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Worldwide trends in diabetes prevalence and treatment 
from 1990 to 2022: a pooled analysis of 1108 population-
representative studies with 141 million participants
NCD Risk Factor Collaboration (NCD-RisC)*

Summary
Background Diabetes can be detected at the primary health-care level, and effective treatments lower the risk of 
complications. There are insufficient data on the coverage of treatment for diabetes and how it has changed. We 
estimated trends from 1990 to 2022 in diabetes prevalence and treatment for 200 countries and territories.

Methods We used data from 1108 population-representative studies with 141 million participants aged 18 years and 
older with measurements of fasting glucose and glycated haemoglobin (HbA1c), and information on diabetes 
treatment. We defined diabetes as having a fasting plasma glucose (FPG) of 7·0 mmol/L or higher, having an HbA1c 
of 6·5% or higher, or taking medication for diabetes. We defined diabetes treatment as the proportion of people with 
diabetes who were taking medication for diabetes. We analysed the data in a Bayesian hierarchical meta-regression 
model to estimate diabetes prevalence and treatment.

Findings In 2022, an estimated 828 million (95% credible interval [CrI] 757–908) adults (those aged 18 years and older) 
had diabetes, an increase of 630 million (554–713) from 1990. From 1990 to 2022, the age-standardised prevalence of 
diabetes increased in 131 countries for women and in 155 countries for men with a posterior probability of more than 
0·80. The largest increases were in low-income and middle-income countries in southeast Asia (eg, Malaysia), south Asia 
(eg, Pakistan), the Middle East and north Africa (eg, Egypt), and Latin America and the Caribbean (eg, Jamaica, 
Trinidad and Tobago, and Costa Rica). Age-standardised prevalence neither increased nor decreased with a posterior 
probability of more than 0·80 in some countries in western and central Europe, sub-Saharan Africa, east Asia and 
the Pacific, Canada, and some Pacific island nations where prevalence was already high in 1990; it decreased with a 
posterior probability of more than 0·80 in women in Japan, Spain, and France, and in men in Nauru. The lowest 
prevalence in the world in 2022 was in western Europe and east Africa for both sexes, and in Japan and Canada for 
women, and the highest prevalence in the world in 2022 was in countries in Polynesia and Micronesia, some countries 
in the Caribbean and the Middle East and north Africa, as well as Pakistan and Malaysia. In 2022, 445 million (95% CrI 
401–496) adults aged 30 years or older with diabetes did not receive treatment (59% of adults aged 30 years or older with 
diabetes), 3·5 times the number in 1990. From 1990 to 2022, diabetes treatment coverage increased in 118 countries for 
women and 98 countries for men with a posterior probability of more than 0·80. The largest improvement in treatment 
coverage was in some countries from central and western Europe and Latin America (Mexico, Colombia, Chile, and 
Costa Rica), Canada, South Korea, Russia, Seychelles, and Jordan. There was no increase in treatment coverage in most 
countries in sub-Saharan Africa; the Caribbean; Pacific island nations; and south, southeast, and central Asia. In 2022, 
age-standardised treatment coverage was lowest in countries in sub-Saharan Africa and south Asia, and treatment 
coverage was less than 10% in some African countries. Treatment coverage was 55% or higher in South Korea, many 
high-income western countries, and some countries in central and eastern Europe (eg, Poland, Czechia, and Russia), 
Latin America (eg, Costa Rica, Chile, and Mexico), and the Middle East and north Africa (eg, Jordan, Qatar, and Kuwait).

Interpretation In most countries, especially in low-income and middle-income countries, diabetes treatment has not 
increased at all or has not increased sufficiently in comparison with the rise in prevalence. The burden of diabetes and 
untreated diabetes is increasingly borne by low-income and middle-income countries. The expansion of health 
insurance and primary health care should be accompanied with diabetes programmes that realign and resource 
health services to enhance the early detection and effective treatment of diabetes.
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Introduction
Diabetes increases the risk of debilitating complications 
such as amputation, vision loss, and renal failure, and 

is associated with cardiovascular disease, dementia, 
some cancers, and infections such as tuberculosis and 
severe COVID-19. Diabetes can be detected at the 

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(24)02317-1&domain=pdf
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primary health-care level, and treatment with oral 
hypoglycaemic drugs or insulin, as well as newer 
injectable medicines, reduces the risk of, and slows 
progression to, complications and sequelae.1,2 Failure to 
treat or delay in treatment increases the 
risk of complications and death. Therefore, diabetes 
prevalence and diabetes treatment coverage, and 
how they have changed, are important measures of 
population health and the performance of health 
systems.

Obesity, which is an important risk factor for diabetes, 
has increased in most countries in the past few decades, 
with the largest increases seen in low-income and 
middle-income countries.3 At the same time, several 
effective medicines for diabetes (eg, metformin) are now 
off patent and available at a relatively low cost in most 
countries,4,5 and pharmacological treatment is 
recommended alongside diet and lifestyle change to 
manage diabetes.1,6–9 Comparable data on diabetes 

prevalence and treatment coverage across countries can 
help identify good practices in the prevention and 
treatment of diabetes and guide health system priorities 
and programmes. Current global data on diabetes 
prevalence estimates have several limitations, and there 
are few data on the coverage of treatment for diabetes, 
and especially on how it has changed. We present global 
estimates of trends in diabetes prevalence and treatment 
from 1990 to 2022.

