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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 Diabetes Collaborators*

Summary

Background Diabetes is one of the leading causes of death and disability worldwide, and a ects 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-speci ¢, age-speci ¢, and sex-speci ¢
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; de ned 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 25666 location-years of data from vital registration and verbal autopsy reports in separate total
(including both type 1 and type 2 diabetes) and type-speci ¢ 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 scienti ¢
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 di erent 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 621% (58 6<5). At the super-region level,
the highest age-standardised rates were observed in north Africa and the Middle East (923% [8=7 9<9]) and, at the
regional level, in Oceania (1223% [115 13<0]). Nationally, Qatar had the world s highest age-speci ¢ prevalence of
diabetes, at 7621% (73«1 79<5) in individuals aged 75 79 years. Total diabetes prevalence especially among older
adults primarily re ects type 2 diabetes, which in 2021 accounted for 9620% (95«1 96+8) of diabetes cases and
95¢4% (94«9 95<9) of diabetes DALYs worldwide. In 2021, 522% (25«5 71e8) of global type 2 diabetes DALYs were
attributable to high BMI. The contribution of high BMI to type 2 diabetes DALYSs rose by 24¢3% (185 30<4) worldwide
between 1990 and 2021. By 2050, more than 131 billion (122 139) 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 113% (108 11<9) in Latin America and Caribbean. By 2050, 89 (4326%) 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 identi ed 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 pro les 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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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-speci ¢
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-RIisC)
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 fromJan 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
speci c 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-speci ¢ 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-speci ¢ and population-
speci cdata 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 o  cials 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 131 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 e ectson
the quality of life of individuals, health of populations, and the
strength of global economies for decades to come.

Introduction prevalence by 2025 was lower than 1% for women and
Diabetes is a serious, chronic disease characterised bgven lower for ment Diabetes is also a major risk factor
elevated blood glucose concentrations related to thdor ischaemic heart disease and strokewhich were

e ects of abnormal -cell biology on insulin actioni® estimated by GBD 2019 to be the rst and second leading
According to estimates from the Global Burden of causes, respectively, of the global disease burden.
Diseases, Injuries, and Risk Factors StudgBD) 2019, Type 1 and type 2 diabetes are the most common forms
diabetes was the eighth leading cause of death anafthe disease and are diagnosed through well established
disability combined in the world, with nearly 460 million criteria.*?>* Type 1 diabetes often develops during
people across every country and age group living with thechildhood, while type 2 diabetes has a strong genetic
disease in 2019. Diabetes represents a substantial component and a robust association with obesity
burden to health-care systents;® with estimates by the and a sedentary lifestyl&* Although prevention and
International Diabetes Federation (IDF) indicating that management approaches di er between diabetes types,
537 million people worldwide had diabetes in 2021,there are well established strategies to reduce the disease
resulting in health expenditures of US$966 billion burden, including limiting risk factors for type 2 diabete$,
globally, forecast to reach more than $1054 billion byincreasing access to treatment such as insufihand
20454 The 2016 NCD Risk Factor Collaboration enhancing the health-system infrastructuré!**However,
(NCD-RisC) Study projected that the probability of social determinants of health have led to considerable
meeting global targets to halt the rising diabetes disparities across populations in risk factor pro les,
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access to screening and treatment, and available healtimortality estimates in the appendix (table S24). Moreover,
services***Hence, the burden of diabetes-related deathsmortality data were included in the calculation of our
and disability, as well as their drivers, varies widély* principal metrics: prevalence (via cause-speci ¢ mortality
The Lancet Commission on diabetes published in 2020rates used in the compartmental disease modelling
highlights the unequal burden of the disease on people in process) and years of life lost (YLLs; via measures of
low-income and middle-income countries (LMICs), expected age of mortality), and, by extension, disability-
reporting that 80% of diabetes cases occur in LMI€s. adjusted life-years (DALYs), which are the sum of YLLs
The Lancet Commission noted that, in addition to and years lived with disability (YLDS).
underfunded and ill-prepared health-care systems, We report many estimates generated as age-
LMICs are beset by socioeconomic challenges such astandardised results (ie, extrapolated to a hypothetical
poor nutrition, poverty, and physical inactivity, and population with a standardised age structure) to allow
emphasised the pressing need for accurate, focused dataomparison of estimates made in populations with
to guide the development of e ective programmes dierent age structures. The standard population was
targeting these factors. It was further argued as imperativecalculated with the non-weighted mean of the age-
to accurately identify and characterise the populations atspeci ¢ population proportional distributions for all
highest risk—de ned by their demographic features and national locations with populations greater than 5 million
exposure to key risk factors—in addition to forecasting in 2019 from GBD 2019.
how the diabetes burden is expected to increase along This study complies with the Guidelines for Accurate
these dimensions in the future. and Transparent Health Estimates Reporting (GATHER)
In response to this need and in support of recent calls statement (appendix table S1).
to action sounded by the global community, as embodied
in initiatives such as the 202QLancet Commission on Mortality

