type 2 diabetes. Lancet. (2017) 389:2239–51. doi: 10.1016/s0140-6736(17)30058-2, PMID: 28190580


	 Chew NWS, Ng CH, Tan DJH, Kong G, Lin C, Chin YH, et al. The global burden of metabolic disease: data from 2000 to 2019. Cell Metab. (2023) 35:414–28.e3. doi: 10.1016/j.cmet.2023.02.003, PMID: 36889281


	 Bai J, Shi F, Ma Y, Yang D, Yu C, Cao J. The global burden of type 2 diabetes attributable to tobacco: A secondary analysis from the global burden of disease study 2019. Front Endocrinol (Lausanne). (2022) 13:905367. doi: 10.3389/fendo.2022.905367, PMID: 35937829


	 Collaborators. GDitA. 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. (2022) 10:655–67. doi: 10.1016/s2213-8587(22)00186-3, PMID: 35850129


	 Liu J, Bai R, Chai Z, Cooper ME, Zimmet PZ, Zhang L. Low- and middle-income countries demonstrate rapid growth of type 2 diabetes: an analysis based on global burden of disease 1990–2019 data. Diabetologia. (2022) 65:1339–52. doi: 10.1007/s00125-022-05713-6, PMID: 35587275


	 Collaborators. GDaAP. Estimates, trends, and drivers of the global burden of type 2 diabetes attributable to pm(2·5) air pollution, 1990-2019: an analysis of data from the global burden of disease study 2019. Lancet Planet Health. (2022) 6:e586–600. doi: 10.1016/s2542-5196(22)00122-x, PMID: 35809588


	 Rawshani A, Rawshani A, Franzén S, Eliasson B, Svensson AM, Miftaraj M, et al. Mortality and cardiovascular disease in type 1 and type 2 diabetes. N Engl J Med. (2017) 376:1407–18. doi: 10.1056/NEJMoa1608664, PMID: 28402770


	 Collaborators. GDaI. Global burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: A systematic analysis for the global burden of disease study 2019. Lancet. (2020) 396:1204–22. doi: 10.1016/s0140-6736(20)30925-9, PMID: 33069326


	 Collaborators. GD. Global age-sex-specific fertility, mortality, healthy life expectancy (Hale), and population estimates in 204 countries and territories, 1950-2019: A comprehensive demographic analysis for the global burden of disease study 2019. Lancet. (2020) 396:1160–203. doi: 10.1016/s0140-6736(20)30977-6, PMID: 33069325


	 Xie J, Wang M, Long Z, Ning H, Li J, Cao Y, et al. Global burden of type 2 diabetes in adolescents and young adults, 1990-2019: systematic analysis of the global burden of disease study 2019. Bmj. (2022) 379:e072385. doi: 10.1136/bmj-2022-072385, PMID: 36740855


	 Organization WH. Available online at: https://www.emro.who.int/media/news/strengthening-primary-health-care-to-achieve-universal-health-coverage-by-2030-in-the-eastern-mediterranean-region.html (Accessed August 20, 2024).


	 Rosella LC, Kornas K, Negatu E, Zhou L. Variations in all-cause mortality, premature mortality and cause-specific mortality among persons with diabetes in Ontario, Canada. BMJ Open Diabetes Res Care. (2023) 11(3):e003378. doi: 10.1136/bmjdrc-2023-003378, PMID: 37130629


	NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in diabetes prevalence and treatment from 1990 to 2022: A pooled analysis of 1108 population-representative studies with 141 million participants. Lancet. (2024) 404:2077–93. doi: 10.1016/s0140-6736(24)02317-1, PMID: 39549716


	 Kengne AP, June-Rose McHiza Z, Amoah AG, Mbanya JC. Cardiovascular diseases and diabetes as economic and developmental challenges in Africa. Prog Cardiovasc Dis. (2013) 56:302–13. doi: 10.1016/j.pcad.2013.10.011, PMID: 24267437


	 World Health Organization (WHO). Diabetes prevention, care challenges in Africa (17 November 2021.). Available online at: https://www.afro.who.int/news/diabetes-prevention-care-challenges-africa (Accessed August 20, 2024).