Methods
Overview
We pooled population-based studies with measurements 
of fasting glucose and glycated haemoglobin (HbA1c). 
Pooled data were analysed using a Bayesian hierarchical 
meta-regression model. Our primary outcomes were the 
prevalence of diabetes and the proportion of people with 
diabetes who were treated for diabetes. Diabetes was 
defined as taking medication for diabetes (treated 

Research in context

Evidence before this study
We searched MEDLINE (via PubMed) for articles published from 
database inception up to Aug 14, 2024, with no language 
restrictions, using the following search terms: (“Diabetes 
Mellitus”[MAJR:NoExp] OR “Diabetes Mellitus, Type 
2”[MAJR:NoExp] OR “Diabetes Mellitus, Type 1”[MAJR:NoExp] 
OR “Blood Glucose”[MAJR] OR “Glycated Hemoglobin”[MAJR]) 
AND (“Health Surveys”[mh] OR “Epidemiological 
Monitoring”[mh] OR “Cross-Sectional Studies”[mh] OR 
“Prevalence”[mh]) AND “Humans”[mh] NOT “patient*”[Title] 
NOT Comment[ptyp] NOT Case Reports[ptyp]. Articles were 
screened to include measured data on blood glucose or glycated 
haemoglobin, collected from samples of national, subnational, 
or community populations aged 18 years and older.

Many studies reported diabetes prevalence and treatment for 
adults in a single country or a single region. Many of these found 
an increase in diabetes prevalence. However, studies in Spain, 
France, Switzerland, Germany, Sweden, Japan, and Taiwan found 
flat or decreasing trends in prevalence in one or both sexes. 
We found four studies that reported diabetes prevalence or 
treatment in multiple low-income and middle-income countries 
directly from surveys or other community-based samples. These 
studies did not report trends over time, nor did they account for 
differences in age groups included in surveys.

A few studies reported diabetes prevalence for multiple world 
regions or globally for different time periods, mostly 
before 2015. We found two global studies that reported 
diabetes prevalence beyond 2015. One study used population-
based data that had measured a glycaemic biomarker such as 
FPG and HbA1c as well as data sources that had no measurement 
and relied only on self-reported diabetes diagnosis (eg, the 
Canadian Community Health Survey and European Health 
Interview Surveys) or registry data (eg, a diabetes registry in 

Russia). The self-reported data were adjusted to approximate 
total diabetes prevalence on the basis of the average diagnosis 
rate in the country, if available, or region where the data came 
from. The other global study used population-based data that 
had measured glycaemic biomarkers such as FPG and HbA1c as 
well as registry data (eg, New Zealand Virtual Diabetes Register 
and Australia National Diabetes Register); it did not make any 
adjustments to registry data to account for the 
underestimation of prevalence due to undiagnosed diabetes. 
These studies either reported diabetes prevalence on the basis 
of a single glycaemic marker (most commonly FPG), and hence 
did not include people with isolated elevated levels of other 
glycaemic markers such as HbA1c, or they did not standardise 
the definition of diabetes across studies. No study reported 
diabetes treatment coverage for all countries in the world.

Added value of this study
To our knowledge, this study is the first global analysis of trends 
in both diabetes prevalence and treatment coverage that covers 
all countries. We reanalysed and pooled hundreds of 
population-representative studies with measurements of 
glycaemic biomarkers and data on diabetes treatment. We used 
a diabetes definition that included both FPG and HbA1c, thus 
closing a major gap between global health statistics and clinical 
practice and guidelines.

Implications of all the available evidence
Since 1990, the largest increase in diabetes prevalence has 
occurred in low-income and middle-income countries, whereas 
the improvements in treatment were largest in high-income and 
industrialised nations and some emerging economies, especially 
in Latin America. These trends have widened the global gap in 
diabetes prevalence and treatment, with an increasing share of 
people with diabetes, especially with untreated diabetes, living in 
low-income and middle-income countries.
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diabetes), or having a fasting plasma glucose (FPG) of 
7·0 mmol/L or more or an HbA1c of 6·5% or more 
(untreated diabetes). Treatment was defined as the 
current use of oral hypoglycaemic drugs or insulin in 
people with diabetes.

We estimated trends from 1990 to 2022 in the primary 
outcomes for 200 countries and territories, which were 
divided into 20 regions and eight super-regions (appendix 
p 69). We estimated diabetes prevalence for women and 
men aged 18 years and older, and treatment for those aged 
30 years and older. We used different age 
groups for prevalence and treatment because the 
relatively small number of participants with diabetes aged 
18–29 years results in frequent zero or very small 
denominators and unstable estimates of treatment in 
these age ranges. All analyses were performed in R 
(version 4.3.1).

Data
We pooled population-based studies with measurements 
of fasting glucose and HbA1c from a database collated by 
the NCD Risk Factor Collaboration (NCD-RisC). Details 
of data sources, cleaning, and management are provided 
in the appendix (pp 27–32). We used 1108 studies 
conducted from 1980 to 2022 with 141 million 
participants aged 18 years or older (appendix pp 49–68). 
These studies measured fasting glucose, HbA1c, or both, 
as described in the appendix (pp 27–32). We had at least 
one study for 175 (88%) of the 200 countries for which 
estimates were made (appendix pp 74–75). Countries in 
the high-income western super-region (with an average 
of 12·3 studies per country) and the east and southeast 
Asia and the Pacific super-region (with an average of 
11·5 studies per country) had the most data, and those in 
sub-Saharan Africa (1·8 studies per country) and Pacific 
island nations (2·8 studies per country) had the least 
data. Other super-regions had on average from 
3·2 to 10·4 studies per country (appendix pp 76–77). 
833 (75%) of these studies had data on treatment and the 
other 275 (25%) did not. The studies without treatment 
data were of two types: those that did not collect 
treatment data or did not separate pharmacological and 
lifestyle interventions, and the studies that were 
extracted from reports or obtained via a previous global 
data pooling study as detailed in the appendix (pp 27–32).

Statistical methods for analysis of pooled data
We used a Bayesian hierarchical meta-regression model 
to estimate trends in diabetes prevalence and treatment 
by sex, age, country, and year. The statistical methods are 
detailed in previous publications3,10 and in the 
appendix (pp 33–47).

Age-standardised prevalence and treatment were 
calculated by weighting age-specific estimates using the 
WHO standard population. When calculating age-
standardised treatment, we also accounted for the age 
pattern of diabetes prevalence by multiplying the WHO 

standard population weights with age-specific diabetes 
prevalence in each country and year, because the 
denominator of treatment was only people with diabetes.

