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Abstract 

Aim The aim of our study was to assess the impact of high body mass index (BMI) on type 2 diabetes mellitus (T2DM) 
in different Socio-Demographic Development Index (SDI) regions using data from the Global Burden of Disease (GBD) 
2021 study.

Methods Using data from the GBD study, the burden of disease for T2DM was measured by analyzing the age-
standardized disability-adjusted life year rate (ASDR) and age-standardized mortality rate (ASMR) for type 2 diabetes 
due to high BMI and the associated estimated annual percentage change (EAPC). Decomposition analyses, frontier 
analyses, and predictive models were used to analyze changes and influencing factors for each metric.

Results The study revealed the significant global health burden of T2DM induced by high BMI, which EAPC of 1.82 
with confidence intervals (CI) ranging from 1.78 to 1.87 for disability-adjusted life years (DALYs) and 0.85 with CIs rang-
ing from 0.77 to 0.93 for mortality. The results of the analysis emphasized the geographic variability of T2DM disease 
burden associated with SDI Within the area covered by the study, a decreasing trend in ASMR for T2DM was observed 
in high SDI areas, with an EAPC value of − 1.07 and a confidence interval ranging from − 1.39 to − 0.76. At the same 
time, in the other SDI areas, the ASMR and ASDR for T2DM showed an increasing trend. In addition, the study noted 
that individuals in the 65- to 75-year-old age group accounted for a higher proportion of T2DM-related deaths 
and DALYs, with females affected at a greater rate than males. Projections for future trends indicate that the ASDR 
and ASMR for T2DM are expected to continue an upward trajectory over the next decade.

Conclusion This study investigates the variation in T2DM burden attributable to high BMI across regions with dif-
ferent SDI levels. The analysis reveals that, in high-SDI regions, the ASMR decreased from 1990 to 2021 and stabilized 
around 4.4 deaths per 100,000 people, while the ASDR increased, reaching approximately 416 cases per 100,000 peo-
ple in 2021. Conversely, both ASDR and ASMR exhibited an upward trend in other SDI regions over the same period.
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Introduction
Type 2 diabetes mellitus (T2DM) is a widespread chronic 
disease that presents a significant global health chal-
lenge by increasing mortality risk and contributing sub-
stantially to disability [1]. Since 1990, the prevalence 
of T2DM has escalated from 3.2 to 6.1% in 2021, with 
projections indicating a further 59.7% increase by 2050, 
potentially affecting approximately 1.31 billion people 
worldwide[2]. Despite this, comprehensive research on 
the health burden associated with T2DM and elevated 
body mass index (BMI) remains limited. The Global Bur-
den of Disease (GBD) 2021 report synthesizes findings 
from previous studies to provide an updated evaluation 
of T2DM and its associated risk factors. Examining five 
different Sociodemographic Index (SDI) regions, the 
study assesses age-standardized mortality and disability-
adjusted life-year rates for T2DM attributed to high BMI 
in relation to SDI[3].

Among the numerous risk factors for T2DM, elevated 
BMI is a significant predisposing factor[4]. Currently, 
approximately 60% of adults worldwide are affected by 
overweight and obesity [5]. It is projected that annual 
global spending on overweight and obesity will reach $3 
trillion by 2030 and may exceed $18 trillion by 2060 [6]. 
A comprehensive understanding of the global burden of 
disease associated with high BMI-related T2DM, particu-
larly in terms of disability-adjusted life years (DALYs) and 
mortality, is crucial. This knowledge is essential for devel-
oping management strategies for obesity related T2DM 
and for rationalizing the allocation of related resources.

This study aims to address a research gap by quantify-
ing the impact of T2DM associated with high BMI on 
DALYs and mortality, utilizing data from the GBD for 
2021. The study encompasses the years 1990 to 2021 and 
assesses age-standardized DALYs and mortality rates for 
high BMI-associated T2DM across different SDI regions. 
Additionally, we examined the correlation between age-
standardized disability-adjusted life years (ASDR) and 
age-standardized mortality rates (ASMR) with the SDI 
using Pearson correlation analysis, and we projected 
ASDR and ASMR for high BMI-associated T2DM over 
the next decade.