diabetes and the 202WHO Global Diabetes Compact, There were 2%66 location-years of death data includedor more on the WHO Global
our work applies and explicates the newly updatedin the fatal model (appendix section 3.1). We used vitdliabetesCompactsee https://

methodological framework of GBD to generate estimatesregistration data and verbal autop$ydata coded as
of total diabetes and type-specic (type 1 and type 2diabetes since 1980 (appendix section 3.2.1). Codes for
diabetes prevalence and burden from 1990 to 2021. Thisauses that either did not lead to death or were
approach allows us to break down these estimates with dantermediate causes, but for which diabetes could have
high degree of granularity by location, age, and sex, ancbeen the underlying cause—referred to as garbage
to present a more holistic picture of the landscape ofcodes—were eligible for inclusion in the diabetes
diabetes—including drivers of the disease and how theymodeF (appendix section 3.2.1). Approximately 11-1% of
have changed over time, as well as forecasting global andeaths coded to diabetes were reassigned from garbage
location-speci ¢ diabetes prevalence through 2050. codes.

This manuscript was produced as part of the GBD More than 50% of deaths coded to diabetes did not
Collaborator Network and in accordance with the GBD specify a type. We developed a log-linear regression

Protocol?” model to predict the type-speci ¢ proportion of deaths

among those coded to unspeci ed diabetes. The model
Methods was informed by data that speci ed the diabetes type
Overview and, for a given country, included two parameters: rst,

To obtain the data used in models, GBD conductscountry-years in which more than 50% of deaths due to
systematic reviews and opportunistic searches, anddiabetes were coded as being due to type 1 or type 2
utilises data shared by country collaborators and WHO. diabetes; and second, for country-years with type-speci ¢
Data seeking is iterative and continuously in process incoding, those in which 70% or more of type-specic
order to identify new sources. Information on data deaths for people older than 25 years were coded as
seeking e orts conducted for GBD iterations through type 2 diabetes. We included prevalence of obesity as a
GBD 2019 has been published previous#?” and is covariate and redistributed deaths accordingly to type 1

provided in theappendix (section 4.1.1). For this study, weor type 2 diabetes. More details are provided in thaeeoniine for appendix

identied 27193 data sources to which we applied theappendix (section 3.2.3).
methodological and evidentiary framework provided by We ran separate mortality models for type 1 diabetes,
GBD. The present analysis does not re ect the potential type 2 diabetes, and total diabetes. We assumed that all
impact of the COVID-19 pandemic on diabetes prevalencedeaths due to diabetes in people younger than 15 years
and burden since these data were not available at the timavere from type 1 diabetes. We used the Cause of Death
of the analysis. Ensemble model (CODEm), a highly automated
We report primarily on diabetes prevalence and burden analytical tool that selects an ensemble of mixed-e ects
because these metrics are particularly salient foror spatiotemporal Gaussian regression models of
characterising type 2 diabetes and capturing aspects omortality rates or cause fractions with varying
the rapid global rise of diabetes; however, we also provideombinations of predictive covariates. Ensembles were
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selected on the basis of out-of-sample predictive validityequations in DisMod-MR 2.1 produce a consistent set of
testing. We included 19 covariates, six associated witlestimates based on data on prevalence, incidence, and
type 1 diabetes and 13 associated with type 2 diabetesause-speci ¢ mortality rates generated from the fatal
which were selected on the basis of known or postulatedmodelling process. In the type 1 diabetes model, we
relationships with development or management of included three predictive covariates: proportion of

diabetes (appendix section 3.3). livebirths in women aged 35 years and older and maternal
education (years per capita) as predictors of type 1 diabetes
Non-fatal outcomes incidence; and the Healthcare Access and Quality Index

