
UC San Diego
UC San Diego Previously Published Works

Title
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.

Permalink
https://escholarship.org/uc/item/7zg7w704

Journal
The Lancet, 402(10397)

Publication Date
2023-07-15

DOI
10.1016/S0140-6736(23)01301-6
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7zg7w704
https://escholarship.org
http://www.cdlib.org/


Articles

www.thelancet.com   Vol 402   July 15, 2023 203

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
GBD 2021 Diabetes Collaborators*

Summary
Background Diabetes is one of the leading causes of death and disability worldwide, and affects people regardless of 
country, age group, or sex. Using the most recent evidentiary and analytical framework from the Global Burden of 
Diseases, Injuries, and Risk Factors Study (GBD), we produced location-specific, age-specific, and sex-specific 
estimates of diabetes prevalence and burden from 1990 to 2021, the proportion of type 1 and type 2 diabetes in 2021, 
the proportion of the type 2 diabetes burden attributable to selected risk factors, and projections of diabetes prevalence 
through 2050.

Methods Estimates of diabetes prevalence and burden were computed in 204 countries and territories, across 25 age 
groups, for males and females separately and combined; these estimates comprised lost years of healthy life, measured 
in disability-adjusted life-years (DALYs; defined as the sum of years of life lost [YLLs] and years lived with disability 
[YLDs]). We used the Cause of Death Ensemble model (CODEm) approach to estimate deaths due to diabetes, 
incorporating 25 666 location-years of data from vital registration and verbal autopsy reports in separate total 
(including both type 1 and type 2 diabetes) and type-specific models. Other forms of diabetes, including gestational 
and monogenic diabetes, were not explicitly modelled. Total and type 1 diabetes prevalence was estimated by use of a 
Bayesian meta-regression modelling tool, DisMod-MR 2.1, to analyse 1527 location-years of data from the scientific 
literature, survey microdata, and insurance claims; type 2 diabetes estimates were computed by subtracting type 1 
diabetes from total estimates. Mortality and prevalence estimates, along with standard life expectancy and disability 
weights, were used to calculate YLLs, YLDs, and DALYs. When appropriate, we extrapolated estimates to a hypothetical 
population with a standardised age structure to allow comparison in populations with different age structures. We 
used the comparative risk assessment framework to estimate the risk-attributable type 2 diabetes burden for 16 risk 
factors falling under risk categories including environmental and occupational factors, tobacco use, high alcohol use, 
high body-mass index (BMI), dietary factors, and low physical activity. Using a regression framework, we forecast 
type 1 and type 2 diabetes prevalence through 2050 with Socio-demographic Index (SDI) and high BMI as predictors, 
respectively.

Findings In 2021, there were 529 million (95% uncertainty interval [UI] 500–564) people living with diabetes 
worldwide, and the global age-standardised total diabetes prevalence was 6·1% (5·8–6·5). At the super-region level, 
the highest age-standardised rates were observed in north Africa and the Middle East (9·3% [8·7–9·9]) and, at the 
regional level, in Oceania (12·3% [11·5–13·0]). Nationally, Qatar had the world’s highest age-specific prevalence of 
diabetes, at 76·1% (73·1–79·5) in individuals aged 75–79 years. Total diabetes prevalence—especially among older 
adults—primarily reflects type 2 diabetes, which in 2021 accounted for 96·0% (95·1–96·8) of diabetes cases and 
95·4% (94·9–95·9) of diabetes DALYs worldwide. In 2021, 52·2% (25·5–71·8) of global type 2 diabetes DALYs were 
attributable to high BMI. The contribution of high BMI to type 2 diabetes DALYs rose by 24·3% (18·5–30·4) worldwide 
between 1990 and 2021. By 2050, more than 1·31 billion (1·22–1·39) people are projected to have diabetes, with 
expected age-standardised total diabetes prevalence rates greater than 10% in two super-regions: 16·8% (16·1–17·6) 
in north Africa and the Middle East and 11·3% (10·8–11·9) in Latin America and Caribbean. By 2050, 89 (43·6%) of 
204 countries and territories will have an age-standardised rate greater than 10%.

Interpretation Diabetes remains a substantial public health issue. Type 2 diabetes, which makes up the bulk of 
diabetes cases, is largely preventable and, in some cases, potentially reversible if identified and managed early in the 
disease course. However, all evidence indicates that diabetes prevalence is increasing worldwide, primarily due to a 
rise in obesity caused by multiple factors. Preventing and controlling type 2 diabetes remains an ongoing challenge. 
It is essential to better understand disparities in risk factor profiles and diabetes burden across populations, to inform 
strategies to successfully control diabetes risk factors within the context of multiple and complex drivers.
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Introduction
Diabetes is a serious, chronic disease characterised by 
elevated blood glucose concentrations related to the 
effects of abnormal β-cell biology on insulin action.1–5 
According to estimates from the Global Burden of 
Diseases, Injuries, and Risk Factors Study (GBD) 2019, 
diabetes was the eighth leading cause of death and 
disability combined in the world, with nearly 460 million 
people across every country and age group living with the 
disease in 2019.6 Diabetes represents a substantial 
burden to health-care systems,2,7–9 with estimates by the 
International Diabetes Federation (IDF) indicating that 
537 million people worldwide had diabetes in 2021, 
resulting in health expenditures of US$966 billion 
globally, forecast to reach more than $1054 billion by 
2045.4,10 The 2016 NCD Risk Factor Collaboration 
(NCD-RisC) Study projected that the probability of 
meeting global targets to halt the rising diabetes 

prevalence by 2025 was lower than 1% for women and 
even lower for men.11 Diabetes is also a major risk factor 
for ischaemic heart disease and stroke,12 which were 
estimated by GBD 2019 to be the first and second leading 
causes, respectively, of the global disease burden.6

 Type 1 and type 2 diabetes are the most common forms 
of the disease and are diagnosed through well established 
criteria.1,2,4 Type 1 diabetes often develops during 
childhood, while type 2 diabetes has a strong genetic 
component and a robust association with obesity 
and a sedentary lifestyle.10,13 Although prevention and 
management approaches differ between diabetes types, 
there are well established strategies to reduce the disease 
burden, including limiting risk factors for type 2 diabetes,2 
increasing access to treatment such as insulin,14 and 
enhancing the health-system infrastructure.2,14,15 However, 
social determinants of health have led to considerable 
disparities across populations in risk factor profiles, 

Research in context

Evidence before this study
The Global Burden of Diseases, Injuries, and Risk Factors Study 
(GBD) generates publicly available estimates of total (inclusive 
of type 1 and type 2) diabetes deaths, prevalence, years of life 
lost (YLLs), years lived with disability (YLDs), and disability-
adjusted life-years (DALYs) at the global, super-region, region, 
and country and territory levels. Since GBD 2017, type-specific 
estimates have also been produced. The International Diabetes 
Federation (IDF) generates worldwide estimates of diabetes 
deaths and prevalence for type 1 diabetes in people aged 
19 years or younger and for total diabetes in those aged 
20–79 years, with the most recent estimates produced in 2021, 
and has projected the future prevalence of total diabetes 
through 2045. The NCD Risk Factor Collaboration (NCD-RisC) 
published global estimates in 2016 that focused on total 
diabetes prevalence in individuals aged 18 years and older and 
projected the probability that diabetes would not continue to 
increase by 2025. In the present study, we estimated non-fatal 
outcomes due to diabetes by conducting systematic reviews in 
PubMed from Jan 1, 1990, to Oct 16, 2018 (see appendix 
section 4.1.1), carrying out opportunistic searches from 
Jan 1, 1990, to Dec 31, 2021, and incorporating data shared by 
country collaborators and WHO in addition to insurance claims 
data. To estimate diabetes risk relative to risk factor exposure, 
separate systematic reviews were done for each risk factor by 
accessing various databases (PubMed, Embase, and Web of 
Science) with endpoints ranging from 2019 to 2022 (see 
appendix sections 5.1.1–5.1.6).

Added value of this study
Global estimates are essential to policy makers, health-care 
professionals, health researchers, and individuals with diabetes, 
but only GBD data and methods are exhaustive across diabetes 
type, age, and sex, for 204 countries and territories; explicitly 
quantify the proportion of the diabetes burden attributable to 
specific risk factors; predict diabetes prevalence to 2050; 

and are designed to capture both undiagnosed and diagnosed 
cases. Various research groups have made use of publicly 
available GBD data to report on the diabetes burden and risk 
factors and produce short-term forecasts. Our study, as part of 
the larger GBD analytical enterprise, leverages the newest 
available data and methods. We apply and detail the updated 
GBD analytical and evidentiary framework to generate 
comprehensive, type-specific estimates of diabetes burden for 
all regions of the world, across the human lifespan, for males 
and females separately and combined. We also quantify the 
proportion of type 2 diabetes attributable to 16 selected risk 
factors concurrently to highlight the main drivers of diabetes. 
The continued global spread of diabetes presents a massive 
public health challenge. The location-specific and population-
specific data we present on the likely trajectory of diabetes in 
the coming decades are crucial to inform policy makers and 
public health professionals as they prepare to address the 
impending threat to the communities they serve.

Implications of all the available evidence
Policy makers and public health officials worldwide are 
increasingly concerned by soaring diabetes prevalence rates and 
their implications for health-care systems and societies. At the 
current pace, we project that more than 1·31 billion people will 
be living with diabetes by 2050, most of whom will have type 2 
diabetes. Addressing escalating challenges to diabetes 
prevention and barriers to managing the disease and its 
complications will become a requisite component of health-care 
provision worldwide. There is an urgent need to tackle adverse 
trends in the prevalence of risk factors for type 2 diabetes, 
particularly obesity. Without new and far-reaching approaches 
targeting not only risk factors but also the social and logistical 
barriers that limit access to treatment and medical attention, 
diabetes will continue to exert increasingly negative effects on 
the quality of life of individuals, health of populations, and the 
strength of global economies for decades to come.

For estimates from GBD 2019 
see https://vizhub.healthdata.

org/gbd-compare

https://vizhub.healthdata.org/gbd-compare
https://vizhub.healthdata.org/gbd-compare
https://vizhub.healthdata.org/gbd-compare
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access to screening and treatment, and available health 
services.16–19 Hence, the burden of diabetes-related deaths 
and disability, as well as their drivers, varies widely.14,20–26 
The Lancet Commission on diabetes published in 2020 
highlights the unequal burden of the disease on people in 
low-income and middle-income countries (LMICs), 
reporting that 80% of diabetes cases occur in LMICs.2 
The Lancet Commission noted that, in addition to 
underfunded and ill-prepared health-care systems, 
LMICs are beset by socioeconomic challenges such as 
poor nutrition, poverty, and physical inactivity, and 
emphasised the pressing need for accurate, focused data 
to guide the development of effective programmes 
targeting these factors. It was further argued as imperative 
to accurately identify and characterise the populations at 
highest risk—defined by their demographic features and 
exposure to key risk factors—in addition to forecasting 
how the diabetes burden is expected to increase along 
these dimensions in the future.

In response to this need and in support of recent calls 
to action sounded by the global community, as embodied 
in initiatives such as the 2020 Lancet Commission on 
diabetes and the 2021 WHO Global Diabetes Compact, 
our work applies and explicates the newly updated 
methodological framework of GBD to generate estimates 
of total diabetes and type-specific (type 1 and type 2) 
diabetes prevalence and burden from 1990 to 2021. This 
approach allows us to break down these estimates with a 
high degree of granularity by location, age, and sex, and 
to present a more holistic picture of the landscape of 
diabetes—including drivers of the disease and how they 
have changed over time, as well as forecasting global and 
location-specific diabetes prevalence through 2050.

This manuscript was produced as part of the GBD 
Collaborator Network and in accordance with the GBD 
Protocol.27

Methods
Overview
To obtain the data used in models, GBD conducts 
systematic reviews and opportunistic searches, and 
utilises data shared by country collaborators and WHO. 
Data seeking is iterative and continuously in process in 
order to identify new sources. Information on data 
seeking efforts conducted for GBD iterations through 
GBD 2019 has been published previously6,28,29 and is 
provided in the appendix (section 4.1.1). For this study, we 
identified 27 193 data sources to which we applied the 
methodological and evidentiary framework provided by 
GBD. The present analysis does not reflect the potential 
impact of the COVID-19 pandemic on diabetes prevalence 
and burden since these data were not available at the time 
of the analysis.