Materials and methods
Overview and data sources
The GBD 2021 study is one of the most extensive and 
systematic analyses of global health to date, aiming to 
assess the health impacts of 369 specific diseases and 
injuries from 1990 to 2021 while tracking trends in these 
impacts. Additionally, it evaluates 87 diverse health risk 
factors. The GBD 2021 study spans 21 major regions 
and compiles data from 204 countries and territories. In 
its latest iteration, the study incorporates insights from 

over 3600 experts worldwide and utilizes data from 145 
countries to provide updated information on the inci-
dence, prevalence, mortality, and DALYs associated with 
369 diseases. For this research, we accessed data on the 
burden of T2DM related to high BMI using the Insti-
tute for Health Metrics and Evaluation’s (IHME) Online 
Outcomes Tool. The GBD 2021 study employs publicly 
accessible, anonymized data, eliminating the requirement 
for additional ethical review approval. This approach 
ensures both study transparency and participant privacy 
protection.

Autoregressive integrated moving average model
The Autoregressive Integrated Moving Average (ARIMA) 
model combines autoregressive (AR) and moving average 
(MA) components to analyze temporal fluctuations and 
identify inherent autocorrelations. This approach allows 
the ARIMA model to capture data dependencies over 
time. The model’s general form 
i s : Yt = ϕ1Y t−1 + ϕ2Y t−2 + ...+ ϕpY t−p + et − θ1et−1 − ...− θqet−q  , 
where ( ϕ1Y t−1 + ϕ2Y t−2 + ...+ ϕpY t−p

+ et ) is the AR 
model part, et − θ1et−1 − ...− θqet−q is the MA model 
part, Yt−p is the observed value at the period of ( t − p ), p 
and q represent the model order of AR and MA, and et is 
the random error at the period of t.This model uses his-
torical data to predict future trends. For constructing an 
ARIMA model, it is standard to assume the time series 
data is stationary, meaning it has a constant mean and 
variance over time. This assumption ensures the data has 
a stable central tendency without significant long-term 
growth or decline, which is essential for accurate fore-
casting and model reliability. As a result, the ARIMA 
model effectively captures time series dynamics, provid-
ing a robust framework for forecasting.

Join‑point regression model
The join-point regression model, developed by Kim in 
2000, employs segmented regression to analyze tempo-
ral trends in disease distribution. This model enables the 
fitting and optimization of trends over time, facilitating 
comprehensive analysis of global disease trends. In this 
study, we applied the join-point regression model to eval-
uate trends in disability-adjusted life-year (DALY) rates 
and mortality rates for type 2 diabetes, calculating the 
average annual percentage change (AAPC) and annual 
percentage change (APC) with corresponding 95% con-
fidence intervals (CI). The model incorporates multiple 
regression stages based on observed disease trends over 
time, partitioning the study period into intervals defined 
by specific connection points. Trend optimization within 
each interval is achieved by setting these connection 
points to capture distinct patterns of disease progression. 
Monte Carlo random permutation tests were conducted 
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to determine the number and location of breakpoints, 
with statistical significance assessed at α = 0.05 (two-sided 
test). The join-point regression models were constructed 
in both linear and log-linear forms, with a preference for 
log-linear models in the analysis of population-based 
DALY rates and mortality rates for type 2 diabetes mel-
litus:E[y|x] = eβ0+β1x+δ1(x−τ1)++···+δk(x−τk) , Where e is 
the natural base, k indicates the number of turning points, 
τk indicates the unknown turning points, β0 is the invar-
iant parameter, β1 is the regression coefficient, δk indi-
cates the regression coefficient of the segment function 
in paragraphk . When ( x − τk) > 0,(x − τ1)+ = x − τk , 
otherwise(x − τ1) = 0 . Formula for calculating 
APC:APC = (e(β1)− 1)× 100 . Formula for calculat-
ing AAPC:AAPC = [exp(

∑
wiβi/

∑
wi)− 1] × 100 . 

Where β1 is the regression coefficient, wi is the width of 
the interval span (i.e., the number of years included in the 
interval) for each segmentation function, and β1 is the 
regression coefficient corresponding to each interval.