The reference case de nition for diabetes was a fasting(HAQ Index)* as a predictor of type 1 diabetes excess
plasma glucose (FPG) concentration of 7 mmol/L mortality rate. We assumed there was no remission (ie,
(126 mg/dL) or greater, or a person using insulin or no cure). In the total diabetes model, we included two
diabetes medication. We included any population- predictive covariates—prevalence of obesity and year as
representative source that provided individual-level datapredictors of diabetes prevalence—and assumed that
or reported the prevalence or incidence of diabetesannual remission could be no more than 1% (appendix
de ned by the source’s glucose threshold from tests of sections 4.3.1 and 4.3.2). Because most data sources in
FPG, glycated haemoglobin (HbA, oral glucose adults reported prevalence of total diabetes or did not use
tolerance (OGTT), or post-prandial glucose (PPG), or anya robust strategy to exclude people with type 1 diabetes,
population-representative source that reported mean we were not con dent in the accuracy of the data available
FPG and uncertainty around the estimat& We also used that were labelled as type 2 diabetes. As an alternative, we
insurance claims data from the USA and Taiwan subtracted the year-age-sex-location-speci c estimates of
(province of China), since these were locations for whichtype 1 diabetes from total diabetes to produce estimates of
we had access to insurance claims. We included studiesype 2 diabetes (appendix section 4.3.3).
reporting the incidence of type 1 diabetesWe
incorporated data found through systematic reviewsYLLs,YLDs, and DALYs
conducted from Jan 1, 1990, to Oct 16, 2018 (appendbhe methods for calculating YLLs, YLDs, and DALYs
section 4.1.19%**and carried out opportunistic literature have been described elsewhetdut in brief, YLLs were
searches from Jan 1, 1990, to Dec 31, 2@tween 2020 the product of the number of deaths and standard life
and 2021, we reviewed all data provided by GBDexpectancy at each age of dedtrand YLDs were the
collaborators through the Global Health Data Exchangeproduct of the prevalence of each sequela and its
(GHDx) and prospectively sought individual-level datacorresponding disability weight® We included estimates
from the WHO STEPwise Approach to NCD Risk Factor for four diabetic sequelae for each type of diabetes:
Surveillance (STEPS) surveys (appendix section 4.1.1neuropathy, diabetic foot, lower limb amputation, and
There were 1527 location-years of data from 172 countriession loss due to retinopathy. Each sequela had separate
(84-:3% of the 204 countries and territories included in disability weights that were used to calculate YLDs
GBD) used in the diabetes modelling process (appendix(appendix sections 4.2.4, 4.3.4, and 4.4). YLDs were
section 4.1.1). corrected for comorbidities with all other causes of ill
Where possible, we used individual-level data fromhealth, assuming independence and a multiplicative
surveys that collected glucose measurements to calculatéunction. DALYs were the sum of YLLs and YLDs.
age-sex-year-location-speci ¢ prevalence estimates and
used the information included in the survey metadata to Risk-attributable burden
inform how the sampling strategy, sampling frame, and We modelled 16 detailed risk factors for diabetes: ambient
sampling weights were incorporated into the estimates particulate matter pollution, household air pollution
and uncertainty. from solid fuels, smoking, second-hand smoke, high
We used the meta-regression Bayesian, regularisedalcohol use, high body-mass index (BMI), diet low in
trimmed (MR-BRTY)? tool to generate coe cients that fruits, diet low in vegetables, diet low in whole grains,
were used to adjust estimates from studies that did notdiet high in red meat, diet high in processed meat, diet
de ne diabetes with the reference de nition (appendix high in sugar-sweetened beverages, diet low in bre, low
section 4.2.2). For data from people aged younger thamphysical activity, high air temperature, and low air
15 years, we assumed that all diabetes cases were typaenperature (appendix section 5.1). These risk factors fall
diabetes and that all patients had sought hospital caranto six categories: environmental or occupational,
due to their insulin dependence. We also convertedtobacco use, high alcohol use, high BMI, dietary risks,
population-level mean FPG estimates to diabetesand low physical activity. All risk factors have been shown
prevalence estimates (appendix section 4.2.2). to be associated with type 2 diabetes, but high air
We ran separate non-fatal models for type 1 diabetesemperature and low air temperature are the only risk
and total diabetes. We used a hierarchical Bayesian metdactors associated with type 1 diabetés.
regression modelling tool, DisMod-MR 2.1to estimate  To quantify the relationship between each risk factor
prevalence due to diabetes from 1990 to 2021. Di erentialand diabetes, we carried out meta-analyses following the
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comparative risk assessment approach, a framework useélign with that of GBD. To calculate the number of cases,
by GBD since 2002 that is predicated on a causal web ofle used the forecasted population multiplied by the
hierarchically organised, potentially overlapping health corresponding predicted prevalence. Population forecasts
risks.#3" For each risk factor analysed here, we estimatedare described by Vollset and colleagués.
the relative risk of diabetes as a function of risk exposure,
using the following methods, which have been extensivelyUncertainty and presentation of results
detailed elsewheré&* In brief, we did a literature review At each modelling step described above, parameter
of studies that estimated diabetes risk relative to riskuncertainty was incorporated by randomly drawing
factor exposure and extracted data to input into a set ol00 samples from each age-sex-location-year-specic
exible meta-regression procedures using regularised parameter distribution and propagating this uncertainty
splines to estimate risk functions, as an alternative toforward through each subsequent step of the analysis.
imposing a log-linear risk—outcome relationship. Likewise, 95% uncertainty intervals (Uls) for nal
Accuracy was further improved by using a robustestimates were calculated by generating 100 random
likelihood-based approach—Ileast-trimmed squares—todraws from the estimate distribution and taking the
detect and trim 10% of the outlying data, testing and2-5th and 97-5th percentile values across the 100 draws.
adjusting for bias related to study design, and integrating All count data reported are presented to three
over exposure ranges to account for inconsistency insigni cant gures, while rates and percentages are
exposure levels between data sources. presented to one decimal place.