We report primarily on diabetes prevalence and burden 
because these metrics are particularly salient for 
characterising type 2 diabetes and capturing aspects of 
the rapid global rise of diabetes; however, we also provide 

mortality estimates in the appendix (table S24). Moreover, 
mortality data were included in the calculation of our 
principal metrics: prevalence (via cause-specific mortality 
rates used in the compartmental disease modelling 
process) and years of life lost (YLLs; via measures of 
expected age of mortality), and, by extension, disability-
adjusted life-years (DALYs), which are the sum of YLLs 
and years lived with disability (YLDs).

We report many estimates generated as age-
standardised results (ie, extrapolated to a hypothetical 
population with a standardised age structure) to allow 
comparison of estimates made in populations with 
different age structures. The standard population was 
calculated with the non-weighted mean of the age-
specific population proportional distributions for all 
national locations with populations greater than 5 million 
in 2019 from GBD 2019.

This study complies with the Guidelines for Accurate 
and Transparent Health Estimates Reporting (GATHER) 
statement (appendix table S1).30

Mortality
There were 25 666 location-years of death data included 
in the fatal model (appendix section 3.1). We used vital 
registration data and verbal autopsy6 data coded as 
diabetes since 1980 (appendix section 3.2.1). Codes for 
causes that either did not lead to death or were 
intermediate causes, but for which diabetes could have 
been the underlying cause—referred to as garbage 
codes31—were eligible for inclusion in the diabetes 
model6 (appendix section 3.2.1). Approximately 11·1% of 
deaths coded to diabetes were reassigned from garbage 
codes.

 More than 50% of deaths coded to diabetes did not 
specify a type. We developed a log-linear regression 
model to predict the type-specific proportion of deaths 
among those coded to unspecified diabetes. The model 
was informed by data that specified the diabetes type 
and, for a given country, included two parameters: first, 
country-years in which more than 50% of deaths due to 
diabetes were coded as being due to type 1 or type 2 
diabetes; and second, for country-years with type-specific 
coding, those in which 70% or more of type-specific 
deaths for people older than 25 years were coded as 
type 2 diabetes. We included prevalence of obesity as a 
covariate and redistributed deaths accordingly to type 1 
or type 2 diabetes. More details are provided in the 
appendix (section 3.2.3).

We ran separate mortality models for type 1 diabetes, 
type 2 diabetes, and total diabetes. We assumed that all 
deaths due to diabetes in people younger than 15 years 
were from type 1 diabetes. We used the Cause of Death 
Ensemble model (CODEm),6 a highly automated 
analytical tool that selects an ensemble of mixed-effects 
or spatiotemporal Gaussian regression models of 
mortality rates or cause fractions with varying 
combinations of predictive covariates. Ensembles were 

For more on the WHO Global 
Diabetes Compact see https://
www.who.int/initiatives/the-
who-global-diabetes-compact

See Online for appendix

https://www.who.int/initiatives/the-who-global-diabetes-compact
https://www.who.int/initiatives/the-who-global-diabetes-compact
https://www.who.int/initiatives/the-who-global-diabetes-compact
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selected on the basis of out-of-sample predictive validity 
testing. We included 19 covariates, six associated with 
type 1 diabetes and 13 associated with type 2 diabetes, 
which were selected on the basis of known or postulated 
relationships with development or management of 
diabetes (appendix section 3.3).

Non-fatal outcomes 
The reference case definition for diabetes was a fasting 
plasma glucose (FPG) concentration of 7 mmol/L 
(126 mg/dL) or greater, or a person using insulin or 
diabetes medication. We included any population-
representative source that provided individual-level data 
or reported the prevalence or incidence of diabetes 
defined by the source’s glucose threshold from tests of 
FPG, glycated haemoglobin (HbA1c), oral glucose 
tolerance (OGTT), or post-prandial glucose (PPG), or any 
population-repre sentative source that reported mean 
FPG and uncertainty around the estimate.32 We also used 
insurance claims data from the USA and Taiwan 
(province of China), since these were locations for which 
we had access to insurance claims. We included studies 
reporting the incidence of type 1 diabetes. We 
incorporated data found through systematic reviews 
conducted from Jan 1, 1990, to Oct 16, 2018 (appendix 
section 4.1.1),6,28,29 and carried out opportunistic literature 
searches from Jan 1, 1990, to Dec 31, 2021. Between 2020 
and 2021, we reviewed all data provided by GBD 
collaborators through the Global Health Data Exchange 
(GHDx) and prospectively sought individual-level data 
from the WHO STEPwise Approach to NCD Risk Factor 
Surveillance (STEPS) surveys (appendix section 4.1.1). 
There were 1527 location-years of data from 172 countries 
(84·3% of the 204 countries and territories included in 
GBD) used in the diabetes modelling process (appendix 
section 4.1.1).

Where possible, we used individual-level data from 
surveys that collected glucose measurements to calculate 
age-sex-year-location-specific prevalence estimates and 
used the information included in the survey metadata to 
inform how the sampling strategy, sampling frame, and 
sampling weights were incorporated into the estimates 
and uncertainty.

We used the meta-regression Bayesian, regularised, 
trimmed (MR-BRT)33 tool to generate coefficients that 
were used to adjust estimates from studies that did not 
define diabetes with the reference definition (appendix 
section 4.2.2). For data from people aged younger than 
15 years, we assumed that all diabetes cases were type 1 
diabetes and that all patients had sought hospital care 
due to their insulin dependence. We also converted 
population-level mean FPG estimates to diabetes 
prevalence estimates (appendix section 4.2.2).

We ran separate non-fatal models for type 1 diabetes 
and total diabetes. We used a hierarchical Bayesian meta-
regression modelling tool, DisMod-MR 2.1,6 to estimate 
prevalence due to diabetes from 1990 to 2021. Differential 

equations in DisMod-MR 2.1 produce a consistent set of 
estimates based on data on prevalence, incidence, and 
cause-specific mortality rates generated from the fatal 
modelling process. In the type 1 diabetes model, we 
included three predictive covariates: proportion of 
livebirths in women aged 35 years and older and maternal 
education (years per capita) as predictors of type 1 diabetes 
incidence; and the Healthcare Access and Quality Index 
(HAQ Index)34 as a predictor of type 1 diabetes excess 
mortality rate. We assumed there was no remission (ie, 
no cure). In the total diabetes model, we included two 
predictive covariates—prevalence of obesity and year as 
predictors of diabetes prevalence—and assumed that 
annual remission could be no more than 1% (appendix 
sections 4.3.1 and 4.3.2). Because most data sources in 
adults reported prevalence of total diabetes or did not use 
a robust strategy to exclude people with type 1 diabetes, 
we were not confident in the accuracy of the data available 
that were labelled as type 2 diabetes. As an alternative, we 
subtracted the year-age-sex-location-specific estimates of 
type 1 diabetes from total diabetes to produce estimates of 
type 2 diabetes (appendix section 4.3.3).

YLLs, YLDs, and DALYs
The methods for calculating YLLs, YLDs, and DALYs 
have been described elsewhere,6 but in brief, YLLs were 
the product of the number of deaths and standard life 
expectancy at each age of death,35 and YLDs were the 
product of the prevalence of each sequela and its 
corresponding disability weight.36 We included estimates 
for four diabetic sequelae for each type of diabetes: 
neuropathy, diabetic foot, lower limb amputation, and 
vision loss due to retinopathy. Each sequela had separate 
disability weights that were used to calculate YLDs 
(appendix sections 4.2.4, 4.3.4, and 4.4). YLDs were 
corrected for comorbidities with all other causes of ill 
health, assuming independence and a multiplicative 
function. DALYs were the sum of YLLs and YLDs.

Risk-attributable burden
We modelled 16 detailed risk factors for diabetes: ambient 
particulate matter pollution, household air pollution 
from solid fuels, smoking, second-hand smoke, high 
alcohol use, high body-mass index (BMI), diet low in 
fruits, diet low in vegetables, diet low in whole grains, 
diet high in red meat, diet high in processed meat, diet 
high in sugar-sweetened beverages, diet low in fibre, low 
physical activity, high air temperature, and low air 
temperature (appendix section 5.1). These risk factors fall 
into six categories: environmental or occupational, 
tobacco use, high alcohol use, high BMI, dietary risks, 
and low physical activity. All risk factors have been shown 
to be associated with type 2 diabetes, but high air 
temperature and low air temperature are the only risk 
factors associated with type 1 diabetes.28

To quantify the relationship between each risk factor 
and diabetes, we carried out meta-analyses following the 

For more on the Global Health 
Data Exchange see http://ghdx.

healthdata.org/

For more on the WHO STEPwise 
Approach to NCD Risk Factor 
Surveillance see https://www.

who.int/teams/
noncommunicable-diseases/

surveillance/systems-tools/steps

https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/steps
http://ghdx.healthdata.org/
http://ghdx.healthdata.org/
https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/steps
https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/steps
https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/steps
https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/steps
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comparative risk assessment approach, a framework used 
by GBD since 2002 that is predicated on a causal web of 
hierarchically organised, potentially overlapping health 
risks.29,37 For each risk factor analysed here, we estimated 
the relative risk of diabetes as a function of risk exposure, 
using the following methods, which have been extensively 
detailed elsewhere.33,38 In brief, we did a literature review 
of studies that estimated diabetes risk relative to risk 
factor exposure and extracted data to input into a set of 
flexible meta-regression procedures using regularised 
splines to estimate risk functions, as an alternative to 
imposing a log-linear risk–outcome relationship. 
Accuracy was further improved by using a robust 
likelihood-based approach—least-trimmed squares—to 
detect and trim 10% of the outlying data, testing and 
adjusting for bias related to study design, and integrating 
over exposure ranges to account for inconsistency in 
exposure levels between data sources.

Following methods established previously,28 we used 
DisMod-MR 2.1 or spatiotemporal Gaussian process 
regression to estimate exposure distributions for each 
risk factor by age, sex, year, and location, and further 
determined the theoretical minimum risk exposure level 
(TMREL), the counterfactual level of exposure that 
would minimise the risk of diabetes, on the basis of 
epidemiological evidence. Exposure, relative risk 
estimates, and TMRELs were used to calculate population 
attributable fractions (PAFs) for each risk factor by 
location, age, sex, and year. PAFs quantify the proportional 
reduction in diabetes that would occur if exposure to the 
given risk factor was reduced to the TMREL. PAFs were 
multiplied by metrics of disease burden—in this instance, 
DALYs—to estimate the risk-attributable burden.

Forecasting
We used forecasted Socio-demographic Index (SDI)39 as a 
predictor in a regression model to estimate the prevalence 
of type 1 diabetes and forecasted BMI as the predictor for 
estimating the prevalence of type 2 diabetes. These 
metrics were forecast through 2050, by age, sex, year, and 
location.40 For each location (l), age (a), sex (s), and year 
(y), we logit-transformed the GBD 2019 diabetes 
prevalence estimates logit(Yl,a,s,y) and used a fixed 
coefficient (β1) on SDI only for type 1 diabetes (equation 1) 

and BMI for type 2 diabetes (equation 2) over time, and a 
random intercept (α). 

We computed the difference between the GBD 
estimates in rate space and the forecasted estimates for 
2021 and shifted the forecasting trend through 2050 to 

align with that of GBD. To calculate the number of cases, 
we used the forecasted population multiplied by the 
corresponding predicted prevalence. Population forecasts 
are described by Vollset and colleagues.40

Uncertainty and presentation of results
At each modelling step described above, parameter 
uncertainty was incorporated by randomly drawing 
100 samples from each age-sex-location-year-specific 
parameter distribution and propagating this uncertainty 
forward through each subsequent step of the analysis. 
Likewise, 95% uncertainty intervals (UIs) for final 
estimates were calculated by generating 100 random 
draws from the estimate distribution and taking the 
2·5th and 97·5th percentile values across the 100 draws.

All count data reported are presented to three 
significant figures, while rates and percentages are 
presented to one decimal place.

Geographical locations reported
Diabetes estimates were generated for 204 countries and 
territories that are grouped on the basis of epidemiological 
patterns into seven super-regions, with these super-
regions further grouped into 21 regions based on 
geographical and epidemiological similarity (see 
appendix section 7, table S18, for the full GBD location 
hierarchy).