All calculations were done at the posterior draw level. 
The reported 95% credible intervals (CrIs) represent the 
2·5–97·5th percentiles of the posterior distributions. We 
obtained the posterior probability that an estimated 
change represented a true increase as the proportion of 
draws from the posterior distribution that had an 
increase. The results section presents the number of 
countries where prevalence or treatment changed with a 
posterior probability of more than 0·80, as an indication 
of probable changes in population health (prevalence) 
and health system response (treatment). The number of 
countries with an increase or decrease would be fewer if 
a stricter threshold (eg, 0·90) were used.

We decomposed the change over time in the number of 
people with untreated diabetes to calculate the contributions 
of three drivers: change in population size and age 
structure, change in prevalence, and change in treatment 
coverage. Decomposition was done using the basic 
algebraic relationship of these components (appendix p 48).

Secondary analysis of diabetes diagnosis
In a secondary analysis, we used data from studies 
conducted from 2005 to 2022 that were representative of 
countries as a whole or one or more subnational regions. 
We used data from participants aged 30 years or older to 
calculate the proportion of those with untreated diabetes 
who did not receive a diagnosis, accounting for sample 
weights as stated in the appendix (pp 27–32). We combined 
data across studies through weighting by their respective 
sample sizes for eight super-regions, presented in the 
appendix (p 69). We did this secondary analysis to evaluate 
whether the extent of under-treatment of diabetes was due 
to under-diagnosis, or due to under-treatment among 
those with a diagnosis. Consistent with the previous NCD-
RisC analysis of hypertension,10 we only considered 
participants who answered yes to the diagnosis question 
as having (diagnosed) diabetes if they used treatment or 
had elevated FPG or HbA1c (ie, those who were not using 
treatment and had below-threshold levels of FPG and 
HbA1c were not counted as having diabetes). We did this 
so that we did not overestimate the prevalence or extent of 
diagnosis, because in some studies the question used to 
elicit diagnosis information combined diabetes with 
prediabetes or past gestational diabetes.

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

Results
The results of this study can be explored using 
visualisations and downloaded from the NCD-RisC 
website. In 1990, diabetes prevalence was lowest 

See Online for appendix

 For the NCD-RisC website see 
https://www.ncdrisc.org
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throughout Europe compared with countries in other 
super-regions for both sexes and in sub-Saharan Africa for 
men (figure 1). The age-standardised prevalence of diabetes 
was 2–4% in 16 countries for women and in 22 for men, 
with Denmark having the lowest prevalence for both sexes, 
followed by Sweden for women and Rwanda for men. The 
age-standardised prevalence was 20–31% in some Pacific 
island nations (Nauru, Marshall Islands, Tokelau, and 
Cook Islands for both sexes, and Samoa for men) in 1990.

Age-standardised prevalence decreased from 1990 to 
2022 with a posterior probability of more than 
0·80 by 1–2 percentage points in women in Japan, Spain, 
and France,11–13 countries where women also had a 
declining or flat trend in obesity over this period,3 and by 
7 percentage points in men in Nauru, albeit from a high 
1990 prevalence of 30·7% (95% CrI 25·4–36·1; figures 1 
and 2). Neither an increase nor a decrease in prevalence 
was detected at a posterior probability of 0·80 among 
women in 66 countries and men in 44 countries. Most of 
these countries were in western Europe (eg, Denmark and 
the Netherlands), sub-Saharan Africa (eg, Ethiopia and 
Malawi), east Asia and the Pacific (eg, Singapore), and 

Canada, as well as many island nations in Polynesia and 
Micronesia, where prevalence was already high in 1990. In 
the other 131 countries for women and 155 for men, age-
standardised diabetes prevalence increased with a 
posterior probability of more than 0·80. The increase 
ranged 2–22 percentage points in women and 2–18 in 
men. The countries with the smallest increase were 
in Europe and sub-Saharan Africa (where many other 
countries did not have an increase with a posterior 
probability of more than 0·80) and Timor-Leste, as well as 
Japan (in men, with women having a decline as stated 
earlier). The largest increases, ranging 15–22 percentage 
points, was in a belt of countries north of the equator 
extending from southeast Asia (eg, Malaysia), to south Asia 
(eg, Pakistan), the Middle East and north Africa (eg, Egypt), 
and Latin America and the Caribbean (eg, Jamaica, 
Trinidad and Tobago, and Costa Rica). Prevalence also 
increased by a large amount in other Pacific islands such 
as Federated States of Micronesia and Vanuatu. In relative 
terms, age-standardised prevalence more than doubled in 
66 countries for women and 79 for men from 1990 to 2022 
(appendix pp 82–83).

(Figure 1 continues on next page)
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Diabetes prevalence in 2022 was still lowest in western 
Europe and east Africa for both sexes, and in Japan and 
Canada for women. The age-standardised prevalence 
in 2022 was 2–4% for women in France, Denmark, Spain, 
Switzerland, and Sweden, and 3–5% for men in Denmark, 
France, Uganda, Kenya, Malawi, Spain, and Rwanda 
(figure 2). At the other end, the age-standardised 

prevalence among women in 21 countries and men in 
14 countries surpassed 25% in 2022. These high-
prevalence countries included most countries in 
Polynesia and Micronesia, some countries in the 
Caribbean (eg, Trinidad and Tobago, and Jamaica) and 
in the Middle East and north Africa (eg, Egypt), Pakistan, 
and Malaysia.14,15