Statistical analysis
In our investigation of the impact of high BMI on T2DM, 
we utilize age-standardized DALYs and mortality as pri-
mary metrics for disease burden. DALYs serve as a com-
posite indicator, offering a comprehensive overview of 
health losses by summing years lost to disability and years 
of life lost due to premature mortality. Each lost DALY 
corresponds to a loss of one full year of healthy life. To 
examine trends in DALYs from 1990 to 2021 across vari-
ous countries, regions, and globally, we employed linear 
regression analysis, focusing on the natural logarithms 
of age-standardized ratios. Our model was constructed 
using the equation:ln(ASR) = α + βX + � , where X rep-
resents time (in years). The annual average percentage 
change (EAPC) serves as a crucial measure for quanti-
fying changes in ASRs over a specified timeframe. Dur-
ing model fitting, we utilized the natural logarithm of 
the temporal variable alongside corresponding empirical 
data, ensuring that each datum contributes to the EAPC 
computation. The EAPC and its 95% confidence interval 
(CI) are determined using the formula 100× (exp(β)− 1) 
[7]. A stable trend is indicated if the 95% CI for the EAPC 
includes 0, equivalent to a p-value of 0.05 or higher. 
An upward trend is denoted by both the EAPC and its 
95% CI exceeding 0, while a downward trend is signi-
fied when these values fall below 0. Furthermore, we 
employed a locally weighted scatterplot smoothing 
(LOWESS) method to examine the correlation between 
the SDI and age-standardized DALYs induced by high 
BMI. This analytical approach provided a deeper under-
standing of the interplay between socioeconomic devel-
opment levels and health burdens. By employing this 
method, we discerned and elucidated the relationship 

between these factors with greater nuance. Additionally, 
we utilized an integrated statistical approach, specifically 
meta-regression combined with Bayesian regulariza-
tion pruning techniques (commonly referred to as meta-
regression modeling), to explore correlations between 
various health indicators and the SDI. This meta-regres-
sion model allowed us to analyze multiple health indica-
tors at different SDI levels in depth, identifying potential 
associations among them [8]. Alongside meta-regression 
models, we introduced a decomposition technique devel-
oped by Das Gupta to refine and quantify the impact of 
different factors on the burden of T2DM induced by high 
BMI, including the population’s age structure, popula-
tion growth, and epidemiological changes [9]. To assess 
the interrelationship between T2DM disease burden 
and SDI comprehensively, we collected and analyzed 
long-term data from 1990 to 2021. Based on this analy-
sis, we constructed an advanced analytic framework that 
benchmarks ASDR and ASMR while correlating them 
with SDI. This framework aims to explore and assess the 
potential for improvement and advancements in ASDR 
and ASMR for T2DM that can be achieved in each coun-
try or region [10].

Results
Global burden of disease
In 2021, the global ASMR for type 2 diabetes melli-
tus attributed to high BMI was 8.46, with a 95% uncer-
tainty interval (UI) of 3.55 to 12.62. The ASDR for this 
condition was 452.55, with a 95% UI of 220.36 to 650.49 
(Table  1). Notably, the ASMR for type 2 diabetes melli-
tus due to high BMI was higher in low and medium-low 
SDI regions, reaching 12.71 (95% UI: 5.14–19.56), com-
pared to 4.83 in high SDI regions (95% UI: 2.11–7.01). In 
low- and medium-low SDI regions, the ASMR for type 
2 diabetes associated with high BMI exhibited the most 
significant upward trend, with an EAPC of 2.37 (95% UI: 
2.16–2.59). Conversely, the ASMR in high SDI regions 
showed a downward trend, with an EAPC of − 1.07 (95% 
UI: −  1.39 to −  0.76). Between 1990 and 2021, deaths 
from type 2 diabetes mellitus due to high BMI rose 
from 238,136 to 723,719, while DALYs increased from 
104,348,885 to 139,309,214, with annual growth rates of 
2.03% and 2.76%, respectively (Table 1).

Five SDI regions and type 2 diabetes burden and trends 
and trends analyzed by sex and age
In 2021, deaths and DALYs due to type 2 diabetes 
attributed to high BMI varied significantly across age 
groups and the five SDI regions. The analysis indi-
cated that type 2 diabetes-related deaths and DALYs 
peaked in the 65- to 75-year age group for both males 
and females, with a subsequent decline observed with 
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advancing age (Fig.  1). In high SDI regions, the 70- 
to 74-year age group recorded the highest death toll, 
totaling 14,305, with 8498 deaths in males, exceeding 
5809 deaths in females. Conversely, in low-to-mod-
erate SDI regions, the 65- to 69-year age group had 
the highest number of deaths, amounting to 27,555, 
where 15,773 deaths occurred among females, sur-
passing 11,782 deaths among males (Fig.  1). In terms 
of DALYs, high BMI-related type 2 diabetes peaked at 
a relatively older age in high SDI regions, whereas it 
peaked at younger ages in other SDI regions. Specifi-
cally, DALYs peaked in the 50- to 59-year age group in 
low SDI regions and in the 55- to 60-year age group 
in low-to-moderate SDI regions, while in high SDI 
regions, DALYs peaked in the 65- to 70-year age group. 
Additionally, males exhibited higher DALYs than 
females in high SDI regions, while females had higher 
DALYs than males in other SDI regions (Supplemen-
tary Figure S1).