Code availability
All codes used for these analyses are publicly available 
online. Analyses were carried out with R (version 4.2.2).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or the 
writing of the report.

Results
Total diabetes prevalence 
In 2021, there were 529 million (95% UI 500–564) people 
of all ages, worldwide, living with diabetes, yielding a 
global age-standardised prevalence of 6·1% (5·8–6·5; 
figure 1). To facilitate comparison, we re-stratified our 
results into age groups reported by IDF and NCD-
RisC.4,11 We estimated there were 485 million (456–517) 
adults aged 20–79 years with diabetes in 2021 (for 
comparison with the 2021 IDF estimate of 537 million in 
the same age group), and 321 million (304–341) people 
aged 18 years and older with diabetes in 2010 (for rough 
comparison with the 2014 NCD-RisC estimate of 
422 million in the same age group; appendix table S20). 
Age-standardised total diabetes prevalence rates varied 
at the super-region level; north Africa and the Middle 
East had an age-standardised total diabetes prevalence 
rate of 9·3% (8·7–9·9), with country-specific rates of 
more than 10% in 11 countries in this region: Iraq 
(15·3%; 14·3–16·2), Kuwait (15·2%; 14·1–16·3), Qatar 

For the codes see https://github.
com/ihmeuw/birds/tree/
diabetes_lancet_2023

E[logit(Yl,a,s,y)] = β 1SDI + al,a,s 

E[logit(Yl,a,s,y)] = β 1BMI + al,a,s

https://github.com/ihmeuw/birds/tree/diabetes_lancet_2023
https://github.com/ihmeuw/birds/tree/diabetes_lancet_2023
https://github.com/ihmeuw/birds/tree/diabetes_lancet_2023
https://github.com/ihmeuw/birds/tree/diabetes_lancet_2023
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(15·1%; 14·0–16·2), Bahrain (15·0%; 14·1–15·8), 
Afghanistan (14·6%; 13·5–15·5), Morocco (13·8%; 
12·7–14·7), Jordan (13·5%; 12·6–14·5), Saudi Arabia 
(11·3%; 10·6–12·0), Lebanon (11·1%; 10·3–11·8), Libya 
(10·6%; 9·9–11·6), and Algeria (10·0%; 9·3–10·7). 
Oceania had the highest regional age-standardised 
prevalence, at 12·3% (11·5–13·0), where 15 of 18 countries 
and territories had a prevalence greater than 10%; age-
standardised prevalence rates were greater than 20% in 
the Marshall Islands, at 22·2% (20·7–23·9), and 
American Samoa, at 21·4% (19·9–22·7). Eastern sub-
Saharan Africa had the lowest regional diabetes 
prevalence, at 2·9% (2·7–3·1). The age-standardised 
diabetes prevalence exceeded 10% in 43 countries and 
territories in 2021 (figure 1).

Sex-specific total diabetes prevalence
The global age-standardised total diabetes prevalence 
was higher in males than in females (6·5% [95% UI 
6·2–7·0] vs 5·8% [5·4–6·1]), with a male-to-female sex 
ratio of 1·14 (1·13–1·15). The ratio varied geographically, 
from 1·26 (1·24–1·28) in the high-income super-region 

to 0·96 (0·94–0·97) in the Latin America and Caribbean 
super-region. At the regional level, the age-standardised 
diabetes prevalence in males was 1·40 (1·30–1·48) times 
higher than in females in central sub-Saharan Africa, but 
prevalence among females was more than 10% higher 
than in males in central Latin America, southern 
sub-Saharan Africa, and the Caribbean. In 64 (31·4%) 
countries and territories, age-standardised diabetes 
prevalence was lower in males than in females, and in 
six countries—Azerbaijan, Haiti, Laos, Mauritania, 
Zimbabwe, and Belize—prevalence in males was more 
than 20% lower than in females. Of the 140 (68·6%) 
countries and territories where diabetes was more 
prevalent in males than in females, in three countries—
Angola, Uganda, and Gabon—the male prevalence was 
more than 50% higher than the female prevalence 
(appendix figure S24).

Age-specific total diabetes prevalence
Globally, total diabetes prevalence exceeded 20% in every 
age group between 65–95 years but was less than 1% in age 
groups younger than 20 years. Global diabetes prevalence 
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Figure 1: Age-standardised total diabetes prevalence rates in 2021
ATG=Antigua and Barbuda. VCT=Saint Vincent and the Grenadines. LCA=Saint Lucia. TTO=Trinidad and Tobago. Isl=Islands. FSM=Federated States of Micronesia. TLS=Timor-Leste.
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peaked between ages 75–79 years, at 24·4% (95% UI 
22·3–26·2). In this age group, prevalence was highest in 
the north Africa and Middle East super-region, at 39·4% 
(36·3–42·3), and lowest in central Europe, eastern Europe, 
and central Asia, at 19·8% (18·3–21·6; figure 2). At the 
regional level, Oceania had the highest age-specific total 
diabetes prevalence in the world, at 43·0% (40·7–45·9) in 
people aged 75–79 years. The highest country-level 
prevalence was found in Qatar, at 76·1% (73·1–79·5) in 
people aged 75–79 years. In people aged 30–34 years, ten 
countries and territories—all in Oceania—had an age-
specific prevalence that exceeded 10%: Marshall Islands 
(19·5% [16·8–23·1]), American Samoa (17·3% 
[14·8–20·3]), Cook Islands (15·1% [12·9–17·9]), 
Niue (14·9% [12·8–17·4]), Palau (13·6% [11·9–15·9]), 
Tokelau (13·1% [11·4–15·2]), Samoa (12·9% [11·0–15·1]), 
Nauru (12·1% [10·5–13·8]), Federated States of Micronesia 
(10·6% [9·2–12·2]), and Kiribati (10·4% [9·0–11·8]; 
appendix figure S23).

Type-specific diabetes prevalence 
Type 2 diabetes cases made up 96·0% (95% UI 
95·1–96·8) of all diabetes cases. More than 90% of the 
age-standardised diabetes prevalence rate in every 
super-region was due to type 2 diabetes. In two regions, 
less than 90% of diabetes cases were due to type 2 
diabetes: 86·4% (83·3–89·4) in Australasia and 89·3% 
(87·0–91·5) in western Europe. Type 2 diabetes 
prevalence made up more than 80% of total diabetes 
cases in all 204 countries and territories and more than 
90% of total diabetes cases in 183 (89·7%) countries and 
territories. There was no difference in type-specific 
breakdown by sex.

Total diabetes burden: YLLs, YLDs, and DALYs
Globally, there were 37·8 million (95% UI 35·4–40·2) 
total diabetes-related YLLs and 41·4 million (29·5–55·4) 
YLDs, yielding 79·2 million (67·8–92·5) DALYs due to 
diabetes in 2021 (table; appendix table S21). Type 2 
diabetes made up 94·0% (93·6–94·6) of diabetes YLLs, 
96·6% (96·0–97·3) of YLDs, and 95·4% (94·9–95·9) of 
DALYs. The global age-standardised diabetes DALY rate 
was 915·0 (782·6–1067·5) per 100 000, the YLL rate was 
437·4 (409·2–464·1) per 100 000, and the YLD rate was 
477·6 (340·7–637·4) per 100 000.

The age-standardised DALY rate was more than 
1000 per 100 000 in four GBD super-regions: Latin 
America and Caribbean, sub-Saharan Africa, north 
Africa and the Middle East, and south Asia. Regionally, 
the age-standardised DALY rate varied from a high of 
3577·0 (95% UI 3157·0–4120·5) per 100 000 in Oceania to 
a low of 511·8 (402·0–648·3) per 100 000 in western 
Europe. At the country level, Fiji had the highest age-
standardised DALY rate, at 7333·9 (6066·7–8776·7) per 
100 000. In 47 (23·0%) countries and territories, age-
standardised DALY rates were greater than 2000 per 
100 000 (table).

Type 2 diabetes risk factors
In 2021, 58·9 million (95% UI 44·2–73·9) DALYs or 
76·5% (58·0–87·5) of DALYs due to type 2 diabetes were 
attributable to risk factors. Of the 16 risk factors we 
analysed, high BMI was the primary risk factor for type 
2 diabetes worldwide, accounting for 52·2% (25·5–71·8) 
of global type 2 diabetes DALYs. Among the other risk 
factor groups, dietary risks combined accounted for 
25·7% (8·6–40·7), environmental or occupational risks 
combined accounted for 19·6% (12·7–26·5), tobacco 
use accounted for 12·1% (4·5–20·9), low physical 
activity accounted for 7·4% (3·0–11·2), and alcohol use 
accounted for 1·8% (0·3–3·9) of type 2 diabetes DALYs.

High BMI contributed more than 60% of type 2 
diabetes DALYs in three super-regions: north Africa and 
the Middle East; Latin America and Caribbean; and 
central Europe, eastern Europe, and central Asia. 
Among the 21 regions analysed, the proportion of type 2 
diabetes DALYs due to high BMI ranged from 68·0% 
(95% UI 37·8–85·8) in north Africa and the Middle East 
to 39·5% (17·1–58·4) in south Asia. High BMI 
contributed more than 60% of DALYs in 11 other 
regions: central Latin America, central Asia, southern 
Latin America, eastern Europe, southern sub-Saharan 
Africa, high-income North America, Australasia, 
tropical Latin America, central Europe, Andean Latin 
America, and Oceania. In south Asia, high BMI 
contributed less than 40% of type 2 diabetes DALYs. 
High BMI contributed more than 50% of DALYs in 
167 (81·9%) countries and territories.

The proportion of global type 2 diabetes DALYs 
attributable to high BMI increased by 24·3% (95% UI 
18·5 to 30·4), from 42·2% (19·8 to 59·9) in 1990 to 52·2% 
(25·5 to 71·8) in 2021. Although there were increases in 

Figure 2: Prevalence of total diabetes by age and GBD super-region in 2021
The shaded areas represent 95% uncertainty intervals. GBD=Global Burden of Diseases, Injuries, and Risk Factors 
Study. 

5–9
10–14

0

10

20

30

40

<5
15–19

20–24
25–29

30–34
35–39

40–4
4

45–4
9

50–54
55–59

60–6
4

65–6
9

70–74
75–79

80–8
4

85–8
9

90–9
4

≥95

Age group (years)

Pr
ev

al
en

ce
 ra

te
 (%

)

Central Europe, eastern Europe,
and central Asia
High income
Latin America and Caribbean

North Africa and Middle East
South Asia
Southeast Asia, east Asia,
and Oceania

Sub−Saharan Africa100

50



Articles

210 www.thelancet.com   Vol 402   July 15, 2023

DALY count in 2021 
(thousands)

Percentage change in 
DALY count, 
1990–2021 (%)

Age-standardised DALY 
rate in 2021 (per 100 000)

Percentage change in age-
standardised DALY rate, 
1990–2021 (%)

Global 79 200 (67 800 to 92 500) 189·8% (171·1 to 203·4) 915·0 (782·6 to 1067·4) 38·6% (29·7 to 45·3)

Central Europe, eastern 
Europe, and central Asia

4370 (3670 to 5230) 126·9% (119·3 to 132·4) 700·0 (588·3 to 840·2) 70·8% (65·4 to 75·1)

Central Asia 800 (675 to 970) 236·0% (211·0 to 257·1) 923·6 (780·8 to 1119·9) 96·6% (82·6 to 108·9)

Armenia 32·3 (27·0 to 39·3) 52·3% (38·8 to 67·0) 771·2 (646·7 to 942·3) 4·5% (–4·7 to 14·9)

Azerbaijan 97·7 (77·0 to 122) 249·3% (196·6 to 319·7) 870·6 (689·0 to 1090·4) 72·0% (45·0 to 108·0)

Georgia 49·4 (40·1 to 60·8) 57·6% (42·9 to 78·0) 903·5 (732·2 to 1121·7) 81·4% (65·6 to 104·6)

Kazakhstan 144 (111 to 180) 142·5% (118·1 to 164·1) 750·2 (581·8 to 932·6) 70·4% (53·5 to 85·2)

Kyrgyzstan 30·3 (23·7 to 38·0) 199·3% (172·3 to 226·4) 560·7 (436·3 to 696·9) 76·5% (61·8 to 91·6)