Figure 1: Age-standardised diabetes prevalence from 1990 to 2022 by country, for women and men aged 18 years or older
The shaded areas around the lines show the 95% credible intervals of the estimates. Countries are labelled using their International Organization for Standardization 3166–1 α-3 codes. The numbers in 
brackets after each country’s label show the total number of data sources and the number of nationally representative data sources, respectively. See the appendix (pp 90–91) for the results for both 
sexes combined. AFG=Afghanistan. AGO=Angola. ALB=Albania. AND=Andorra. ARE=United Arab Emirates. ARG=Argentina. ARM=Armenia. ASM=American Samoa. ATG=Antigua and Barbuda. 
AUS=Australia. AUT=Austria. AZE=Azerbaijan. BDI=Burundi. BEL=Belgium. BEN=Benin. BFA=Burkina Faso. BGD=Bangladesh. BGR=Bulgaria. BHR=Bahrain. BHS=The Bahamas. BIH=Bosnia and 
Herzegovina. BLR=Belarus. BLZ=Belize. BMU=Bermuda. BOL=Bolivia. BRA=Brazil. BRB=Barbados. BRN=Brunei. BTN=Bhutan. BWA=Botswana. CAF=Central African Republic. CAN=Canada. 
CHE=Switzerland. CHL=Chile. CHN=China. CIV=Côte d’Ivoire. CMR=Cameroon. COD=DR Congo. COG=Congo (Brazzaville). COK=Cook Islands. COL=Colombia. COM=Comoros. CPV=Cabo Verde. 
CRI=Costa Rica. CUB=Cuba. CYP=Cyprus. CZE=Czechia. DEU=Germany. DJI=Djibouti. DMA=Dominica. DNK=Denmark. DOM=Dominican Republic. DZA=Algeria. ECU=Ecuador. EGY=Egypt. ERI=Eritrea. 
ESP=Spain. EST=Estonia. ETH=Ethiopia. FIN=Finland. FJI=Fiji. FRA=France. FSM=Federated States of Micronesia. GAB=Gabon. GBR=UK. GEO=Georgia. GHA=Ghana. GIN=Guinea. GMB=The Gambia. 
GNB=Guinea-Bissau. GNQ=Equatorial Guinea. GRC=Greece. GRD=Grenada. GRL=Greenland. GTM=Guatemala. GUY=Guyana. HND=Honduras. HRV=Croatia. HTI=Haiti. HUN=Hungary. IDN=Indonesia. 
IND=India. IRL=Ireland. IRN=Iran. IRQ=Iraq. ISL=Iceland. ISR=Israel. ITA=Italy. JAM=Jamaica. JOR=Jordan. JPN=Japan. KAZ=Kazakhstan. KEN=Kenya. KGZ=Kyrgyzstan. KHM=Cambodia. KIR=Kiribati. 
KNA=Saint Kitts and Nevis. KOR=South Korea. KWT=Kuwait. LAO=Laos. LBN=Lebanon. LBR=Liberia. LBY=Libya. LCA=Saint Lucia. LKA=Sri Lanka. LSO=Lesotho. LTU=Lithuania. LUX=Luxembourg. 
LVA=Latvia. MAR=Morocco. MDA=Moldova. MDG=Madagascar. MDV=Maldives. MEX=Mexico. MHL=Marshall Islands. MKD=North Macedonia. MLI=Mali. MLT=Malta. MMR=Myanmar. 
MNE=Montenegro. MNG=Mongolia. MOZ=Mozambique. MRT=Mauritania. MUS=Mauritius. MWI=Malawi. MYS=Malaysia. NAM=Namibia. NER=Niger. NGA=Nigeria. NIC=Nicaragua. NIU=Niue. 
NLD=Netherlands. NOR=Norway. NPL=Nepal. NRU=Nauru. NZL=New Zealand. OMN=Oman. PAK=Pakistan. PAN=Panama. PER=Peru. PHL=Philippines. PLW=Palau. PNG=Papua New Guinea. 
POL=Poland. PRI=Puerto Rico. PRK=North Korea. PRT=Portugal. PRY=Paraguay. PSE=Palestine. PYF=French Polynesia. QAT=Qatar. ROU=Romania. RUS=Russia. RWA=Rwanda. SAU=Saudi Arabia. 
SDN=Sudan. SEN=Senegal. SGP=Singapore. SLB=Solomon Islands. SLE=Sierra Leone. SLV=El Salvador. SOM=Somalia. SRB=Serbia. SSD=South Sudan. STP=São Tomé and Príncipe. SUR=Suriname. 
SVK=Slovakia. SVN=Slovenia. SWE=Sweden. SWZ=Eswatini. SYC=Seychelles. SYR=Syria. TCD=Chad. TGO=Togo. THA=Thailand. TJK=Tajikistan. TKL=Tokelau. TKM=Turkmenistan. TLS=Timor-Leste. 
TON=Tonga. TTO=Trinidad and Tobago. TUN=Tunisia. TUR=Türkiye. TUV=Tuvalu. TWN=Taiwan. TZA=Tanzania. UGA=Uganda. UKR=Ukraine. URY=Uruguay. USA=USA. UZB=Uzbekistan. VCT=Saint 
Vincent and the Grenadines. VEN=Venezuela. VNM=Viet Nam. VUT=Vanuatu. WSM=Samoa. YEM=Yemen. ZAF=South Africa. ZMB=Zambia. ZWE=Zimbabwe.
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Figure 2: Age-standardised diabetes prevalence and treatment coverage in 2022 and change from 1990 to 2022
(A) Age-standardised diabetes prevalence in people aged 18 years or older. (B) Age-standardised treatment coverage in people aged 30 years or older. The density plot alongside each map shows the 
smoothed distribution of estimates across countries. The appendix (pp 78–81) shows the posterior probability of an estimated increase or decrease being a true increase or decrease. The 
appendix (pp 92–93) also shows the results for both sexes combined.
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In 2022, the crude prevalence was higher than age-
standardised in high-income western countries, central 
and eastern Europe, east Asia and the Pacific, and parts 
of Latin America and the Caribbean (appendix pp 86–87). 
It was lower in sub-Saharan Africa, south Asia, and most 
countries in southeast Asia and central Asia, and the 
Middle East and north Africa. This difference occurs 
because of a combination of two factors: prevalence of 
diabetes increases with age, and the age of the actual 
population is older than that of the WHO standard 
population in high-income western countries, central 

and eastern Europe, east Asia and the Pacific, and parts 
of Latin America and the Caribbean, and younger in sub-
Saharan Africa, south Asia, and most countries in 
southeast Asia and central Asia, and the Middle East and 
north Africa. The median age of people with diabetes was 
younger than 40 years in some countries in 
sub-Saharan Africa, and 40–45 years elsewhere in Africa 
and in some countries in central Asia, south Asia, the 
Middle East and north Africa, and the Caribbean; in most 
countries in the high-income western super-region and 
some countries in east Asia and the Pacific, the median 