Global burden of diabetes disease by year, 1990–2021
A study of trends in the incidence of type 2 diabetes 
attributed to high BMI from 1990 to 2021 revealed a 
strong association with SDI levels. In high SDI areas 
(Fig.  2A), the ASDR for T2DM associated with high 
BMI increased from 237 to 415 cases per 100,000 
population, while the ASMR declined from 6 to 5 per 

100,000 population. Overall, the ASDR for T2DM due 
to high BMI showed an upward trend, though both 
ASDR and ASMR remained generally higher in low and 
low-to-moderate SDI areas compared to high SDI areas 
(Fig.  2A). For instance, in 1990, the ASDR for T2DM 
due to high BMI was 230 and 279 per 100,000 in low 
and low-to-middle SDI regions, respectively; by 2021, 
these values had risen to 537 and 457 per 100,000, 
respectively (Fig.  2A). Additionally, the ASMR of 
T2DM due to high BMI increased from 8 and 6.5 per 
100,000 in 1990 to 11.5 and 12.7 per 100,000 in low 
and low-to-moderate SDI areas, respectively (Fig. 2D). 
Gender differences in ASDR and ASMR for T2DM 
due to high BMI were also observed. Connected-point 
regression analyses indicated that ASDR and ASMR 
were consistently higher in males than females in high 
SDI areas, while in low and intermediate SDI regions, 
ASDR and ASMR were higher in females than in males 
(Fig. 2B, C). For example, in 2021, ASDR and ASMR in 
low and intermediate SDI regions were 509 and 11.7 
per 100,000 in males (Fig.  2B, E), compared with 560 
and 13.5 per 100,000 in females (Fig. 2C, F).

Correlation between SDI and ASDR and ASMR in T2DM due 
to high BMI
Figure 3A illustrates the correlation between ASMR and 
ASDR for T2DM due to high BMI and the SDI across 21 
regions from 1990 to 2021. Analysis by region indicates 

Fig. 1 Number of T2DM deaths due to high BMI in different regions and age groups A Number of deaths globally in 2021 B Number of deaths 
in high SDI regions C Number of deaths in high-medium SDI regions D Number of deaths in low SDI regions E Number of deaths in low-medium 
SDI regions F Number of deaths in medium SDI regions
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a significant positive correlation (p < 0.05) between 
SDI and ASDR for T2DM due to high BMI, suggest-
ing a strong association between the T2DM burden due 
to high BMI and the level of regional socioeconomic 
development. Some regions, particularly Oceania, Sub-
Saharan Africa, Central America and the Caribbean, 
and the Middle East, exhibit higher-than-average ASDR 
compared to SDI-based projections. In contrast, other 
regions, such as the high-income Asia-Pacific, Western 
Europe, East Asia, and South and Southeast Asia, show 
lower-than-expected burdens. Figure 3B further explores 
these trends by examining SDI-related ASDR and ASMR 
at the country level over the same period. Overall, the 
ASDR for T2DM due to high BMI rises with increasing 
socioeconomic levels, but this upward trend plateaus 
near an SDI value of 0.7, followed by a gradual decline as 
SDI continues to increase. Notably, countries in low SDI 
regions, such as Fiji, Kiribati, Afghanistan, Benin, and 
Haiti, experience a significantly higher T2DM burden 
than expected, whereas countries in high SDI regions, 
including the United States, France, Australia, and Can-
ada, have a notably lower burden.