Mongolia 17·2 (13·6 to 21·1) 337·2% (268·5 to 419·9) 564·3 (448·0 to 688·7) 76·7% (48·4 to 112·3)

Tajikistan 52·6 (43·1 to 64·1) 237·8% (182·8 to 307·7) 801·9 (659·3 to 955·8) 63·2% (36·7 to 96·7)

Turkmenistan 44·3 (35·8 to 53·2) 357·2% (286·9 to 446·2) 929·3 (757·9 to 1110·5) 112·3% (80·2 to 153·5)

Uzbekistan 341 (292 to 411) 479·8% (418·0 to 538·7) 1147·1 (980·2 to 1375·1) 150·9% (124·3 to 175·8)

Central Europe 1550 (1250 to 1890) 73·7% (63·6 to 82·0) 748·1 (598·1 to 913·2) 23·0% (15·3 to 29·4)

Albania 17·8 (13·7 to 23·2) 147·8% (119·1 to 175·6) 417·5 (323·5 to 544·8) 26·9% (12·3 to 40·5)

Bosnia and Herzegovina 75·2 (61·2 to 91·0) 171·1% (134·0 to 204·2) 1253·6 (1022·6 to 1527·9) 88·3% (62·4 to 111·5)

Bulgaria 115 (89·8 to 138) 35·5% (23·2 to 48·7) 868·1 (675·6 to 1051·7) 24·6% (13·5 to 36·2)

Croatia 62·7 (49·6 to 75·9) 73·0% (58·1 to 84·2) 743·1 (580·3 to 903·3) 29·7% (18·3 to 37·8)

Czechia 171 (136 to 211) 106·7% (87·4 to 125·6) 829·8 (659·6 to 1029·7) 35·7% (22·9 to 47·6)

Hungary 136 (109 to 170) 55·8% (43·0 to 69·8) 747·5 (594·9 to 932·2) 22·5% (12·9 to 32·3)

Montenegro 8·79 (7·12 to 10·7) 118·1% (95·9 to 139·0) 896·2 (728·1 to 1091·2) 39·7% (26·3 to 52·0)

North Macedonia 41·7 (32·6 to 51·1) 153·4% (116·8 to 190·3) 1268·1 (1000·4 to 1554·4) 46·4% (26·1 to 68·5)

Poland 520 (427 to 632) 76·6% (66·0 to 86·6) 764·5 (626·8 to 926·1) 13·5% (6·0 to 20·7)

Romania 167 (130 to 208) 47·7% (32·0 to 61·6) 482·9 (374·8 to 607·4) 18·8% (5·3 to 30·8)

Serbia 161 (127 to 197) 73·7% (56·3 to 95·3) 1020·2 (794·1 to 1249·1) 24·1% (11·2 to 40·2)

Slovakia 52·0 (40·1 to 64·2) 62·0% (43·5 to 79·3) 565·3 (438·2 to 700·8) 4·8% (–7·5 to 15·4)

Slovenia 22·1 (17·5 to 27·6) 68·7% (54·6 to 82·3) 540·8 (423·5 to 678·6) 0·0% (–9·2 to 8·5)

Eastern Europe 2020 (1730 to 2370) 153·9% (144·0 to 165·1) 596·8 (508·3 to 706·5) 104·6% (97·4 to 112·7)

Belarus 52·3 (41·0 to 65·9) 59·8% (44·9 to 73·7) 353·4 (281·1 to 444·3) 36·7% (25·0 to 48·6)

Estonia 14·5 (11·9 to 18·0) 130·0% (115·0 to 147·7) 635·2 (517·4 to 798·5) 96·5% (84·4 to 110·4)

Latvia 23·8 (19·8 to 28·8) 105·3% (90·9 to 119·9) 702·4 (588·1 to 852·5) 104·7% (89·8 to 120·0)

Lithuania 26·9 (22·3 to 33·3) 132·9% (111·9 to 149·3) 551·1 (454·0 to 687·3) 107·7% (90·0 to 123·5)

Moldova 36·6 (29·3 to 46·3) 95·9% (81·0 to 112·7) 668·0 (537·5 to 847·3) 62·0% (49·9 to 75·0)

Russia 1580 (1370 to 1830) 206·7% (191·9 to 225·4) 671·2 (583·8 to 780·4) 131·4% (121·6 to 145·0)

Ukraine 285 (217 to 354) 42·8% (29·1 to 56·9) 409·4 (312·0 to 504·9) 38·4% (24·3 to 52·3)

High income 12 800 (10 200 to 15 700) 114·7% (94·6 to 132·5) 676·9 (536·0 to 839·8) 31·6% (19·1 to 43·4)

Australasia 226 (183 to 288) 140·8% (122·2 to 164·8) 469·2 (378·1 to 602·4) 15·3% (5·5 to 27·1)

Australia 188 (152 to 240) 148·1% (126·5 to 175·4) 462·3 (373·1 to 597·4) 17·8% (7·1 to 32·0)

New Zealand 38·6 (30·8 to 46·9) 111·0% (91·4 to 126·4) 503·2 (399·3 to 616·2) 4·6% (–5·1 to 13·6)

High-income Asia Pacific 2340 (1780 to 2980) 133·5% (110·4 to 154·9) 642·5 (487·3 to 829·0) 29·3% (14·9 to 42·3)

Brunei 8·37 (7·00 to 9·97) 213·7% (155·8 to 259·6) 2279·7 (1946·8 to 2686·7) –7·7% (–23·2 to 5·8)

Japan 1400 (1050 to 1800) 99·3% (83·1 to 118·5) 512·8 (381·4 to 665·9) 21·4% (8·4 to 34·5)

Singapore 56·7 (40·2 to 78·0) 179·9% (133·2 to 221·4) 661·1 (467·9 to 910·6) –21·2% (–34·5 to –9·3)

South Korea 879 (670 to 1130) 215·6% (172·8 to 257·4) 966·4 (737·7 to 1251·9) 16·4% (0·0 to 33·5)

High-income North America 5470 (4400 to 6580) 170·0% (147·2 to 188·3) 928·6 (744·8 to 1122·5) 53·6% (40·6 to 63·6)

Canada 435 (335 to 562) 205·2% (168·7 to 246·4) 668·1 (519·4 to 859·5) 49·9% (32·1 to 69·8)

Greenland 0·361 (0·282 to 0·435) 136·5% (91·6 to 180·5) 492·5 (386·3 to 591·1) 21·3% (–0·3 to 44·5)

USA 5040 (4060 to 6010) 168·1% (145·4 to 185·2) 958·5 (770·8 to 1150·9) 53·9% (41·0 to 63·6)

Southern Latin America 648 (524 to 802) 105·9% (86·1 to 126·9) 762·3 (617·3 to 946·0) 12·7% (1·6 to 24·4)

Argentina 426 (350 to 522) 81·8% (62·6 to 99·7) 780·1 (639·2 to 957·3) 8·0% (–3·5 to 18·7)

Chile 183 (146 to 233) 205·6% (172·5 to 248·0) 725·1 (577·6 to 923·6) 24·1% (10·7 to 41·0)

Uruguay 38·7 (32·3 to 47·0) 90·9% (76·4 to 111·7) 753·0 (623·6 to 919·4) 42·7% (31·5 to 58·3)

(Table continues on next page)
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DALY count in 2021 
(thousands)

Percentage change in 
DALY count, 
1990–2021 (%)

Age-standardised DALY 
rate in 2021 (per 100 000)

Percentage change in age-
standardised DALY rate, 
1990–2021 (%)

(Continued from previous page)

Western Europe 4070 (3280 to 5030) 62·6% (47·1 to 77·4) 511·8 (402·0 to 648·3) 13·2% (1·6 to 25·9)

Andorra 0·724 (0·579 to 0·941) 212·5% (148·7 to 282·8) 510·6 (404·9 to 665·7) 22·8% (–2·3 to 50·4)

Austria 66·6 (54·3 to 79·9) 49·2% (33·0 to 65·7) 402·0 (322·2 to 492·3) 3·5% (–9·2 to 16·9)

Belgium 96·7 (73·1 to 129) 61·1% (41·8 to 80·6) 494·3 (372·4 to 669·1) 19·6% (4·3 to 35·0)

Cyprus 17·2 (14·2 to 21·5) 58·3% (36·0 to 79·9) 873·5 (722·7 to 1091·7) –39·6% (–48·3 to –31·4)

Denmark 46·1 (38·3 to 55·6) 76·9% (59·3 to 94·3) 440·8 (359·4 to 538·1) 24·0% (11·3 to 37·0)

Finland 55·7 (41·6 to 72·8) 101·8% (87·3 to 116·7) 577·7 (427·5 to 756·2) 39·3% (28·1 to 50·6)

France 426 (345 to 524) 90·3% (74·4 to 108·1) 351·7 (278·2 to 445·7) 25·0% (13·1 to 37·8)

Germany 804 (662 to 966) 56·8% (40·0 to 73·5) 482·1 (390·3 to 593·3) 15·1% (2·3 to 28·9)

Greece 102 (77·2 to 132) 88·6% (77·0 to 101·5) 534·8 (399·5 to 703·1) 42·6% (32·1 to 52·7)

Iceland 2·10 (1·57 to 2·72) 188·7% (156·8 to 211·8) 408·8 (303·2 to 540·4) 55·7% (38·0 to 68·4)

Ireland 27·7 (21·4 to 36·3) 81·2% (58·9 to 104·1) 386·6 (295·5 to 505·8) 0·8% (–11·6 to 13·9)

Israel 81·9 (67·3 to 98·8) 159·1% (141·9 to 176·2) 690·7 (567·3 to 839·3) 4·7% (–2·4 to 11·7)

Italy 665 (557 to 792) 31·0% (20·5 to 42·4) 521·1 (422·4 to 637·8) –11·5% (–20·3 to –2·5)

Luxembourg 4·30 (3·31 to 5·48) 109·4% (81·7 to 129·5) 440·0 (336·1 to 565·0) 11·9% (–3·5 to 23·1)

Malta 6·28 (5·03 to 7·94) 127·8% (96·4 to 163·9) 738·0 (585·7 to 953·5) 13·0% (–3·7 to 32·2)

Monaco 0·283 (0·214 to 0·359) 129·5% (104·8 to 154·5) 375·5 (275·0 to 478·4) 77·1% (61·5 to 94·7)

Netherlands 137 (111 to 171) 32·3% (17·1 to 51·2) 445·2 (355·9 to 563·0) –16·5% (–26·3 to –3·8)

Norway 36·8 (29·4 to 45·5) 54·1% (46·2 to 61·4) 433·2 (339·1 to 545·4) 7·0% (1·0 to 12·8)

Portugal 157 (124 to 199) 68·2% (48·4 to 90·8) 736·1 (573·1 to 952·9) 6·9% (–7·6 to 22·3)

San Marino 0·232 (0·179 to 0·300) 167·6% (132·4 to 204·5) 413·3 (313·5 to 540·1) 47·9% (27·4 to 65·7)

Spain 554 (423 to 729) 62·8% (43·1 to 82·2) 650·1 (491·1 to 868·0) 1·3% (–12·3 to 14·6)

Sweden 84·0 (68·2 to 102) 58·2% (45·1 to 70·5) 465·0 (365·4 to 577·8) 15·9% (5·9 to 25·1)

Switzerland 89·2 (68·0 to 118) 75·4% (53·4 to 97·7) 578·8 (435·7 to 770·7) 12·7% (–1·5 to 26·2)

UK 601 (458 to 764) 92·4% (70·3 to 111·6) 580·3 (431·2 to 751·1) 53·5% (34·0 to 70·1)

Latin America and Caribbean 9160 (7850 to 10 600) 193·1% (177·6 to 205·7) 1446·1 (1240·9 to 1673·7) 10·1% (4·1 to 15·0)

Andean Latin America 582 (473 to 707) 290·7% (245·4 to 344·7) 962·1 (782·4 to 1166·8) 40·5% (24·1 to 60·0)

Bolivia 142 (115 to 177) 257·4% (198·9 to 343·6) 1482·2 (1205·0 to 1828·0) 27·0% (6·5 to 57·4)

Ecuador 206 (168 to 252) 359·9% (300·1 to 413·6) 1257·7 (1027·0 to 1532·8) 57·6% (37·0 to 76·0)

Peru 233 (183 to 290) 264·7% (208·3 to 330·1) 678·6 (532·1 to 844·7) 34·8% (13·5 to 58·7)

