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Articles

Diabetes mortality and trends before 25 years of age:
an analysis of the Global Burden of Disease Study 2019
GBD 2019 Diabetes Mortality Collaborators*

Summary

Background Diabetes, particularly type 1 diabetes, at younger ages can be a largely preventable cause of death with the
correct health care and services. We aimed to evaluate diabetes mortality and trends at ages younger than 25 years
globally using data from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2019.

Methods We used estimates of GBD 2019 to calculate international diabetes mortality at ages younger than 25 years
in 1990 and 2019. Data sources for causes of death were obtained from vital registration systems, verbal autopsies,
and other surveillance systems for 1990-2019. We estimated death rates for each location using the GBD Cause of
Death Ensemble model. We analysed the association of age-standardised death rates per 100000 population with the
Socio-demographic Index (SDI) and a measure of universal health coverage (UHC) and described the variability
within SDI quintiles. We present estimates with their 95% uncertainty intervals.

Findings In 2019, 16300 (95% uncertainty interval 14200 to 18900) global deaths due to diabetes (type 1 and 2
combined) occurred in people younger than 25 years and 73-7% (68-3 to 77-4) were classified as due to type 1
diabetes. The age-standardised death rate was 0-50 (0-44 to 0-58) per 100000 population, and 15 900 (97 -5%) of these
deaths occurred in low to high-middle SDI countries. The rate was 0-13 (0-12 to 0-14) per 100 000 population in the
high SDI quintile, 0-60 (0-51 to 0-70) per 100 000 population in the low-middle SDI quintile, and 0-71 (0-60 to 0- 86)
per 100000 population in the low SDI quintile. Within SDI quintiles, we observed large variability in rates across
countries, in part explained by the extent of UHC (r2=0- 62). From 1990 to 2019, age-standardised death rates decreased
globally by 17-0% (—28 -4 to —2-9) for all diabetes, and by 21-0% (-33-0 to —5- 9) when considering only type 1 diabetes.
However, the low SDI quintile had the lowest decline for both all diabetes (-13-6% [-28-4 to 3-4]) and for type 1
diabetes (-13-6% [-29-3 to 8-9]).

Interpretation Decreasing diabetes mortality at ages younger than 25 years remains an important challenge, especially
in low and low-middle SDI countries. Inadequate diagnosis and treatment of diabetes is likely to be major contributor
to these early deaths, highlighting the urgent need to provide better access to insulin and basic diabetes education and
care. This mortality metric, derived from readily available and frequently updated GBD data, can help to monitor
preventable diabetes-related deaths over time globally, aligned with the UN’s Sustainable Development Targets, and
serve as an indicator of the adequacy of basic diabetes care for type 1 and type 2 diabetes across nations.

Funding Bill & Melinda Gates Foundation.
Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.
Introduction

Diabetes has been identified by the UN and WHO as one
of the five priority non-communicable diseases (NCDs)

proven to be effective in reducing mortality due to these
complications it is reasonable to assume that major
reductions could be seen globally if better care, including

in their Action Plan to confront the NCDs challenge."
Prevention and management of the chronic complica-
tions in patients with diabetes involve complex, long-
lasting, and costly endeavours.’

By contrast, deaths due to acute complications (ie,
diabetic ketoacidosis, hyperosmolar coma, and severe
hypoglycaemia), early-onset renal failure, and acute
infections can be prevented through a minimal core set of
actions. These include the provision of affordable insulin,*
access to health care (including glucose monitoring and
promptly available services for acute decompensation),
and health education (including rapid recognition and
detection of type 1 diabetes and ketoacidosis).” Since
contemporary health care in high-income countries™®has
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the availability of affordable insulin, were more widely
provided.

Many low-income and middle-income countries
(LMICs) have made considerable progress in the provision
of a minimal core of actions to prevent mortality due to
acute complications of diabetes. For example, Brazil
observed a decrease of 74-5% in deaths due to acute
complications in people younger than 40 years from 1991
to 2010 following the implementation of the National
Health System, which greatly increased access to care for
patients with diabetes, including the provision of free
insulin.’

Since mortality data are the most available health
statistics worldwide, they can be used to track levels and
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For estimates from the GBD
2019 study see http://ghdx.
Ithdata.org/gbd-results-tool.

See Online for appendix

Research in context

Evidence before this study

Deaths due to acute complications of diabetes such as diabetic
ketoacidosis, hyperosmolar coma, and severe hypoglycaemia,
as well as due to early manifestation of diabetic kidney disease
and acute infections, can largely be avoided with adequately
functioning basic health care, including ready access to insulin.
This has mostly been accomplished in high-income countries.
Direct monitoring of progress on this cause of death globally is
currently not feasible because details on the type of diabetes
and cause of death are frequently incomplete, which makes it
difficult to track and reveal disparities in avoidable causes of
death related to diabetes around the world. We searched
PubMed for research articles published up to Oct 13, 2021,
using the terms [“diabetes” AND “mortality” AND (“child” OR
“adolescent” OR “youth”)]. No language restriction was applied.
This search revealed few studies evaluating nationwide
diabetes mortality in the initial decades of life, and none
considering diabetes type.