Figure 3: Number of people with (A) diabetes and (B) untreated diabetes in 2022
The number of people with diabetes is for people aged 18 years or older; the number of people with diabetes covering only those aged 30 years or older is shown in the appendix (p 70). The number of 
people with untreated diabetes is for people aged 30 years or older. The area of the circle is proportional to the number of people with diabetes or untreated diabetes in each country. Countries listed 
were the top 20 countries in 2022 in terms of number of people with diabetes or untreated diabetes, with their rankings shown by the numbers before their names. The numbers in brackets after each 
country name show the number of people with diabetes or untreated diabetes in that country, and its percentage of the global number (828 million for diabetes and 445 million for untreated 
diabetes).
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age was older than 65 years (appendix pp 88–89). In 2022, 
diabetes prevalence was higher in men than women in 
most high-income western countries (appendix pp 84–85). 
It was the opposite in most countries in sub-Saharan Africa 
and Latin America and the Caribbean. In other super-
regions, diabetes prevalence was similar or there was a 
mix of higher and lower female prevalence across 
countries.

In 2022, age-standardised diabetes prevalence in the 
world was 13·9% (95% CrI 12·3–15·8) for women and 
14·3% (12·5–16·4) for men. An estimated 828 million 
(95% CrI 757–908) adults had diabetes, a substantial 
increase of 630 million (554–713) from 1990 (figure 3; 
appendix p 70). Of these, 420 million (372–473) were 
women and 408 million (356–467) were men. India 
(212 million, 175–250) and China (148 million, 103–202) 
accounted for the largest proportion of this number, 
followed by the USA, Pakistan, Indonesia, and Brazil.

In 1990, age-standardised diabetes treatment coverage 
was less than 50% in all except 11 countries for women and 
one for men. Age-standardised treatment coverage 
increased in 118 countries (59%) for women and 98 (49%) 
for men with a posterior probability of more than 
0·80 from 1990 to 2022. Some of the largest improvements 
(25–37 percentage points) were observed in countries in 
Latin America (ie, Mexico, Colombia, Chile, Costa Rica, 
and Brazil), central and western Europe (eg, Netherlands, 
Finland, and Croatia), Canada, South Korea, Russia, 
Seychelles, and Jordan for one or both sexes (figure 2). 
Neither an increase nor a decrease was detected in 
treatment at a posterior probability of 0·80 in 82 countries 
for women and 101 for men, including most countries in 
sub-Saharan Africa; the Caribbean; south, southeast, and 
central Asia; and Pacific island nations. Age-standardised 
treatment coverage declined slightly in men in Jamaica 
with a posterior probability of more than 0·80.

As a result of these trends, the gap between the countries 
with the highest and lowest treatment coverage widened 

from 56 and 43 percentage points in women and men, 
respectively, in 1990, to 78 and 71 percentage points in 
women and men, respectively, in 2022 (figure 4). The 
difference in treatment coverage also increased between 
the high-income western super-region, where treatment 
coverage was highest, and Pacific island nations, 
south Asia, and sub-Saharan Africa, where it was lowest. 
In 2022, age-standardised treatment coverage was 5–10% in 
a few countries in sub-Saharan Africa (eg, Burkina Faso, 
Angola, Niger, Liberia, and Benin) for one or both sexes. 
Treatment coverage was less than 25% in Haiti, most 
countries in sub-Saharan Africa, and some countries in 
Melanesia (ie, Vanuatu, Solomon Islands, Papua New 
Guinea, and Fiji), central Asia (ie, Turkmenistan, Mongolia, 
and Tajikistan), south Asia (eg, Bangladesh, Bhutan, and 
Nepal),16 and southeast Asia (ie, Timor-Leste, Indonesia, 
and the Philippines) for one or both sexes. Treatment was 
55% or higher in South Korea, many high-income western 
countries, and some countries in central and 
eastern Europe (eg, Poland, Czechia, and Russia), 
Latin America (eg, Costa Rica,17 Chile, and Mexico), and 
the Middle East and north Africa (eg, Jordan,18 Qatar, and 
Kuwait). The highest age-standardised treatment coverage 
was 86% (95% CrI 74–95) for women and 77% (60–89) for 
men in Belgium (figure 2). Crude and age-standardised 
treatment estimates were similar (appendix pp 86–87). 
In 2022, diabetes treatment coverage was higher in women 
than men in most high-income western countries and 
countries in Latin America and the Caribbean 
(appendix pp 84–85). It was the opposite in most countries 
in sub-Saharan Africa. In other super-regions, treatment 
was similar between women and men, or there were some 
countries with higher treatment in women than men and 
vice versa.