Caribbean 924 (774 to 1140) 124·6% (105·5 to 146·5) 1722·1 (1442·8 to 2116·7) 12·9% (3·2 to 23·9)

Antigua and Barbuda 2·36 (2·01 to 2·82) 122·3% (104·1 to 142·7) 2202·5 (1875·0 to 2613·0) 6·6% (–1·9 to 16·3)

The Bahamas 7·60 (6·26 to 9·55) 166·7% (130·4 to 206·8) 1759·3 (1452·3 to 2185·9) 2·8% (–10·7 to 17·8)

Barbados 9·94 (8·16 to 12·1) 61·1% (38·7 to 86·2) 2015·7 (1652·9 to 2474·1) –7·9% (–20·6 to 6·8)

Belize 6·79 (5·71 to 8·08) 343·1% (303·1 to 388·5) 2082·4 (1767·0 to 2459·3) 35·5% (24·4 to 48·1)

Bermuda 1·15 (0·906 to 1·41) 68·5% (45·8 to 89·5) 928·4 (732·2 to 1144·6) –14·4% (–26·1 to –3·1)

Cuba 149 (116 to 196) 68·8% (50·4 to 88·4) 806·9 (626·1 to 1061·3) –5·0% (–15·6 to 6·4)

Dominica 2·35 (1·95 to 2·77) 60·0% (42·9 to 77·2) 2592·0 (2151·2 to 3058·7) 23·4% (10·5 to 37·1)

Dominican Republic 159 (126 to 192) 304·1% (244·9 to 357·3) 1566·3 (1244·2 to 1882·6) 67·1% (42·6 to 89·0)

Grenada 3·40 (2·91 to 4·01) 94·6% (74·3 to 115·1) 2908·0 (2508·7 to 3409·0) 16·6% (5·2 to 27·8)

Guyana 24·4 (19·2 to 29·3) 108·5% (79·0 to 139·9) 3477·6 (2755·8 to 4160·9) 25·6% (8·3 to 43·2)

Haiti 242 (196 to 320) 142·2% (91·1 to 198·8) 2931·0 (2369·9 to 3870·4) 6·9% (–15·6 to 30·8)

Jamaica 65·4 (53·5 to 77·9) 90·0% (58·7 to 123·0) 2115·9 (1729·3 to 2520·6) 9·5% (–8·7 to 28·4)

Puerto Rico 123 (99·5 to 154) 94·1% (76·1 to 112·1) 1934·2 (1541·0 to 2440·5) 9·9% (–0·2 to 22·0)

Saint Kitts and Nevis 1·49 (1·22 to 1·81) 78·1% (50·3 to 103·0) 2031·5 (1681·0 to 2430·3) –11·9% (–23·4 to –1·9)

Saint Lucia 5·27 (4·28 to 6·35) 107·4% (85·5 to 132·6) 2309·0 (1874·8 to 2774·3) –19·1% (–27·7 to –9·0)

Saint Vincent and the 
Grenadines

3·86 (3·24 to 4·57) 85·5% (63·5 to 107·5) 2732·3 (2301·1 to 3218·6) –4·2% (–15·2 to 6·8)

Suriname 14·0 (11·0 to 16·7) 243·1% (194·0 to 289·5) 2140·5 (1695·3 to 2537·5) 44·4% (23·5 to 64·1)

Trinidad and Tobago 67·3 (54·7 to 80·9) 100·5% (73·5 to 132·4) 3468·0 (2824·5 to 4171·5) –10·8% (–22·8 to 3·3)

Virgin Islands 3·59 (2·76 to 4·41) 146·7% (107·8 to 182·0) 2082·7 (1591·3 to 2557·8) 27·3% (5·9 to 44·1)

(Table continues on next page)
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Central Latin America 4810 (4120 to 5540) 222·5% (202·5 to 239·1) 1865·9 (1601·9 to 2146·4) 13·9% (6·7 to 20·1)

Colombia 470 (362 to 590) 180·0% (148·7 to 207·6) 841·3 (647·5 to 1057·6) –2·6% (–14·5 to 7·4)

Costa Rica 59·1 (46·2 to 74·5) 334·4% (301·0 to 362·0) 1074·4 (841·0 to 1353·2) 47·4% (36·0 to 58·1)

El Salvador 99·5 (81·8 to 119) 269·1% (224·2 to 328·5) 1625·6 (1333·0 to 1942·8) 93·2% (70·3 to 125·1)

Guatemala 277 (233 to 323) 737·3% (662·0 to 836·9) 2377·2 (2006·3 to 2777·2) 212·5% (182·1 to 250·2)

Honduras 100 (80·4 to 126) 454·8% (386·5 to 533·7) 1434·0 (1156·8 to 1787·1) 85·0% (63·4 to 111·4)

Mexico 3160 (2720 to 3530) 192·5% (173·7 to 206·9) 2451·3 (2122·5 to 2733·0) 5·3% (–1·4 to 10·5)

Nicaragua 76·5 (63·0 to 95·4) 329·5% (283·2 to 379·5) 1498·1 (1244·5 to 1854·1) 47·1% (30·3 to 64·3)

Panama 56·2 (45·0 to 67·2) 337·9% (289·3 to 388·2) 1265·1 (1010·5 to 1510·6) 56·3% (38·3 to 74·7)

Venezuela 502 (402 to 605) 316·5% (256·3 to 384·2) 1597·3 (1280·8 to 1922·2) 39·1% (19·0 to 62·0)

Tropical Latin America 2850 (2460 to 3290) 165·0% (153·9 to 177·1) 1092·4 (945·9 to 1261·3) –0·6% (–5·1 to 3·9)

Brazil 2740 (2370 to 3160) 159·7% (149·2 to 172·1) 1075·2 (931·4 to 1239·0) –2·7% (–7·1 to 2·1)

Paraguay 110 (89·2 to 136) 429·0% (348·8 to 553·8) 1831·6 (1487·5 to 2246·3) 107·8% (75·9 to 157·6)

North Africa and Middle East 6650 (5330 to 8120) 348·3% (296·1 to 389·1) 1338·3 (1087·5 to 1632·2) 67·5% (48·0 to 82·5)

North Africa and Middle East 6650 (5330 to 8120) 348·3% (296·1 to 389·1) 1338·3 (1087·5 to 1632·2) 67·5% (48·0 to 82·5)

Afghanistan 366 (282 to 462) 327·2% (250·3 to 393·8) 2099·1 (1634·4 to 2633·2) 93·7% (59·7 to 122·1)

Algeria 437 (320 to 545) 481·2% (417·5 to 544·4) 1148·4 (855·6 to 1413·8) 101·2% (80·0 to 121·4)

Bahrain 37·5 (30·6 to 45·2) 693·4% (565·3 to 819·2) 3125·4 (2614·7 to 3660·0) 21·9% (4·0 to 42·8)

Egypt 1220 (993 to 1440) 386·2% (306·5 to 462·3) 1713·4 (1406·1 to 2009·2) 122·4% (86·5 to 156·0)

Iran 780 (631 to 947) 426·2% (363·8 to 464·6) 961·3 (786·6 to 1158·7) 82·1% (58·8 to 95·7)

Iraq 608 (453 to 754) 369·3% (286·7 to 449·5) 2193·8 (1688·9 to 2691·6) 45·9% (21·7 to 70·0)

Jordan 148 (117 to 184) 491·2% (391·1 to 606·2) 1792·3 (1459·9 to 2220·5) 1·6% (–16·3 to 22·0)

Kuwait 62·2 (46·2 to 80·4) 682·3% (600·7 to 758·0) 1666·7 (1268·4 to 2159·2) 60·8% (44·7 to 77·9)

Lebanon 80·8 (64·1 to 101) 177·6% (132·1 to 219·9) 1481·5 (1174·1 to 1856·7) 18·5% (–0·5 to 37·6)

Libya 84·9 (67·4 to 108) 560·4% (464·1 to 655·3) 1392·5 (1122·5 to 1767·4) 123·5% (88·7 to 154·7)

Morocco 559 (438 to 693) 451·5% (389·5 to 516·7) 1592·8 (1247·8 to 1970·3) 137·6% (110·1 to 161·2)

Oman 39·6 (32·9 to 47·6) 302·2% (205·7 to 377·3) 1656·7 (1410·7 to 1957·2) 30·7% (–1·7 to 57·6)

Palestine 47·1 (40·0 to 55·8) 278·8% (210·9 to 343·0) 1782·5 (1530·8 to 2084·5) 29·4% (5·3 to 51·9)

Qatar 34·2 (26·3 to 44·2) 1235·6% (946·6 to 1505·7) 2217·1 (1780·0 to 2815·6) 6·4% (–18·6 to 27·2)

Saudi Arabia 391 (306 to 489) 541·8% (375·2 to 679·2) 1456·8 (1179·8 to 1781·1) 64·3% (21·1 to 98·2)

Sudan 225 (172 to 279) 281·2% (216·0 to 341·0) 989·8 (784·3 to 1227·1) 81·0% (52·5 to 106·7)

Syria 147 (116 to 185) 239·1% (179·9 to 299·4) 1090·0 (864·6 to 1369·0) 48·9% (23·0 to 75·6)

Tunisia 152 (114 to 192) 451·4% (379·7 to 525·9) 1111·2 (836·7 to 1392·4) 116·2% (86·2 to 145·3)

Türkiye 1010 (833 to 1250) 184·1% (136·4 to 236·1) 1074·0 (888·7 to 1319·3) 10·8% (–7·9 to 31·1)

United Arab Emirates 82·2 (62·2 to 107) 1161·8% (863·5 to 1360·7) 1486·3 (1176·6 to 1815·6) 10·8% (–15·9 to 31·8)

Yemen 132 (101 to 173) 337·6% (264·5 to 424·4) 800·4 (616·8 to 1059·2) 59·1% (31·5 to 89·3)

South Asia 18 000 (15 500 to 20 500) 267·0% (230·1 to 299·6) 1153·4 (999·6 to 1306·6) 44·6% (30·0 to 58·2)

South Asia 18 000 (15 500 to 20 500) 267·0% (230·1 to 299·6) 1153·4 (999·6 to 1306·6) 44·6% (30·0 to 58·2)

Bangladesh 1650 (1350 to 2060) 282·6% (226·1 to 342·0) 1148·7 (939·1 to 1425·3) 37·8% (18·1 to 61·4)

Bhutan 6·50 (5·16 to 7·83) 210·3% (152·9 to 284·2) 1061·5 (851·2 to 1278·8) 41·6% (17·3 to 75·5)

India 13 900 (11 900 to 15 800) 262·9% (225·9 to 304·6) 1106·2 (952·1 to 1250·3) 44·0% (28·6 to 61·8)

Nepal 304 (245 to 377) 285·3% (224·2 to 373·6) 1240·2 (1009·1 to 1516·9) 63·5% (37·0 to 102·0)

Pakistan 2070 (1650 to 2420) 283·3% (232·6 to 347·4) 1604·6 (1301·4 to 1859·8) 80·1% (57·6 to 110·9)

Southeast Asia, east Asia, 
and Oceania

20 800 (17 600 to 24 300) 187·7% (165·6 to 206·9) 735·6 (621·3 to 861·9) 25·3% (15·2 to 33·8)

East Asia 12 400 (9900 to 15 000) 171·1% (144·8 to 190·5) 592·5 (472·1 to 720·7) 24·0% (9·3 to 35·3)

China 11 700 (9310 to 14 200) 172·9% (145·5 to 194·1) 581·5 (460·5 to 707·6) 25·2% (9·7 to 37·0)

North Korea 257 (205 to 326) 176·8% (127·3 to 229·0) 764·9 (611·9 to 962·9) 41·4% (16·1 to 66·3)

Taiwan (province of China) 406 (337 to 489) 124·7% (104·9 to 143·5) 1002·2 (832·0 to 1210·2) –8·4% (–17·1 to –0·1)

(Table continues on next page)
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Oceania 308 (269 to 355) 213·9% (151·7 to 270·2) 3577·0 (3157·0 to 4120·5) 22·5% (–1·4 to 43·4)

American Samoa 2·24 (1·92 to 2·62) 208·3% (159·3 to 263·7) 4307·8 (3692·1 to 4989·9) 49·8% (26·4 to 75·9)