Following methods established previousk, we used
DisMod-MR 2.1 or spatiotemporal Gaussian processGeographical locations reported
regression to estimate exposure distributions for eachDiabetes estimates were generated for 204 countries and
risk factor by age, sex, year, and location, and furthetterritories that are grouped on the basis of epidemiological
determined the theoretical minimum risk exposure level patterns into seven super-regions, with these super-
(TMREL), the counterfactual level of exposure thatregions further grouped into 21 regions based on
would minimise the risk of diabetes, on the basis of geographical and epidemiological similarity (see
epidemiological evidence. Exposure, relative riskappendix section 7, table S18, for the full GBD location
estimates, and TMRELSs were used to calculate populatiorhierarchy).
attributable fractions (PAFs) for each risk factor by
location, age, sex, and year. PAFs quantify the proportionaCode availability
reduction in diabetes that would occur if exposure to the All codes used for these analyses are publicly availabierthe codes see https:/github.
given risk factor was reduced to the TMREL. PAFs wereonline. Analyses were carried out with R (version 4.2.2).com/ihmeuw/birds/tree/
multiplied by metrics of disease burden—in this instance, diabetes lancet_2023

DALYs—to estimate the risk-attributable burden. Role of the funding source
The funder of the study had no role in study design, data
Forecasting collection, data analysis, data interpretation, or the

We used forecasted Socio-demographic Index (SD#s a writing of the report.

predictor in a regression model to estimate the prevalence

of type 1 diabetes and forecasted BMI as the predictor foResults

estimating the prevalence of type 2 diabetes. Thesdotal diabetes prevalence

metrics were forecast through 2050, by age, sex, year, and 2021, there were 529 million (95% Ul 500-564) people

location® For each locationl}, age (a), sex (s), and yearof all ages, worldwide, living with diabetes, yielding a

(y), we logit-transformed the GBD 2019 diabetesglobal age-standardised prevalence of 6-:1% (5-8-6-5;

prevalence estimates logit(Y) and used a xed gure 1). To facilitate comparison, we re-strati ed our

coe cient () on SDI only for type 1 diabetes (equation 1)results into age groups reported by IDF and NCD-
RisC***We estimated there were 485 million (456-517)

10git Y |05y SDI +4a,, 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

and BMI for type 2 diabetesgquation 2) over time, and a aged 18 years and older with diabetes in 2010 (for rough

random intercept (). comparison with the 2014 NCD-RisC estimate of
422 million in the same age group; appendix table S20).
Eflogit(Y,.)]= BMI +ay,. 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
We computed the dierence between the GBD rate of 9-3% (8-7-9-9), with country-specic rates of
estimates in rate space and the forecasted estimates famore than 10% in 11 countries in this region: Iraq
2021 and shifted the forecasting trend through 2050 to(15-3%; 14-3-16-2), Kuwait (1522%; 14-1-16-3), Qatar
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