A total of 445 million (95% CrI 401–496) adults aged 
30 years or older with diabetes were not treated with oral 
hypoglycaemic drugs nor insulin (59% of those with 
diabetes), 3·5 times the number in 1990 (129 million, 

Women 2022 Men 2022

Women 1990 Men 1990

0 25 50 75 100 0 25 50 75 100
Age−standardised diabetes treatment coverage (%) Age−standardised diabetes treatment coverage (%)

Central and eastern Europe
Central Asia, Middle East, and north Africa
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Figure 4: Age-standardised treatment coverage for women and men aged 30 years or older in 1990 and 2022
Each line represents a country, with countries coloured by the super-region in which they fall. The black triangle shows the age-standardised treatment coverage for 
the world. The appendix (p 69) shows the countries in each super-region. The appendix (pp 94–95) also shows the results for both sexes combined.
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112–147; figure 5). 30% of those with untreated diabetes 
(133 million, 109–160) were in India, more than 
50% greater than the next largest number of people with 
untreated diabetes, which was in China (78 million, 
51–112; figure 3), because treatment coverage was higher 
in China than in India. Similarly, Pakistan (24 million, 
16–31) and Indonesia (18 million, 12–25), the countries 
with the next two largest number of untreated diabetes, 
had a higher number of people with untreated diabetes 
than the USA (13 million, 9–18), which had higher 
treatment coverage.

The number of people with untreated diabetes 
increased in every super-region from 1990 to 2022 

(figure 5). The largest contributor to this rise was the 
increase in the size and age of population, because 
diabetes is more prevalent in older age groups. The 
exception was central and eastern Europe, where the 
population size grew less than in other super-regions or 
decreased in some countries (eg, Romania and 
Bulgaria). In other super-regions, population change 
accounted for 61–83% of the increase in untreated 
diabetes cases, and rise in diabetes prevalence 
accounted for 15–42% of the increase in untreated 
diabetes cases (figure 5). In high-income western 
countries, followed by central and eastern Europe, Latin 
America, and east Asia and the Pacific, the rise in the 
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Figure 5: Contributions of population growth and ageing, rise in diabetes prevalence, and improvement in treatment coverage to the change in the number 
of people with untreated diabetes from 1990 to 2022
The sum of all sections in each graph is the total number of people with untreated diabetes over time, also shown by the solid black line. The area above the solid 
black line and top of stacked sections, where it is present, equals the contribution of improvement in treatment (ie, the purple section) towards reducing the number 
of people with untreated diabetes—namely, the top of the stacked sections shows how many people would have had untreated diabetes had treatment coverage not 
improved. The appendix (p 69) describes the countries in each super-region.
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number of people with diabetes was countered to some 
extent by the improvement in treatment (figure 5).

In every super-region, most people (84–97%) with 
untreated diabetes had not received a diagnosis (table). 
In sub-Saharan Africa and south Asia, more than 94% of 
untreated diabetes cases were undiagnosed.

Discussion
Our results show an expanding inequity of diabetes in 
the world: the largest increases in prevalence have 
occurred in low-income and middle-income countries, 
whereas the improvements in treatment were largest in 
high-income and industrialised nations in Europe, 
north America, Australasia, and the Pacific, and some 
well performing middle-income nations and emerging 
economies, especially those in Latin America. These 
trends have widened the global gap in diabetes prevalence 
and treatment, with an increasing share of people with 
diabetes, especially with untreated diabetes, living in low-
income and middle-income countries.

The estimated prevalence of diabetes in our work is 
higher than other recent global studies19,20 (appendix p 71). 
Beyond methodological differences in how data were 
pooled and analysed, there are three key reasons for this 
difference: first, we included people whose FPG or HbA1c 
were elevated whereas previous studies mostly relied on 
elevated FPG or other single-biomarker data.19,20 Our 

approach to defining diabetes is consistent with current 
clinical guidelines and practice,6–9,21–24 and avoids leaving 
out people whose HbA1c is elevated but have an FPG of 
less than 7·0 mmol/L. This inclusiveness has a larger 
effect on prevalence in south Asia, because compared 
with using both FPG and HbA1c, FPG alone misses more 
cases of diabetes in south Asia than other regions.25–27 
Second, this difference might arise from whether and 
how self-report or registry data were used: such data were 
not used in our analyses because some people do not 
have a previous diagnosis, and hence are neither aware 
of their diabetes nor appear in a registry, and used in 
previous studies as described in those studies19,20 and 
summarised earlier in this paper. Third, data used in our 
analysis were more recent than those in other global 
analyses (appendix pp 72–73). With rising prevalence, 
newer data better captures contemporary prevalence. For 
example, both Sun and colleagues19 and the GBD 
Diabetes Collaborators20 used data from early (before 
2015) rounds of the ICMR-INDIAB surveys from India, 
which only covered a small number of states, mostly in 
low-prevalence regions of the country, whereas we used 
all six rounds up to 2020, which covered the entire nation 
and a more recent time period,26 as well as an additional 
national survey from 2018.

Our prevalence estimates are consistent with country 
studies that used both fasting glucose and HbA1c.26,28–32 
For example, our estimated prevalence for India is 
similar to that of the ICMR-INDIAB surveys26 when both 
blood glucose and HbA1c are used, which is higher than 
prevalence based on glucose alone. National surveys 
from other countries in south Asia, for example Pakistan 
and Sri Lanka,14,33 also show high prevalence when using 
both FPG and HbA1c. This occurs because studies from 
south Asian countries have consistently found many 
people with diabetes present with isolated elevated 
HbA1c.25–27,34 Our results that diabetes prevalence did not 
increase, or increased only by a small amount, in some 
high-income countries, are consistent with reports 
from Spain, France, Switzerland, Germany, Sweden, 
Japan, and Taiwan, which showed flat or decreasing 
trends in prevalence in one or both sexes.11–13,35–38 These 
results are also consistent with evidence on the decline in 
diabetes incidence in high-income countries,39 because 
prevalence depends on the combination of incidence and 
survival of those with diabetes.