Cook Islands 1·03 (0·868 to 1·18) 91·1% (56·2 to 120·5) 4029·3 (3361·3 to 4643·7) –2·0% (–19·6 to 12·9)

Federated States of 
Micronesia

3·19 (2·55 to 3·85) 138·3% (93·8 to 194·0) 3933·7 (3207·9 to 4681·1) 50·1% (22·6 to 85·2)

Fiji 59·9 (49·1 to 72·5) 182·8% (118·8 to 252·7) 7333·9 (6066·7 to 8776·7) 38·5% (7·5 to 71·5)

Guam 2·54 (2·06 to 3·03) 137·3% (110·1 to 163·5) 1289·1 (1045·8 to 1545·5) 0·3% (–12·3 to 11·4)

Kiribati 4·42 (3·61 to 5·50) 166·2% (112·0 to 238·9) 5510·6 (4508·6 to 6709·3) 36·3% (6·5 to 69·5)

Marshall Islands 2·45 (1·89 to 3·17) 293·0% (206·7 to 367·4) 5750·8 (4384·5 to 7411·2) 69·8% (32·2 to 101·0)

Nauru 0·272 (0·220 to 0·341) 68·7% (35·2 to 117·5) 4870·4 (4039·5 to 5855·2) 38·6% (12·5 to 78·5)

Niue 0·0887 (0·0723 to 0·105) 64·6% (29·8 to 92·5) 4095·0 (3321·0 to 4823·2) 62·3% (27·9 to 89·6)

Northern Mariana Islands 1·38 (1·17 to 1·70) 228·5% (159·0 to 283·2) 2199·4 (1871·3 to 2680·6) 14·1% (–8·5 to 34·0)

Palau 0·891 (0·763 to 1·08) 227·0% (169·0 to 309·2) 3726·9 (3210·3 to 4536·0) 43·4% (19·2 to 78·6)

Papua New Guinea 187 (157 to 225) 239·8% (143·5 to 337·0) 3062·0 (2597·2 to 3685·0) 18·6% (–14·6 to 52·3)

Samoa 5·48 (4·61 to 6·57) 152·3% (109·8 to 200·3) 3390·8 (2876·6 to 4052·4) 44·0% (20·0 to 70·2)

Solomon Islands 13·6 (11·0 to 16·9) 268·7% (154·5 to 421·5) 3473·1 (2878·9 to 4232·1) 46·6% (2·6 to 97·3)

Tokelau 0·0503 (0·0410 to 0·0600) 49·1% (25·5 to 79·2) 3345·0 (2747·6 to 3948·8) 31·9% (11·1 to 56·3)

Tonga 2·99 (2·44 to 3·46) 90·0% (55·1 to 130·2) 3640·0 (2966·9 to 4203·8) 35·5% (10·8 to 63·6)

Tuvalu 0·357 (0·300 to 0·422) 93·5% (65·7 to 128·5) 3259·8 (2755·1 to 3847·4) 27·5% (9·7 to 49·6)

Vanuatu 6·01 (5·05 to 6·97) 301·3% (216·9 to 400·6) 3006·9 (2550·6 to 3504·3) 45·7% (16·0 to 80·1)

Southeast Asia 8100 (7220 to 9290) 216·6% (185·8 to 244·3) 1220·7 (1084·5 to 1393·3) 31·8% (19·3 to 43·3)

Cambodia 160 (130 to 199) 252·3% (173·7 to 337·9) 1205·1 (982·9 to 1497·6) 35·1% (5·7 to 66·9)

Indonesia 2570 (2190 to 2960) 224·0% (181·4 to 258·5) 1067·0 (913·7 to 1215·4) 48·7% (29·7 to 64·4)

Laos 69·4 (56·8 to 86·4) 159·1% (105·5 to 232·1) 1399·1 (1145·8 to 1723·4) 20·1% (–3·5 to 52·0)

Malaysia 318 (258 to 382) 224·1% (186·5 to 257·5) 1073·7 (879·7 to 1284·2) 7·3% (–5·2 to 19·7)

Maldives 3·22 (2·67 to 3·91) 188·6% (135·5 to 235·2) 867·6 (730·0 to 1043·3) –21·9% (–35·1 to –9·8)

Mauritius 65·1 (59·2 to 72·6) 340·4% (317·6 to 360·7) 3480·5 (3163·3 to 3879·7) 87·5% (78·0 to 96·5)

Myanmar 1000 (832 to 1200) 119·9% (66·5 to 179·8) 1996·5 (1650·3 to 2388·4) 11·0% (–14·7 to 40·8)

Philippines 1190 (1080 to 1310) 268·2% (244·3 to 296·0) 1357·9 (1234·4 to 1488·3) 39·9% (31·5 to 50·7)

Seychelles 1·82 (1·44 to 2·31) 347·5% (295·4 to 398·0) 1524·8 (1215·2 to 1928·2) 114·8% (91·9 to 138·8)

Sri Lanka 529 (416 to 646) 301·7% (230·8 to 378·2) 1952·5 (1540·5 to 2378·8) 62·1% (34·1 to 91·5)

Thailand 1070 (847 to 1290) 248·5% (187·6 to 317·9) 996·4 (790·8 to 1194·2) 23·8% (2·0 to 49·2)

Timor-Leste 9·40 (7·69 to 11·5) 350·7% (255·7 to 461·0) 1051·4 (861·6 to 1284·4) 69·5% (35·9 to 110·2)

Viet Nam 1090 (913 to 1300) 217·6% (154·4 to 281·3) 1118·3 (935·5 to 1329·5) 33·1% (6·4 to 58·8)

Sub-Saharan Africa 7560 (6720 to 8730) 175·6% (145·4 to 200·4) 1387·6 (1247·6 to 1589·2) 21·4% (7·9 to 31·6)

Central sub-Saharan Africa 1060 (887 to 1270) 195·0% (138·8 to 260·6) 1631·3 (1376·3 to 1914·5) 14·7% (–6·8 to 39·8)

Angola 235 (191 to 292) 262·9% (175·0 to 356·7) 1650·6 (1379·4 to 2022·0) 15·8% (–11·8 to 45·6)

Central African Republic 57·6 (45·8 to 71·2) 137·2% (97·2 to 194·9) 2120·9 (1666·3 to 2574·1) 16·4% (–3·3 to 40·9)

Congo (Brazzaville) 61·8 (51·3 to 74·7) 194·8% (132·9 to 269·1) 1954·0 (1656·2 to 2322·6) 9·1% (–10·8 to 33·9)

Democratic Republic of the 
Congo

670 (554 to 803) 184·1% (115·7 to 259·5) 1548·7 (1287·0 to 1836·5) 14·7% (–11·5 to 45·7)

Equatorial Guinea 11·7 (9·02 to 15·7) 239·8% (153·6 to 347·4) 1903·0 (1507·2 to 2541·0) 21·1% (–6·2 to 57·5)

Gabon 26·8 (21·2 to 34·4) 166·8% (115·3 to 242·9) 2245·1 (1805·7 to 2846·3) 31·1% (5·9 to 65·6)

Eastern sub-Saharan Africa 2390 (2170 to 2720) 112·9% (93·2 to 140·7) 1197·0 (1080·8 to 1351·0) –5·4% (–14·4 to 6·3)

Burundi 69·9 (54·8 to 96·1) 87·2% (49·5 to 135·8) 1248·1 (972·5 to 1719·7) –10·7% (–29·9 to 15·4)

Comoros 7·38 (5·70 to 9·02) 143·7% (79·3 to 203·7) 1369·6 (1049·7 to 1675·2) 10·9% (–18·4 to 39·6)

Djibouti 9·15 (7·24 to 12·2) 445·9% (327·7 to 596·2) 1289·2 (1051·9 to 1683·3) 35·7% (5·1 to 71·2)

Eritrea 54·0 (41·8 to 68·4) 218·7% (159·8 to 288·4) 1606·5 (1256·2 to 2033·8) 16·5% (–3·3 to 36·7)

Ethiopia 573 (502 to 639) 31·3% (10·8 to 58·7) 1125·9 (989·3 to 1258·3) –38·8% (–48·0 to –27·5)

Kenya 254 (221 to 302) 284·1% (224·3 to 367·9) 987·6 (865·7 to 1167·0) 38·8% (16·7 to 67·8)

(Table continues on next page)



Articles

214 www.thelancet.com   Vol 402   July 15, 2023

every super-region, the largest change occurred in south 
Asia, with an increase of 58·0% (44·0 to 75·4). At the 
regional level, the increase in type 2 diabetes DALYs 
attributable to high BMI between 1990 and 2021 was 
greater than 45% in south Asia (58·0%; 44·0 to 75·4), 
central sub-Saharan Africa (48·8%; 35·8 to 61·2), and east 
Asia (45·7%; 33·5 to 57·3). Over this period, the proportion 
of DALYS due to high BMI increased in every country and 
territory, ranging from an increase of 77·2% (52·2 to 107·9) 
in Viet Nam to 1·3% (–1·5 to 4·1) in Czechia (figure 3).

Diabetes prevalence over time: 1990 to 2021, 
and forecasts to 2050
Between 1990 and 2021, the global age-standardised 
prevalence of diabetes increased by 90·5% (95% UI 
85·8–93·6), from 3·2% (3·0–3·5) to 6·1% (5·8–6·5; 
appendix table S22). This increase exceeded 100% in 
two super-regions: north Africa and the Middle East 
(161·5%; 154·3–168·7) and the high-income super-
region (114·8%; 109·6–119·7). Six regions (north Africa 
and the Middle East, high-income North America, 

DALY count in 2021 
(thousands)

Percentage change in 
DALY count, 
1990–2021 (%)

Age-standardised DALY 
rate in 2021 (per 100 000)
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Madagascar 144 (116 to 179) 159·9% (110·5 to 221·8) 1051·9 (849·7 to 1309·9) 16·4% (–4·9 to 44·4)

Malawi 113 (92·0 to 135) 118·1% (80·9 to 162·7) 1284·3 (1038·3 to 1531·5) 12·7% (–5·6 to 35·9)

Mozambique 204 (160 to 249) 175·0% (113·9 to 240·1) 1476·8 (1183·7 to 1765·7) 41·2% (11·5 to 73·7)

Rwanda 79·1 (57·6 to 106) 54·4% (19·1 to 90·6) 1126·8 (801·4 to 1517·9) –26·1% (–42·4 to –10·2)

Somalia 142 (111 to 179) 225·8% (162·6 to 304·4) 1631·2 (1318·2 to 2027·8) 15·1% (–5·9 to 40·9)

South Sudan 71·7 (57·2 to 95·4) 125·8% (72·3 to 209·8) 1553·8 (1246·4 to 2083·2) 33·3% (1·3 to 82·9)

Tanzania 322 (270 to 382) 157·5% (115·3 to 210·6) 1090·2 (913·7 to 1291·3) 12·6% (–4·8 to 37·5)

Uganda 214 (167 to 286) 185·4% (105·5 to 261·7) 1239·5 (959·8 to 1659·6) 21·4% (–11·9 to 53·1)

Zambia 131 (105 to 162) 177·0% (110·8 to 250·6) 1499·3 (1194·8 to 1858·4) 10·5% (–13·5 to 36·6)

Southern sub-Saharan Africa 1290 (1190 to 1410) 260·9% (231·1 to 288·7) 2128·5 (1978·7 to 2333·3) 73·3% (59·6 to 86·1)

Botswana 25·0 (21·4 to 28·9) 191·9% (119·0 to 273·4) 1690·0 (1443·9 to 1932·7) 16·8% (–10·8 to 49·3)

Eswatini 20·8 (16·4 to 27·4) 244·5% (170·7 to 376·3) 3334·2 (2669·6 to 4350·2) 67·0% (32·3 to 129·0)

Lesotho 36·2 (28·2 to 44·8) 205·6% (134·9 to 330·9) 2711·4 (2145·2 to 3314·6) 131·9% (80·9 to 220·4)

Namibia 28·3 (22·2 to 35·6) 153·7% (99·6 to 217·1) 1901·2 (1501·7 to 2375·0) 27·3% (0·7 to 57·1)

South Africa 1030 (937 to 1140) 271·1% (239·4 to 298·5) 2150·8 (1962·4 to 2367·3) 71·5% (57·6 to 84·8)