Decomposition analysis of age standardized DALYs rates
Over the past three decades, deaths and DALYs associ-
ated with T2DM due to high BMI have risen significantly. 
The data reveal a more substantial increase in DALYs 
from high BMI-induced T2DM among women than men, 
primarily driven by population growth and evolving dis-
ease prevalence patterns. Although DALYs for T2DM due 
to high BMI have also increased in men, this rise is less 
pronounced than in women, with epidemiologic trends 
playing a more prominent role (Fig. 4A). Additional anal-
yses indicate a similarly significant rise in T2DM-related 
deaths due to high BMI, impacting both men and women 
equally. Figure 4B shows that while the marked increase 
in female mortality is mainly due to population growth, 
the primary factor for men is epidemiologic change.

Frontier analysis of age standardized DALYs rates
Figure  5A presents a chronological overview of the 
unmet potential for health improvement across coun-
tries and regions at various stages of development from 
1990 to 2021. In 2021, Fig. 5B emphasizes disparities in 
disability-adjusted life-year (DALY) burdens and health 
outcomes across different sociodemographic levels. 

Fig. 2 Trends in ASDR and ASMR for T2DMA due to high BMI in five SDI regions, 1990–2021. A ASDR trends; B female ASDR trends; C male ASDR 
trends; D ASMR trends; E female ASMR trends; and F male ASMR trends
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Fig. 3 Correlation between SDI and ASDR and ASMR in T2DM due to high BMI in different regions and countries, 1990–2021. A The solid line 
is a locally weighted scatterplot smoothing smoother, which displays the global expected values based on the Socio-Demographic Index (SDI) 
values. B Each point represents the age-standardized Disability-Adjusted Life Year (DALY) rate and mortality rate observed in a specific country 
in 2021. ASDR: Age-Standardized Disability-Adjusted Life Year rate; ASMR: Age-Standardized Mortality rate; SDI: Socio-Demographic Index

Fig. 4 Changes in disability-adjusted life years and deaths from 1990 to 2021 for T2DM globally based on population-level determinants such 
as population growth, ageing, and epidemiological changes, and grouped by sex. Black dots represent the overall value of change due to all 3 
factors. For each component, the magnitude of the positive value indicates a corresponding increase in the number of T2DM DALYs and deaths 
attributable to that component. A Number of DALYs. B Number of DEATH. SDI: sociodemographic index; DALYs: disability-adjusted life years
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The effective difference, defined as the distance from 
the "frontier," represents the gap between the observed 
burden in a country or region and the anticipated bur-
den based on its SDI. A substantial effective difference 
suggests unrealized potential for health improvement, 
depending on a country’s or region’s development level. 
Using 2021 DALYs and SDI, we estimated each country’s 
or region’s effective difference from the frontier (Fig. 5B). 
The five countries or territories with the largest effective 
differences included Fiji, Nauru, Kiribati, Samoa, Green-
land, and Trinidad and Tobago (Fig. 5B). Conversely, the 
five countries or territories with the smallest effective dif-
ferences, indicating lower DALY burdens relative to their 
development levels, were Burundi, Madagascar, Bun-
goma, West Pokot, Marsabit, and El Salvador (Fig. 5B).

Predicting the next decade ASDR and ASMR in T2DM due 
to high BMI
We employed ARIMA models to forecast trends in 
DALYs and mortality associated with T2DM due to high 
BMI across various SDI regions over the next decade. 
Using the auto.arima () function for model selection, we 
identified optimal ARIMA models with corresponding 
Akaike Information Criterion (AIC) values for differ-
ent SDI levels. Specifically, the optimal global model was 
ARIMA (1,2,1) with an AIC of − 56.19. For the high SDI 
region, the optimal model was ARIMA (1,1,1) with an 
AIC of − 37.29; for the medium-high SDI region, ARIMA 
(1,2,1) with an AIC of −  70.44; for the low SDI region, 
ARIMA (0,2,1) with an AIC of − 106.82; for the medium-
low SDI region, ARIMA (0,2,2) with an AIC of − 79.24; 