Our study presented comprehensive, consistent, and 
comparable global estimates of diabetes prevalence and 
treatment over a period in which risk factors such as 
obesity changed substantially, and the benefits of 
treatment were established and incorporated in clinical 
guidelines. A key strength of this work is the scale and 
quality of data, which were checked and harmonised in a 
rigorous and systematic process. We used data from 
more than 1100 studies in 175 countries, covering 98% of 
the world’s population. We used only data from studies 
that had measured glycaemic markers to avoid bias and 

Number 
of 
studies

Median 
year of 
studies 
(range)

Proportion of 
people with 
untreated diabetes 
who were 
undiagnosed

Women Men

Central and eastern Europe 21 2014 
(2008–21)

84·4% 86·0%

Central Asia, 
the Middle East, 
and north Africa

62 2013 
(2005–22)

89·1% 89·9%

East and southeast Asia 
and the Pacific

54 2014 
(2005–22)

90·4% 90·3%

High-income western 92 2012 
(2005–21)

84·0% 84·5%

Latin America and 
the Caribbean

53 2014 
(2005–22)

88·8% 88·5%

Pacific island nations 22 2011 
(2005–22)

87·3% 86·3%

South Asia 27 2015 
(2006–21)

97·0% 95·1%

Sub-Saharan Africa 50 2014 
(2007–22)

94·2% 94·2%

Data from 2005–22 were used because there were more data available in this time 
period and the data were more recent. There is no credible interval for the 
proportion of people with untreated diabetes who were undiagnosed, because 
these numbers were obtained using a weighted average across studies as stated in 
the methods. The countries in each super-region are described in the appendix 
(p 69).

Table: Proportion of people with untreated diabetes who had not 
received a diagnosis, using data from studies conducted in 2005–22
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other errors in self-reported and registry data due to 
undiagnosed cases. We reanalysed data according to a 
standardised protocol, and the characteristics and quality 
of data in relation to sampling and measurement 
methods were verified through repeated checks. We 
defined diabetes on the basis of both FPG and HbA1c, 
bringing global estimates of diabetes into harmony with 
contemporary clinical guidelines.6–9,21–24 This remedies the 
limitation of previous global estimates in terms of 
excluding people who have isolated elevated HbA1c, who 
make up a larger proportion of total diabetes in low-
income and middle-income countries than high-income 
countries.25 We used a statistical model that accounted 
for important features of diabetes prevalence and 
treatment data, including non-linear time trends and age 
associations and difference in trends between younger 
and older adults, and gave more weight to national data 
than to non-national sources. The model fitted the data 
well, with median difference (which measures bias) 
between the model fit and national data that covered 
entire countries being 0·1 percentage points for diabetes 
prevalence, and –0·8 and –0·6 percentage points for 
treatment for women and men, respectively. Median 
absolute difference (which measures non-systematic or 
random deviation) was 1·5 and 1·7 percentage points for 
diabetes prevalence, and 6·1 and 5·9 percentage points 
for treatment for women and men, respectively.

Our study has limitations that affect global analyses 
that pool data collected in different countries and time 
periods. Some countries had fewer data and 25 had no 
data; the estimates for countries with fewer or no data 
were informed to a stronger degree by data from other 
countries through geographical hierarchy, which 
increased the uncertainty of their estimates. Nonetheless, 
the estimated global prevalence and treatment coverage 
are virtually identical between using countries with data 
versus using all countries. Health survey participation 
rate varies across countries and can change over time, 
and has become particularly low in Europe. Survey 
sample weights adjust for non-response but this 
adjustment might be imperfect, especially as response 
rates decrease. This issue shows the need to improve the 
public trust and motivation for participation in health 
surveys, and to consider alternative surveillance 
platforms such as routine primary care data, where 
access and use is high. Although we accounted for 
whether a study had measured fasting glucose in plasma 
or whole blood, other unobserved differences might 
persist due to differing methods—for example, in assays 
used for measuring FPG and HbA1c. The other differences 
are captured by study-specific random-effect terms in our 
model that adjust for unobserved differences across 
studies.

We did not include the 2-h postprandial glucose from 
an oral glucose tolerance test (2hOGTT) in our definition 
of diabetes. This is because its use in contemporary 
clinical practice and population surveillance is rare, due 

to the inconvenience related to the glucose load, 2-h time 
frame, and the two blood draws required for the test. If 
some people with an elevated 2hOGTT are not captured 
by the combination of FPG and HbA1c, the actual 
prevalence of diabetes would be higher than reported 
here. HbA1c can be affected by some non-glycaemic 
factors, including anaemia due to iron deficiency or 
malaria, specific haemoglobin variants (eg, HbS and 
HbF), other haemoglobinopathies, polycythaemia due to 
living in high altitude, liver and kidney diseases, HIV, and 
specific drugs such as antiretroviral therapy for HIV. 
Some of these factors, including malaria-induced and 
iron deficiency anaemia, haemoglobinopathies such as 
sickle cell disease and thalassemia, and antiretroviral 
therapy, are more prevalent in parts of Asia and Africa 
than other parts of the world, and might have affected 
HbA1c or its measurement. In clinical practice, diabetes 
diagnosis for those with these conditions might need to 
be accompanied by a glucose test before decisions about 
treatment or further testing are made.6–9,21–24 Furthermore, 
in studies that did not measure HbA1c, the prevalence of 
isolated elevated HbA1c was predicted with equations that 
used the relationship between HbA1c, FPG, and other 
predictors in studies that had measured both (and vice 
versa for FPG when it was not measured).25 Although 
these equations performed well in cross-validation,25 their 
use increases the uncertainty of our estimates. Most 
survey data did not separate type 1 and type 2 diabetes in 
adults because distinguishing between these disorders 
can be challenging in adults. However, most (85–95%) 
cases of diabetes in adults are type 2.40 Most health surveys 
are based on one visit to participants, in which a glycaemic 
marker is measured. Many clinical guidelines recommend 
using a second confirmatory test for diabetes diagnosis 
and initiating treatment,6,21–23 although there is variation in 
this guidance. A key reason for a confirmatory test is to 
minimise risks of erroneous results—for example, due to 
the misrecording of laboratory results—potentially 
leading to a lifelong misdiagnosis for an individual 
patient. This is not a relevant issue in prevalence studies 
in a population, and hence population surveillance uses a 
single measurement. Nonetheless, diabetes prevalence 
based on data collected in multiple visits might be lower, 
and treatment coverage might be higher, than that based 
on one measurement. The COVID-19 pandemic might 
have impeded the rolling out of some health surveys or 
affected participation. The pandemic might also have 
affected diabetes prevalence and especially treatment 
coverage. We used 45 studies from 2020 and later, but 
additional data are needed to evaluate the population-level 
effects. We had insufficient comparable data on treatment 
details such as the use of insulin and specific medicines 
because these data are not consistently collected 
in population-representative surveys. Complementing 
survey data with data from health facilities or prescriptions 
could provide such clinically relevant details, which is 
especially important as new effective diabetes medicines 
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become available. Future studies should complement our 
work on adults with estimates of diabetes prevalence and 
treatment in children and adolescents, noting that blood-
based measurements in health surveys are less common 
in children and adolescents than in adults.