Zimbabwe 145 (120 to 179) 258·5% (180·1 to 353·4) 1899·2 (1570·7 to 2329·5) 96·8% (55·1 to 145·3)

Western sub-Saharan Africa 2820 (2340 to 3340) 213·3% (166·3 to 259·3) 1245·7 (1058·9 to 1460·1) 33·8% (14·6 to 51·2)

Benin 82·6 (67·5 to 101) 311·2% (234·0 to 382·9) 1344·0 (1096·9 to 1632·3) 53·0% (25·9 to 76·3)

Burkina Faso 128 (105 to 157) 176·5% (111·4 to 239·5) 1119·2 (915·3 to 1359·2) 16·3% (–9·8 to 39·2)

Cabo Verde 6·20 (4·80 to 7·34) 418·7% (360·6 to 489·5) 1316·5 (1029·0 to 1552·2) 160·2% (132·2 to 194·7)

Cameroon 223 (168 to 285) 326·9% (242·2 to 462·6) 1532·2 (1181·5 to 1947·8) 44·5% (14·1 to 89·2)

Chad 87·3 (70·0 to 109) 282·3% (217·7 to 353·9) 1227·8 (977·1 to 1518·7) 69·1% (39·6 to 101·6)

Côte d’Ivoire 179 (145 to 219) 295·2% (214·4 to 377·1) 1366·9 (1127·7 to 1673·7) 45·6% (17·0 to 78·5)

The Gambia 16·0 (13·1 to 20·2) 376·0% (282·7 to 471·2) 1407·0 (1130·9 to 1778·1) 73·5% (39·4 to 105·8)

Ghana 283 (229 to 351) 380·0% (278·8 to 499·8) 1502·0 (1222·6 to 1838·6) 82·2% (43·4 to 129·8)

Guinea 80·5 (65·3 to 98·3) 164·9% (110·2 to 232·3) 1267·2 (1043·5 to 1556·9) 50·7% (20·2 to 88·7)

Guinea-Bissau 15·6 (13·0 to 19·0) 157·0% (111·1 to 218·8) 1747·0 (1463·8 to 2118·2) 36·7% (11·8 to 69·5)

Liberia 36·3 (27·8 to 46·2) 228·6% (162·6 to 289·8) 1427·7 (1112·3 to 1804·9) 54·0% (24·9 to 86·3)

Mali 176 (147 to 213) 241·1% (182·5 to 295·4) 1679·9 (1415·5 to 2038·6) 48·7% (24·1 to 71·6)

Mauritania 24·8 (19·2 to 31·6) 170·0% (119·1 to 249·5) 1065·7 (830·4 to 1351·9) 25·5% (1·9 to 61·6)

Niger 100 (79·4 to 131) 294·3% (224·2 to 375·0) 1015·3 (812·7 to 1335·0) 40·7% (18·9 to 68·3)

Nigeria 1140 (917 to 1380) 154·5% (106·4 to 213·1) 1103·6 (914·0 to 1298·0) 16·0% (–6·0 to 40·9)

São Tomé and Príncipe 1·17 (0·885 to 1·46) 201·2% (161·9 to 252·6) 911·6 (711·8 to 1136·5) 65·2% (48·7 to 89·5)

Senegal 138 (113 to 167) 270·8% (212·3 to 337·6) 1618·7 (1325·9 to 1973·4) 59·3% (33·4 to 87·1)

Sierra Leone 50·6 (41·3 to 63·4) 222·9% (164·9 to 291·0) 1151·4 (950·3 to 1419·0) 55·6% (29·9 to 93·5)

Togo 47·9 (38·1 to 61·5) 343·6% (270·5 to 446·9) 1089·9 (870·3 to 1387·9) 51·7% (25·6 to 83·5)

Data in parentheses are 95% uncertainty intervals. Count data are presented to three significant figures, and percentages and rates are presented to 1 decimal place. 
GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. DALY=disability-adjusted life-year.

Table: DALY counts and age-standardised DALY rates per 100 000 population and the corresponding percentage change in DALY counts and age-
standardised DALY rates between 1990 and 2021 for diabetes globally, in 21 GBD regions and 204 countries
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central Asia, Oceania, Andean Latin America, and 
southern Latin America) showed a prevalence increase 
of more than 100% from 1990 to 2021, while six 
additional regions (western Europe, southern sub-
Saharan Africa, eastern Europe, south Asia, high-income 
Asia Pacific, and central sub-Saharan Africa) showed an 
increase of more than 90%. The age-standardised 
diabetes prevalence increased by more than 100% in 
97 (47·5%) of 204 countries and territories 
and by more than 200% in three countries 
and one territory: Egypt (284·3%; 262·7–305·9), 
Greenland (263·6%; 236·8–296·3), Timor-Leste 
(225·3%; 206·7–243·7), and Seychelles (211·5%; 
193·5–230·7). The age-standardised diabetes prevalence 
increased by less than 30% in only two countries: Mexico 
(19·7% [16·7–22·4]) and the Philippines (29·1% 
[24·3–33·8]; appendix table S22).

Between 2021 and 2050, the global age-standardised 
total diabetes prevalence is expected to increase by 
59·7% (95% UI 54·7–66·0), from 6·1% (5·8–6·5) to 
9·8% (9·4–10·2), resulting in 1·31 billion (1·22–1·39) 
people living with diabetes in 2050, or an annualised 
rate of change of 3·31%. Of this increase, 49·6% is 
driven by trends in obesity, and the remaining 50·4% is 
driven by demographic shifts. The age-standardised 
diabetes prevalence is projected to be higher than 10% 
in two super-regions: north Africa and the Middle East 
(16·8% [16·1–17·6]) and Latin America and Caribbean 
(11·3% [10·8–11·9]). The age-standardised diabetes 
prevalence rate is projected to exceed 10% in 89 (43·6%) 
countries and territories and to surpass 20% in 24 
(11·8%) countries and territories. Every country and 
territory in three regions—Oceania, north Africa and 
the Middle East, and central Latin America—is projected 
to have a diabetes prevalence rate exceeding 10% by 
2050. In 13 of 18 countries and territories in Oceania, 
ten of 21 countries in north Africa and the Middle East, 
and one country in the Caribbean, the diabetes 
prevalence will be greater than 20% by 2050. There are 
no countries and territories where diabetes prevalence 
rates are expected to decrease (appendix table S23).

The projected increase in total diabetes prevalence is 
expected to be driven by type 2 diabetes. The age-
standardised global prevalence of type 2 diabetes is 
projected to rise by 61·2% (95% UI 56·2–68·1), from 
5·9% (5·5–6·3) in 2021 to 9·5% (9·0–9·9) in 2050, 
affecting more than 1·27 billion (1·19–1·35) people. This 
varies by super-region, from 82·7% (76·8–90·5) in north 
Africa and the Middle East to 30·3% (27·3–33·0) in the 
high-income region. Age-standardised type 2 diabetes 
prevalence will increase by more than 70% in six regions: 
north Africa and the Middle East (82·7%; 76·8–90·5), 
east Asia (80·1%; 72·1–89·2), central sub-Saharan Africa 
(79·9%; 72·4–89·9), southern sub-Saharan Africa 
(74·7%; 67·9–83·7), central Latin America (74·7%; 
68·5–80·2), and Australasia (71·9%; 63·6–81·8). The 
age-standardised type 2 diabetes prevalence is projected 

to increase by more than 100% in 11 countries in 
three regions: seven countries (Oman, United Arab 
Emirates, Syria, Iran, Libya, Sudan, and Saudi Arabia) in 
north Africa and the Middle East, two countries (Kenya 
and Tanzania) in eastern sub-Saharan Africa, and 
two countries (Zimbabwe and Botswana) in southern 
sub-Saharan Africa. The age-standardised global 
prevalence of type 1 diabetes is expected to increase by 
23·9% (95% UI 17·8–32·4), from 0·2% (0·2–0·3) in 

Figure 3: Change from 1990 to 2021 in population attributable fraction for high BMI in relation to type 2 
diabetes, by GBD super-region
BMI=body-mass index. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.
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2021 to 0·3% (0·3–0·4) in 2050 (figure 4; appendix 
figure S26).

Discussion
The international community has become increasingly 
aware that diabetes is a monumental global health threat 
posing increasing challenges to public health and health-
care systems worldwide. WHO has identified diabetes as 
one of three target diseases in its WHO Global Action Plan 
for the Prevention and Control of NCDs,41 and the WHO 
Global Diabetes Compact was established in 2021 to 
improve access to health care for, and work closely with, 
those living with diabetes. The UN uses diabetes treatment 
as an indicator of countries’ health-care systems when 
assessing universal health coverage objectives42 and has 
established a target of reducing rates of premature death 
due to diabetes and other non-communicable diseases by 
a third by 2030, as detailed in Goal 3 of the UN Sustainable 
Development Goals.43 To drive improvements in diabetes 
prevention and care, the Lancet Commission on diabetes2 
called for an increased reliance on high-quality data, with 
a focus on LMICs, to allow policy makers to better 
understand risks and define needs.

To contribute to this undertaking, as part of GBD we 
generated estimates of diabetes prevalence and burden, 
stratified by geographical and demographic factors; 
examined the contribution of leading risk factors; and 
forecast location-specific diabetes prevalence in 2050. 
There were an estimated 529 million people living with 
diabetes in 2021, a number we project will more than 
double to about 1·31 billion by 2050. The global age-
standardised diabetes prevalence rate in 2021 was 6·1%, 
with highs of 9·3% in the north Africa and Middle East 
super-region and 12·3% in the Oceania region. Diabetes 
was especially prevalent in people aged 65 years and 
older in every location, but in some locations the 
prevalence rates were high even in younger adults, 
exceeding 10% among those aged 30–34 years in 
ten countries, all in Oceania.

Because diabetes prevalence rates are driven almost 
entirely by type 2 diabetes, which accounted for more 
than 96% of diabetes cases worldwide in 2021, much of 
the following discussion will focus on type 2 diabetes.

Our estimates showed high BMI to be the primary risk 
factor for type 2 diabetes, contributing more than 50% of 
global DALYs in 2021. The association between high BMI 
and type 2 diabetes has intensified in recent decades, 
with the proportion of global type 2 diabetes DALYs 
attributable to high BMI growing by nearly 25% between 
1990 and 2021. By 2050, we project a global increase in 
age-standardised type 2 diabetes prevalence of more than 
60%, with increases of more than 70% in six regions: 
north Africa and the Middle East, east Asia, central sub-
Saharan Africa, southern sub-Saharan Africa, central 
Latin America, and Australasia.

Major behavioural shifts and changes in food systems 
contributing to high BMI include greater availability of 

shelf-stable and high-calorie products; limited financial 
and proximal access to healthy food options; increased 
consumption of ultra-processed foods44 and fat, sugar, 
and animal products; and reductions in physical activity 
related to global work and transportation trends.45 
Particularly in low-income and middle-income 
populations, the shift away from a traditional diet to an 
industrialised one has been abrupt and is associated 
with considerable increases in nutrition-related non-
communicable diseases such as type 2 diabetes.46 In 
some instances, high type 2 diabetes prevalence rates 
might also be partly associated with a population-specific 
genetic disposition to developing diabetes.47 A high 
diabetes burden in LMICs is also related to economic 
and sociopolitical challenges, including limited health 
spending on diabetes10 and inadequate or incomplete 
coverage for pharmacological treatment. Fewer than one 
in ten people with diabetes in LMICs receive coverage for 
comprehensive diabetes treatment; Oceania, for example, 
has the lowest medication coverage in the world despite 
its very high prevalence rates.16

The regional variation in sex differences in age-
standardised diabetes prevalence rates revealed by our 
estimates is probably also related to variation in patterns in 
and the impact of obesity on type 2 diabetes, socioeconomic 
factors, and biological and hormonal differences.48 
Evidence suggests that males might develop type 2 diabetes 
at lower BMI thresholds and might be more insulin 
resistant than females.49 Moreover, in a study of diabetes 
treatment coverage in LMICs, females had better treatment 
coverage than males.16 Conversely, obesity tends to be more 
common in females,48 and diabetes treatments rarely 
account for reported differences in the risk of developing 
diabetes at different ages between males and females, 
which are likely to be due to the impact of a combination of 
genetic, hormonal, and psychosocial dimensions.50

Although obesity is theoretically reversible28,51,52 and 
addressing it could provide the biggest opportunity to 
limit the advance of diabetes, current trends suggest that 
obesity rates are likely to continue to climb.45 Various 
interventions and policies to address obesity have been 
developed and studied,53–56 but no programme to date has 
shown long-term, sustained, population-level reductions 
in obesity.57 This is probably because no strategy has 
attempted to deal with the multiple factors that 
potentially contribute to obesity. Creating change that 
relies on behavioural and structural shifts in 
interconnected, complex, and dynamic systems requires 
a multifaceted, long-term approach with contributions 
from policy makers, regulators, educators, public health 
officials, and the medical community.58 This is clearly 
not a simple challenge.