and for the medium SDI region, ARIMA (0,2,1) with an 
AIC of −  54.19. Through analysis of normal Q-Q plots, 
autocorrelation function (ACF), and partial autocorrela-
tion function (PACF) plots, we confirmed the residuals’ 
normal distribution properties (Supplementary Figure 
S2-S3). Additionally, the Ljung-Box test indicated that 
the residuals for all SDI regions conformed to a white 
noise process (all p-values > 0.05, Supplementary Figure. 
S4), supporting the models’ validity. Using a comparable 
methodology, we also constructed an ARIMA model for 
the DALYs rate of T2DM and verified its stability through 
the Ljung-Box test. Across SDI regions, ASMR projec-
tions were consistent with observed values (Fig.  6). In 
low SDI regions, the ASMR for T2DM is projected to 
increase from 11.8 cases per 100,000 population in 2021 
to 13.1 cases per 100,000 in 2031 (Fig.  6). This upward 
trend is notably more pronounced in low and middle 
SDI regions, where ASMR is expected to rise from 12.5 
to 15.9 per 100,000 population by 2031 (Fig.  6E), while 
high SDI regions are anticipated to remain relatively 
stable (Fig.  6A). However, in high SDI areas, the ASDR 
for T2DM due to high BMI is projected to significantly 
increase from 415 cases per 100,000 population in 2021 
to 547 per 100,000 in 2031 (Supplementary Figure S5A). 
ASDRs in other SDI regions showed similar upward 
trends (Supplementary Figure S5).

Discussions
A comprehensive analysis of the latest GBD data, spe-
cifically GBD2021, demonstrated significant tempo-
ral and regional variations in the ASDR and ASMR of 

Fig. 5 Frontier analysis of the age-standardized type 2 diabetes DALY rate related to high body mass index based on the Socio-Demographic 
Index  in 2021. A The frontier is represented by a solid black line, and countries and regions are denoted by dots. B The top 15 countries 
with the largest effective differences are marked in black. The frontier countries with low SDI (0.85) and relatively high development levels 
in terms of effective differences are marked in red. Red dots indicate an increase in the age-standardized Disability-Adjusted Life Years ratio 
between 1990 and 2021, and blue dots indicate a decrease in the age-standardized Disability-Adjusted Life Years ratio during the same period. SDI: 
Socio-Demographic Index; DALYs: Disability-Adjusted Life Years
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T2DM associated with elevated body mass index (BMI). 
Across SDI regions, both deaths and DALYs attributed 
to T2DM linked to high BMI substantially increased 
from 1990 to 2021. This trend is likely driven by 
changes in dietary habits, genetic predispositions, and 
lifestyle modifications associated with rising socioeco-
nomic levels. In particular, the increasing prevalence 
of obesity-related dietary patterns is notable. Conse-
quently, the interaction of these factors is expected to 
further elevate the incidence of T2DM, impacting qual-
ity of life and escalating the disease’s associated health 
burden.

Given the global surge in obesity and diabetes cases, 
the World Health Organization (WHO) has classified 
these conditions as global epidemics. Current scien-
tific consensus identifies a strong correlation between 
excess body weight—especially abdominal obesity—and 
insulin resistance, a condition where the body’s sensi-
tivity to insulin decreases, impairing glucose absorp-
tion and utilization. This impairment places increased 
stress on pancreatic beta cells, which must produce 
higher insulin levels to regulate blood glucose, poten-
tially leading to beta cell dysfunction and the progres-
sion of T2DM over time [11, 12]. Studies estimate that 
in 2017, T2DM accounted for over 1 million deaths 
globally, with nearly half of these deaths associated 
with elevated BMI levels [13]. Extensive research has 
examined the intricate relationship between diabetes 
and obesity, with findings indicating that obesity signif-
icantly elevates the risk of developing T2DM compared 

to individuals of normal weight. Specifically, obese 
men and women face up to a sevenfold and twelve-
fold higher risk, respectively [14]. Additionally, obesity 
prevalence among T2DM patients ranges from 50.9 to 
98.6% in Europe and from 56.1 to 69.2% in Asia [15].

Our study reveals significant gender and regional dif-
ferences in the development of T2DM. Specifically, the 
T2DM burden attributable to elevated BMI was notably 
higher among women over 60, and ASDR were elevated 
in regions with low-to-moderate SDI. Several factors 
may account for these findings. First, women’s longer life 
expectancy compared to men may partially explain the 
increased T2DM burden observed among older women 
[16]. Second, the rising incidence of sarcopenic obesity—
characterized by concurrent declines in muscle mass and 
strength in older adults—may contribute to an elevated 
T2DM risk [17]. Sarcopenic obesity adversely impacts 
physical function and quality of life and is closely associ-
ated with metabolic dysregulation [18, 19]. Furthermore, 
in low-to-moderate SDI regions, a higher prevalence of 
central obesity may promote insulin resistance, thereby 
raising T2DM prevalence [20]. Data from 1990 to 2019 
show a marked increase in diabetes prevalence among 
older adults in these regions, particularly those aged 65 
and above, correlating with higher T2DM-related ASDR 
[21].