An important driver of the rise in diabetes, and its 
variation across countries, is obesity.3 Diabetes was either 
already high or increased more in some of the regions 
where obesity was or became prevalent, such as 
Pacific and Caribbean island nations and the Middle East 
and north Africa, compared with high-income countries 
in Europe and east Asia and the Pacific, where obesity 
and diabetes did not rise or rose by a relatively small 
amount.3 In addition to obesity, the consumption of 
specific foods might influence the risk of diabetes.41 For 
example, yogurt and possibly some other forms of dairy, 
whole grains, and green leafy vegetables reduce the risk 
of diabetes,42–44 whereas refined carbohydrates, including 
in sugar-sweetened beverages, increase this risk.41,45–47 In 
countries with universal health insurance and good 
access to primary care, people at a high risk of diabetes 
might also be identified early and advised to use a 
combination of diet and lifestyle modifications and 
medicines to prevent or delay diabetes onset.48–55 This 
approach is less widely used in low-resourced health 
systems with limited attention to, or resources for, 
diabetes screening. Genetic and phenotypic differences 
due to foetal and childhood nutrition and growth also 
influence worldwide variations, especially when 
accompanied with rapid weight gain—for example the 
high diabetes prevalence in south Asia.56,57

Given the disabling and fatal consequences of 
diabetes, preventing its onset and delaying its 
complications through improving diet and treatment 
are essential for better population health throughout the 
world. Curbing and reversing the rise in obesity, and 
improving the quality of diet, require both regulations 
and taxes to reduce the intake of foods such as refined 
carbohydrates that lead to weight gain, and improving 
financial and physical access to healthier foods, such as 
fresh fruits, vegetables, legumes, dairy and fish, and to 
sports and active leisure.3 Improving affordability and 
accessibility of healthy foods and sports is particularly 
important for poorer families and marginalised 
communities, and requires measures such as targeted 
cash transfers, subsidies or vouchers for healthy foods 
and sports facilities, and free healthy school meals.3 
Alongside these population-based measures, diet and 
lifestyle modification and medicines in people at a high 
risk of diabetes (including those with prediabetes) can 
prevent or delay diabetes onset and reduce the risk of 
some complications.48–55 High-risk prevention requires 
identifying such people, and supporting them to achieve 
sustained changes in diet and exercise and to use 
effective medicines. This in turn requires health 
systems that facilitate regular contact with primary care 
providers, screening, access to healthy foods and 

pharmacological interventions, and monitoring and 
follow-ups to ensure compliance and to further adjust 
interventions.

For people who already have diabetes, lifestyle 
modification and pharmacological treatment, as well as 
blood pressure and cholesterol control, can delay 
progression to complications and reduce mortality, or 
even help with remission, especially if started early.1,2,58–62 
Our results show that treatment coverage varies 
substantially globally, and is low in most low-income and 
middle-income countries. We also found that the current 
variations in treatment were largely related to the extent 
of diabetes under-diagnosis, which means that improving 
case detection is a prerequisite to increasing treatment 
coverage. Improving the detection of diabetes requires 
facilitating regular contact with health services and care 
providers as well as programmes that enhance screening. 
Universal insurance is essential for higher care access 
and use but, to improve diagnosis of diabetes, it should 
be accompanied with expanding as well as redesigning 
primary care towards diabetes and other long-term 
conditions that are initially asymptomatic.63 Such actions 
are especially important in regions with younger 
populations and lower average age of diabetes, because 
health system contact tends to be lower for young adults. 
Adaptation of primary care for more screening requires 
approaches such as extended or flexible hours for people 
in employment, workplace and community screening 
programmes and campaigns, integration with screening 
and care for diseases such as HIV and AIDS and 
tuberculosis, which have well established programmes, 
and the use of non-physician health providers.17,61,63–71 
Increasing diagnosis also requires guidelines, training, 
and decision support tools to encourage diabetes 
screening, and the availability of laboratory facilities or 
point-of-care monitors. To improve treatment coverage, 
diagnosed diabetes cases need financial and physical 
access to a regular supply of medicines, information and 
support to adhere to treatment, and follow-up visits to 
evaluate control and screen for complications. Universal 
insurance is also important for treatment but should be 
accompanied with the inclusion of diabetes medicines as 
essential medicines covered through insurance; national 
or multi-country strategies for accessing medicines at 
lower costs, as done for HIV and AIDS; an efficient 
procurement and distribution system that ensures an 
uninterrupted supply of medicine, guidelines, training, 
and decision support to encourage and facilitate 
prescription; and information and support systems via 
digital technologies or community health workers to 
improve patient adherence.61,64,69,72,73 These factors show 
the need to go beyond universal insurance alone, and to 
have national diabetes programmes that leverage and 
adapt universal insurance and primary care expansion to 
address the burden of diabetes.17,63,64,74 With new diabetes 
medicines and technologies such as continuous glucose 
monitoring now available in high-income countries, 
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such actions are particularly essential to avoid widening 
the global inequalities in diabetes burden and treatment.
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