In 2022, the WHO Global Diabetes Compact outlined 
five diabetes targets to reach by 2030,59 focused on 
addressing metabolic risks, access to medication, 
and diagnosis. Although 77 countries, representing 
every region and socioeconomic level, have created 
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recommendations, guidelines, and targets to monitor 
and control diabetes in their populations,60–62 
preparedness varies considerably between countries. A 
survey of 160 WHO member states revealed that 
approximately 60% have conducted national surveys of 
blood glucose concentrations, 50% have a diabetes 
registry, and 80% have an action plan in place.63 
Ultimately, effective testing, diagnosis, treatment, and 
diabetes control are lacking, particularly in LMICs.17 As 
our forecasts suggest that nearly 50% of the increases in 
diabetes prevalence will be due to changing demographic 
profiles, countries will need to invest in health systems to 
handle the surge in expected patients.

The outlook for a healthy future is further marred by 
the lack of sustained progress in strategies designed to 
remediate diabetes.64 Interventions that have yielded 
successful results for more than 2 years in people with 
type 2 diabetes involve bodyweight loss through 
aggressive control of calorie intake and physical activity 
or bariatric surgery.65–68 Both options involve close 
oversight and are unlikely to be scalable at a population 
level globally. Pharmacological agents such as SGLT2 
inhibitors and GLP1 agonists have shown some 
promising results in weight reduction and cardiovascular 
protection in individuals with type 2 diabetes,69,70 but the 
viability of these interventions at the population level 
remains unclear. Moreover, disparities in medication 
coverage remain widespread.2,16 Early diagnosis, patient 
education, and regular visits to health-care providers 
can offer clinicians, public health professionals, and 
policy makers opportunities for potentially effective 
early intervention through pharmacological approaches 
and other strategies such as lifestyle changes.71,72 
Evidence from studies done in China, Finland, and the 
USA suggests that these interventions can prevent or at 
least delay the onset of type 2 diabetes.73–75 Few countries 
have health-care systems, however, that are positioned 
to take a proactive approach or possess the infrastructure 
to prioritise early interventions. Developing and 
implemen ting strategies that will have long-lasting 
impacts at the population level remains a persistent 
challenge.

Although this study does not explicitly report the 
impact of diabetes on diseases such as chronic kidney 
disease, ischaemic heart disease, and cancer, since these 
relationships are captured in the GBD risk factor 
framework via high fasting plasma glucose, the impact of 
diabetes extends beyond the results presented here. 
Strategies and policies aimed at mitigating the diabetes 
burden should also consider the additional nuance that 
diabetes can lead to irreversible microvascular damage 
and increase the risk of morbidity and mortality due to 
other infectious and non-communicable diseases.28,51,52 
Furthermore, efforts that succeed in halting the rise 
in diabetes could mitigate or delay associated health 
complications if implemented early.76–80 These are 
important considerations given that in many places in 

the world, increases in disability due to diabetes have 
outpaced diabetes mortality.81,82

In addition to the estimates presented here, previous 
studies have reported global diabetes estimates from 
earlier rounds of GBD, and two other organisations, the 
IDF and NCD-RisC, have also generated global and 
multi-country estimates of diabetes for specific age 
groups.4,11 Differences between estimates produced by 
GBD and IDF or NCD-RisC are likely to be due to 
differences in methods, case inclusion criteria, and data 
sources used. For example, our GBD analysis deliberately 
excluded sources that rely on self-reported diabetes data 
because we assumed that reporting bias would change 
over time and across location (eg, due to variability in 
diagnostic and screening efficacy), thus making bias 
adjustment challenging. Although we omitted these data 
sources, which were included in the IDF and NCD-RisC 
models, we were still able to incorporate data expressly 
gathered in 172 countries, exceeding the 144 locations 
with data in the IDF analysis and 146 locations with data 
in the NCD-RisC analysis. Moreover, our modelling 
approach—which used a Bayesian meta-regression tool, 
MR-BRT,28,33 to develop coefficients to adjust non-
reference case definitions, as well as DisMod-MR, which 
allows us to estimate prevalence by taking into account 
diabetes mortality—is unique to GBD. Other differences 
include our estimates for locations not reported by IDF 
(Cook Islands, Niue, and Tokelau) or NCD-RisC (Guam, 
Monaco, Northern Mariana Islands, San Marino, 
South Sudan, and Virgin Islands; appendix table S19). 
Our estimates covered the entire age spectrum, whereas 
IDF only reported total diabetes estimates for people 
aged 20–79 years and type 1 diabetes estimates for those 
younger than 19 years, and NCD-RisC reported estimates 
of total diabetes for individuals aged 18 years and older. 
Finally, we projected type-specific and total diabetes 
through 2050 for every age group, while IDF and 
NCD-RisC did not make projections as far out and did 
not generate forecasts for the entire population.

Despite methodological and reporting differences, our 
estimates of particularly high total diabetes prevalence 
rates in the north Africa and the Middle East super-
region are supported by similar estimates reported in the 
2021 IDF Atlas.4 Similar to many other regions, north 
Africa and the Middle East has experienced a rise in 
obesity due to rapid urbanisation and a concomitant rise 
in sedentary lifestyles and unhealthy eating patterns.46,83

Our study has several strengths. The robust location-
specific, age-specific, and sex-specific diabetes estimates 
produced by our analysis are largely due to our ability to 
leverage the rigorous evidentiary and methodological 
framework provided by the larger GBD enterprise. GBD 
integrates all available data, critically examines and 
standardises differences in methods, and draws 
upon the expertise of a network comprising more than 
9000 researchers located in more than 160 countries to 
generate estimates of mortality and morbidity associated 
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with 370 diseases and injuries worldwide. The GBD 
approach entails routinely updating systematic reviews 
of the peer-reviewed literature and seeking input from 
the global collaborator network to exhaustively identify 
studies that meet our inclusion criteria. We regularly 
present our results to and solicit feedback from in-
country and topic experts to address data and 
methodological questions and concerns. Moreover, in 
keeping with established GBD methods, we report 
estimates of YLLs, YLDs, and DALYs that provide useful 
details about health loss associated with diabetes, in 
addition to estimating disease prevalence.

There are also limitations to our analysis. As discussed 
above, we deliberately excluded studies that identify 
people with diabetes by self-report status that is not 
validated by blood glucose tests; despite this, we were 
able to include data from 172 countries and territories, 
covering more than 80% of countries and territories 
reported in GBD and representing each of the 21 GBD 
regions. Additionally, our estimates and forecasts do not 
reflect a potential impact of the COVID-19 pandemic on 
diabetes prevalence and burden in 2020 and 2021. At the 
time of this analysis, these data were not available; the 
figures reported here are estimates of diabetes burden 
during a non-pandemic period. Data on the effects of the 
COVID-19 pandemic will be integrated into our models 
as they become available, allowing us to evaluate the 
impact of COVID-19 on the diabetes burden between 
2020 and 2023, as well as on longer time trends.

Other limitations of our study include, first, that ICD 
coding practices documenting the underlying cause of 
death can vary. Studies that estimated the concordance 
between death certificates and patient records found 
disagreements with the reported underlying cause of 
death. These results vary by location and time but suggest 
that diabetes as a cause of death might be over-coded or 
under-coded depending on the location.84–86 Second, many 
deaths that are coded as being caused by diabetes do not 
specify the diabetes type. We sought to reallocate these 
deaths to either type 1 or type 2 diabetes using previously 
available information about type-specific distribution and 
deaths. However, this process relied on data from high-
income and high-middle-income locations that might not 
have been valid for dissimilar locations. Third, although 
clinical diagnostic criteria for diabetes require more than 
one abnormal glucose concentration in the absence of 
symptoms,1 very few population-based epidemiological 
studies require these diagnostic criteria. Relying on a 
single glucose test could overestimate diabetes prevalence; 
however, the magnitude of error depends on the 
distribution of blood sugar concentrations as the 
reliability of a single glucose test increases with higher 
blood sugar values.87 Fourth, approximately half the data 
sources included in our analysis did not contain 
information on the method of blood collection, which can 
affect reported glucose concentrations by up to 20%.88–90 
We plan to address this issue in upcoming GBD cycles. 

Fifth, our analysis did not estimate gestational diabetes 
explicitly since this diagnosis is captured in another GBD 
disease category, “Other maternal disorders”, nor did our 
study include rarer forms of diabetes such as monogenic 
diabetes,1 due to the paucity of relevant data. Sixth, GBD 
currently assumes that all individuals younger than 
15 years have type 1 diabetes. Although there is growing 
evidence of type 2 diabetes occurring in younger 
individuals in many parts of the world,91,92 we do not have 
population-based studies that distinguish type 1 diabetes 
from type 2 diabetes among people younger than 15 years 
across time, age, and location. We are monitoring the 
literature to determine the viability of addressing this 
concern. Seventh, GBD generates risk factor analyses for 
modifiable risk–outcome pairs. Each risk factor is 
identified by a review of the literature, and we regularly 
revisit the possibility of adding additional risk factors. 
The risk–outcome association is quantified through a 
rules-based assessment of existing evidence. Although 
our forecasts do not incorporate all known risk factors, 
here we capture the principal driver of type 2 diabetes, 
high BMI. In future rounds of GBD, we will revisit this 
strategy and consider adding additional risk factor 
covariates, such as low physical activity and smoking, to 
the model. Under the GBD’s comparative risk assessment 
framework, we do not currently capture risk factors that 
have been reported in the literature for type 1 diabetes.93,94 
However, we believe that SDI is a good proxy for better 
access to care leading to a lower case fatality rate, and to 
increases in type 1 diabetes prevalence. Moreover, as 
with other autoimmune diseases, we found a positive 
correlation between economic development and the 
incidence of type 1 diabetes. Nevertheless, we acknowledge 
that additional research focused on risk factors for type 1 
diabetes is needed. Finally, due to limitations inherent in 
the available literature and the comparative risk factor 
framework, we were unable to account for cohort effects 
apart from those pertaining to tobacco exposure.

The granular location-specific, age-specific, and sex-
specific epidemiological diabetes data provided in the 
present analysis, along with our type-specific evaluation 
of diabetes risk factors and projections of diabetes 
prevalence in 2050—including which regions and 
countries or territories are likely to be most affected—are 
essential to policy makers, who must plan for an 
expansion of health-service capacity to manage diabetes 
cases and to maximise evidence-based prevention 
strategies. Our estimates should also serve as a rallying 
call to galvanise increased research funding to identify 
and develop more effective measures to prevent diabetes 
that are economically and behaviourally sustainable at a 
population level across the world.

Despite a well described understanding of the main 
drivers of diabetes, general consensus on what needs to 
change to reduce the diabetes burden, and widespread 
buy-in from international and national health 
organisations, diabetes prevalence continues to increase 
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in every country and territory, age group, and in both 
males and females. Diabetes was already a substantial 
concern in 2021 and is set to become an even greater 
public health issue over the coming three decades, with 
no effective mitigation strategy currently in place. We 
need to urgently identify solutions that will limit 
population increases in risk factors for diabetes, 
otherwise the advance of the disease is likely to continue 
unabated. At the same time, we must enhance and 
expand access to better diabetes care to limit the 
complications associated with the disease. Differences 
between type 1 and type 2 diabetes with respect to risk 
factor profiles and underlying pathophysiology highlight 
the necessity to report type-specific diabetes both 
separately and together, given that hyperglycaemia leads 
to similar complications for both types. Although type 2 
diabetes can in some cases be prevented and 
management of hyperglycaemia has the potential to 
improve outcomes, the disease continues to be a major 
public health problem due to high rates of obesity that 
place an increasing burden on individuals and health-
care systems alike.
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