A high BMI typically arises from daily nutrient intake 
exceeding the body’s requirements. In high-SDI regions, 
lifestyle and dietary habits are the primary contributors to 
elevated BMI levels. Key factors include reduced physical 

Fig. 6 Projected trends in global T2DM mortality due to high BMI over the next 10 years. The red line represents the true trend in T2DM mortality 
between 1990–2021; the yellow dashed line and shaded area represent the projected trend and its 95% CI
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activity, frequent consumption of high-calorie and sug-
ary beverages, increased fast food intake, and insufficient 
consumption of fruits and vegetables [22–24]. Our anal-
ysis indicates that the ASDR for T2DM associated with 
high BMI has consistently trended upward over recent 
decades. Population growth, aging, and epidemiologi-
cal transitions have variously influenced this trend. Our 
findings highlight the substantial impact of epidemio-
logical factors on the increasing ASDR and ASMR among 
T2DM patients, including fluctuating incidence rates, 
pre-T2DM ASDR, socioeconomic disparities, demo-
graphic shifts, and earlier T2DM onset. Studies show that 
the ASDR for adult T2DM in China rose from 4.7 in 1990 
to 8.0% in 2019, with projections suggesting it may reach 
9.7% by 2030 [25–27]. Concurrently, the ASDR for pre-
T2DM is also increasing, affecting a significant portion of 
the population and closely linked to factors such as aging, 
urbanization, and lifestyle shifts [28, 29].

A regional analysis of the GBD revealed that ASDR and 
ASMR for T2DM associated with high BMI have been 
rising in most regions. The study highlighted that regions 
with the highest T2DM burden are predominantly those 
with low and medium SDI, including Angola, Bangla-
desh, and Cameroon. This increasing burden of T2DM 
and obesity in low- and middle-SDI regions, such as Oce-
ania, is attributed to the high importation of processed 
meat and calorie-dense diets [30]. Globally, it is reported 
that at least 72% of adults do not meet the recommended 
daily intake of fruits and vegetables, while in Southern 
Africa, approximately 31–75% of the population is physi-
cally inactive, exacerbating the T2DM burden associated 
with high BMI [31]. In contrast, high-SDI countries, such 
as Japan, Singapore, and San Marino, demonstrated rela-
tively low T2DM burdens in 2021. Singapore’s successful 
reduction in diabetes burden is credited to its compre-
hensive obesity prevention and management strategies, 
which include supportive public policies, promotion of 
healthy lifestyles, public health campaigns, and improved 
clinical management of obesity [32]. Conversely, low-SDI 
regions, like Fiji, reported the highest ASDR and ASMR 
for T2DM in 2019. The study attributes Fiji’s increased 
obesity rates to a rise in imported sugar and processed 
foods, compounded by socio-cultural, economic, politi-
cal, and environmental factors that limit access to and 
knowledge of nutritious foods [33]. T Consequently, 
future strategies should prioritize both individual- and 
policy-level interventions to reduce the impact of high 
BMI on T2DM.

Over the past three decades, DALYs and mortality 
linked to T2DM due to high BMI have risen markedly 
worldwide, especially among women. Decomposition 
analyses indicate that the increased T2DM burden asso-
ciated with high BMI is more pronounced in women, 