	 World Health Organization (WHO). Sdg target 3.4. Available online at: https://www.who.int/data/gho/data/themes/topics/sdg-target-3_4-noncommunicable-diseases-and-mental-health (Accessed August 20, 2024).


	 collaborators. NC. Ncd countdown 2030: pathways to achieving sustainable development goal target 3.4. Lancet. (2020) 396:918–34. doi: 10.1016/s0140-6736(20)31761-x, PMID: 32891217


	 Bellary S, Kyrou I, Brown JE, Bailey CJ. Type 2 diabetes mellitus in older adults: clinical considerations and management. Nat Rev Endocrinol. (2021) 17:534–48. doi: 10.1038/s41574-021-00512-2, PMID: 34172940


	 Affairs. UNDoEaS. World social report 2023: leaving no one behind in an ageing world. Available online at: https://www.un.org/development/desa/pd/ (Accessed August 20, 2024).



	 Rawshani A, Rawshani A, Franzén S, Sattar N, Eliasson B, Svensson AM, et al. Risk factors, mortality, and cardiovascular outcomes in patients with type 2 diabetes. N Engl J Med. (2018) 379:633–44. doi: 10.1056/NEJMoa1800256, PMID: 30110583


	 Crane MA, Lam A, Ekanayake E, Alshawkani YY, Christmas C, Gemmill A, et al. Mortality due to hyperglycemic crises in the US, 1999-2022. Jama. (2024) 331:440–2. doi: 10.1001/jama.2023.26174, PMID: 38206620


	 Lind M, Imberg H, Coleman RL, Nerman O, Holman RR. Historical hba(1c) values may explain the type 2 diabetes legacy effect: ukpds 88. Diabetes Care. (2021) 44:2231–7. doi: 10.2337/dc20-2439, PMID: 34244332


	 Liu Y, Cai C, Tian J, Shen L, Tang PY, Coufal MM, et al. Community-based peer support for diabetes management: 24-month changes relative to comparison communities. Diabetes Care. (2025) 48:807–15. doi: 10.2337/dc24-2748, PMID: 40163517


	 He KJ, Wang H, Xu J, Gong G, Liu X, Guan H. Global burden of type 2 diabetes mellitus from 1990 to 2021, with projections of prevalence to 2044: A systematic analysis across sdi levels for the global burden of disease study 2021. Front Endocrinol (Lausanne). (2024) 15:1501690. doi: 10.3389/fendo.2024.1501690, PMID: 39583961







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, 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.


Copyright © 2025 Zhang, Deng, Zu, Deng, Tan, Yang, Jiao, Cui, Zhang, Ji and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-16-1601089-g003.jpg
low-middle SDI

£
AM.
[+4]
-
Mu‘
E
- 4
2
< .
z .
* &
[7]
2 .
5 ges
® X Q8
s = ® =
™ 4 =
+ £
[
o .
[+
=
.

Japan Singapore

Ukraine

¢ 3
. w JPE
we | 8
u.- L4 -

‘e, |8
g

s

. . x

Yemen Tajikistan

low-SDI

&

8
1202 U 000'001 J0d a1 Ayruow pasipiepuns-oby

+ Somalia

................................................................. 1
18
P : e
a W 12
S . .
S £
o © . w2
+ 8 LS
W. s 0wy =
MR
- . Lo
3 . o D I o
z : . A ]
|||||||||||||||||||||||||||||||||||| P L L PP EPP PRSP B2
- = . 5 %
= 5 o .. [T
e 3 - e K]
||||| oSS E=asmsss ety
+ . B . « v = o
3 . R = <
g . c Nl
F Lo ) Lo m,
= 4 + - = =]
T = © . =
-] © = 3 =
= = ® - +T
3 2 2 . >
......................... - T S I + 2 o
¥ S § SreseEnsesnsens RS MW.:. mm
S . .
s R -1
o g
. s -3
5]
L g §
. . £ W
. . )
. : . ~ &] w