largely due to population growth and shifts in disease 
prevalence. This disparity may be attributed to a com-
bination of physiological, social, and behavioral factors. 
Notably, women are more susceptible to weight gain and 
insulin resistance at certain life stages, such as pregnancy 
and menopause, heightening their risk of diabetes [34, 
35]. Additionally, socioeconomic status, cultural norms, 
and gender roles pose further challenges for women in 
managing obesity and diabetes risk factors, including 
fewer opportunities for physical activity and heightened 
dietary pressures [36]. Supporting this, other studies 
report that BMI increases are more substantial among 
women than men in specific high- and lower-middle-
income countries, possibly linked to global dietary shifts 
and urbanization [37]. While the T2DM burden due 
to high BMI in men has not increased as sharply as in 
women, it still shows a clear upward trend, largely driven 
by changing epidemiological patterns. Recent lifestyle 
shifts among men, such as the rise of sedentary work 
and high-calorie diets, are key contributors to this trend 
[38]. Furthermore, the relationship between obesity and 
metabolic health may be more directly observable in 
men, particularly through the link between abdominal 
fat accumulation and insulin resistance [39]. Antonietta 
et al. highlight that with the global rise in ultra-processed 
foods and high-sugar beverages, obesity rates are increas-
ing among men, particularly in middle-income countries, 
which directly contributes to the growing T2DM burden 
[40]. Further analysis reveals that T2DM-related mortal-
ity has risen significantly in both male and female popu-
lations, albeit driven by different factors. Among women, 
population growth is the primary driver of increased 
mortality, while in men, epidemiological changes play a 
more crucial role [41]. These trends underscore the com-
plexity of global diabetes management and prevention. 
Despite advances in medical technology, obesity rates 
and the related diabetes burden continue to rise, suggest-
ing that current preventive strategies may be insufficient. 
Future policies should place greater emphasis on gen-
der-specific factors, particularly by enhancing women’s 
health awareness, expanding opportunities for physical 
activity, and improving dietary composition.

Ongoing surveillance of disease epidemiology and 
trend forecasting are essential for effective disease man-
agement. Forecasts using ARIMA models indicate that by 
2031, the global ASDR associated with T2DM will rise to 
550 cases per 100,000 for men and 9.5 cases per 100,000 
for women, with higher rates projected among women. 
Improvements in medical technology and increased 
health awareness are anticipated to enhance T2DM diag-
nosis over the coming decade [42]. By 2021, the global 
T2DM population is expected to reach 530 million, 
accounting for approximately 6% of the world population 
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[43]. Key factors driving this rise include global popula-
tion growth, aging, and unhealthy lifestyle choices [44], 
particularly physical inactivity, high-calorie diet con-
sumption, and obesity [45]. Additionally, socioeconomic 
disparities across countries and regions influence the pre-
vention, diagnosis, and treatment of T2DM, with lower-
middle-income countries experiencing a faster increase 
in T2DM prevalence than high-income countries [46]. A 
comprehensive strategy is crucial to alleviate the health 
burden of T2DM linked to high BMI and improve the 
well-being of affected individuals. Such a strategy should 
focus on primary health care prevention, timely T2DM 
detection in elderly and high-risk groups, lifestyle inter-
ventions, equitable healthcare resource distribution, and 
advocacy for early T2DM diagnosis and prevention.

This study is based on an analysis of the GBD database, 
which, while providing extensive data on global health 
trends across multiple countries and regions, has certain 
limitations. First, the GBD database depends on health 
reporting systems in different countries and regions, 
leading to variability in data quality and completeness. 
Incomplete data may have impacted the accuracy of 
our findings; for instance, underreporting of high BMI-
related T2DM in some developing countries could result 
in underestimating cases. Limited healthcare resources 
can exacerbate this underdiagnosis, causing an inaccu-
rate perception of the burden of high BMI-associated 
T2DM. Additionally, some GBD health indicators are 
estimated through modeling rather than direct observa-
tion, introducing potential errors, especially in regions 
with sparse or inconsistent data reporting. Second, as 
GBD estimates are based on assumptions and param-
eterizations, these modeling assumptions may not fully 
apply across all study scenarios, particularly in estimat-
ing regional distributions of specific diseases or risk fac-
tors. Finally, while the GBD database offers global health 
burden data, its limited spatial and temporal resolution 
may hinder capturing certain changes when examining 
localized or short-term trends. Thus, although this study 
provides valuable insights into the global health burden, 
future research should incorporate higher-resolution 
local data and further validate the model to reduce bias 
and enhance result accuracy.

Conclusions
This study presents a thorough analysis of the global 
burden of T2DM attributable to high BMI using data 
from the 2021 GBD study. The findings reveal substan-
tial differences in ASMR and ASDR for T2DM across 
SDI regions, genders, and age groups. Between 1990 
and 2021, the number of deaths and DALYs associated 
with T2DM due to high BMI increased worldwide, with 
the most significant rise observed in regions with low 

and low-middle SDI. These results indicate that the 
influence of SDI disparities on disease burden must be 
carefully considered in T2DM prevention and treat-
ment strategies. Consequently, future public health 
interventions should implement targeted approaches 
based on SDI levels in each region to effectively reduce 
the global T2DM burden.
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