Qa &

8 °
0$02 U 000'004 J0d o Ayruow posipiepuRS-06y





OEBPS/Images/fendo-16-1601089-g001.jpg
= African Reglon * European Reglon * South-East Asla Reglon * World
+ Eastern Mediterranean Reglon -+ Reglon of the Americas + Western Pacific Reglon

a All ages b All ages of females
50 i
8
gg®
]
i
z ®
>
§% 20 ensentuRERRett i tataan X
E 10 “u“ﬂ"““:ll“uou-llﬂ:ﬂénuunuuuuu
R S g g I N -t It e P Ot g
d 15-49 yoars old of temales f 15-49 years old of males
5 5
g 4 4
S
g8
53 3
4
-
) 2 2
83
<3
0 : 1 ]
Gt L N g gt T R L ATt S Gt g AP e P
g 50-74 years old h 50-74 years old of females i 50-74 years oid of males
140 140 140 :
120 120 1z0] = eSS
8 100 100 " 100
B9 ez
3 5 & 80
H
% 'E 60 60
> L
E' !35 40 40 40 .
E FETE 4 TITY T LT TPOOORpeY sass

20

R R L P gt I L A ST ot Lt Lt S gt
k >= 75 years old of females I >= 75 years oid of males

600
500
400

300

200

Age-standardized
mortality rate per 100,000

100

ol o 5l o e} <] ) ) 9 o o “
L O PP PP PE SO PP BP0 5% 0 P 9
Year





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-16-1601089-g002.jpg
Region

Region

Global

South-East
Asia Region

Western
Pacific Region

Region of
the Americas

African
Region

Eastern Medite—
rranean Region

European
Region

Global

South-East
Asia Region

Western
Pacific Region

Region of
the Americas

African
Region

Eastern Medite-
rranean Region

European
Region

Factors [ Age structure [ Population growth [] Epidemiologic changes

Changes of total deaths in 1990-2021

Deaths (hundred thousand)





OEBPS/Images/fendo.2025.1601089_cover.jpg
& frontiers | Frontiers in Endocrinology

Global spatiotemporal trends and
influencing factors of type 2 diabetes
mellitus mortality: estimates and predictions
from 1990 to 2040





OEBPS/Images/fendo-16-1601089-g004.jpg
7.00

0
7.00~9.70

1.70~3.70

-53.10 ~ -5.70
~1.70
3.70

-5.70
0~1.

9.70 ~ 16.20

3
g

:
m

i






OEBPS/Images/table1.jpg
High fasting plasma glucose Sociodemographic index Interaction term

Countries
1990-2021 1990-2040 1990-2021 1990-2040 1990-2021 1990-2040
Gichd i 20588 1331 -1827 —12553 -7.69 585
o (19.52-22.25) (1234-1428) | (192610 -1728)  (-1335t0-1170)  (-827t0-7.10) | (~624 to-547)
) 1753 9.05 -479 186 194 -155
Africa 47
(15.04-20.03) (731-1079) (-74210-218)  (-3.68 to ~0.04) (051-3.37) (-247 to ~0.64)
Eastern 5 577 161 268 4 -339 620
Mediterranean (323-831) (-0.44-3.66) (-552-0.15) (2.50-6.94) (-460t0-219) | (-704 to -537)
N o 2143 2737 2436 2230 1156 -1035
LIope (18.45-24.42) (25.17-29.58) (<2574 to ~22.99) | (-23.52t0 -21.09) = (~13.86 to ~9.26) | (~11.82 to ~8.88)
P 5 2082 3.00 2504 471 -15.76 —454
mericas (17.31-24.34) (0.38-5.61) (-282210 -2185)  (-697to 244)  (-17.40 to ~14.12) | (-5.60 to ~3.48)
1667 1602 042 187 176 261
South-East Asi 1
. (10.03-23.32) (11.82-2024) (~1428 to ~4.56) (-493-118) (-2.77-629) (0.14-5.09)
2320 17.09 -1531 373 621 634
Western Pacifi 29
estern Facilie (20.60-25.79) (1501-19.07) | (-18.18to—1244)  (-577t0-170) = (-73710-505) | (-7.15t0-553)

Coefficients are posterior means (95% uncertainty intervals) from the Bayesian model. Negative/positive values indicate protective/risk effects, respectively.