Added value of this study

The Global Burden of Diseases, Injuries, and Risk Factors Study
(GBD) collates mortality data of nations around the world,
adjusting for incompleteness of death registration and
ill-defined causes of death. To produce more accurate estimates
for countries with poor data, GBD applies modelling techniques
which take advantage of findings from countries with good
data. Based on GBD 2019 estimates, we assessed levels and
trends of age-standardised diabetes death rates at ages
younger than 25 years, considering it as a metric of potential
avoidable mortality from diabetes that can be used for
comparisons by location and over time. Trends across the world

trends in basic care for diabetes. However, deaths due to
diabetes (International Classification of Diseases,
revision 10 [ICD-10], codes E10-E14) are frequently further
classified vaguely as due to multiple (.7) or unspecified (.8)
complications, or without complications (.9), making a
direct assessment of trends in deaths due to acute
complications difficult.” For example, from 1996 to 2011 in
Brazil, 83-6% of deaths, after removing those due to renal
disease (.2) and peripheral arterial disease (.5), were coded
with uninformative .7 to .9 codes.” However, because
mortality in people younger than 25 years is probably
mostly due to acute complications," restricting the
evaluation to this age range permits a focus on avoidable
causes of death.

The Global Burden of Diseases, Injuries, and Risk
Factors Study (GBD), which systematically collects
mortality data, offers estimates of mortality rates by age
group and disease for countries around the world.”
With the goal of developing a simple and up-to-date
indicator of potentially preventable diabetes mortality,
our objective was to evaluate diabetes mortality in
people younger than 25 years and its trends using

revealed progress in decreasing these deaths from

1990 to 2019 at all levels of development, as indicated by the
GBD's Socio-demographic Index. Countries with a lower level of
development had lesser declines and much higher mortality in
2019 than those with a higher level of development. However,
even at similar levels of development mortality varied widely
across countries, in great part related to the level of universal
health coverage. Globally, most of the deaths were due to type 1
diabetes. The death rate due to type 2 diabetes at ages younger
than 25 years showed less progress over the period.

Implications of all the available evidence

Diabetes-related death among people younger than 25 years,
principally due to incomplete or inadequate access to basic health
care for type 1 diabetes, can be largely avoided with universal
access to insulin and basic diabetes care. However, the task of
creating such access is far from accomplished globally. Although
disparities were largely related to levels of development of a
country, accessibility of health care was also important. The
metric of age-standardised mortality due to diabetes at ages
younger than 25 years, derived from readily available and
frequently updated GBD data, can help to monitor diabetes-
related potentially preventable deaths over time globally, aligned
with the UN's Sustainable Development Target 3.8 of achieving
“universal health coverage, including financial risk protection,
access to quality essential health-care services, and access to safe,
effective, quality, and affordable essential medicines and vaccines
for all”. The metric mostly reflects potentially avoidable deaths
due to type 1 diabetes in the young but also those due to
early-onset type 2 diabetes, thus helping to give voice to those
advocating better care for diabetes across the globe.

readily available GBD 2019 data on countries across the
world.

Methods

Overview and definition

We used estimates from the GBD 2019 study. The GBD
applies a standard methodological approach to generate
estimates for mortality and causes of death for diseases for
204 countries and territories. We restricted our country-
specific analyses to those with a total population of
1 million or more people in 2019 to minimise the higher
variability present in the 45 countries with smaller
populations. Estimates for all locations can be found in the
appendix (pp 45-52).

We defined deaths occurring at ages younger than
25 years as due to type 1 and type 2 diabetes and due to
chronic kidney disease resulting from diabetes based on
ICD-9 and ICD-10 codes.

The general methods used to generate these estimates
are described in the appendix (pp 5-31), which also
includes references to the methodology used in additional
GBD publications, which provide further detail. Data
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sources for causes of death were obtained from vital regi-
stration systems, verbal autopsies, and other surveillance
systems for 1990-2019.2" Data inputs used to generate the
estimates are available on the Global Health Data exchange
website. The appendix (p 13) shows the quality of the
national vital registration data over the period 2010-18. An
explanation on how to assess the data quality is also
provided in the appendix (p 12).

Mortality estimation

Mortality estimates were generated through standardi-
sation of input data and mapping of ICD-10 (and equiva-
lent ICD-9 codes) to type 1 diabetes (ICD-10 codes
E10-E10.11, E10.3-E10.9, and P70.2), type 2 diabetes
(E11-E11.1 and E11.3-E11.9), and chronic kidney disease
due to each type of diabetes (E10.2 for type 1 and E11.2 for
type 2). Age-sex splitting was then performed for data from
sources providing only overall summaries. After this
process, intermediate or poorly defined ICD codes were
redistributed to plausible causes using regression or
proportion redistribution methods.” Deaths reported as
due to other or unspecified types of diabetes (E12-E14)
were redistributed to type 1 or type 2 diabetes using
regression modelling. To estimate the causes of death,
GBD uses the Cause of Death Ensemble model (CODEm),
which combines results from different statistical models
weighted on the basis of their out-of-sample predictive
validity.” The estimate for each cause of death is the mean
of 1000 draws from the set best performing models.
95% uncertainty intervals (Uls) reflect the 25th and
975th values of these 1000 draws, and were calculated for
all estimates. CODEm was used to model diabetes overall,
both types of diabetes, and chronic kidney disease. How-
ever, the distribution of chronic kidney disease deaths due
to diabetes into separate type 1 and type 2 diabetes cate-
gories was performed with DisMod-MR 2.1, which permits
adjustment based on the prevalence of each type. For
estimation of deaths due to overall diabetes, the GBD
applies two distinct models, one for ages younger than
15 years (calculating deaths assumed to be due only to
type 1 diabetes), and the other for ages 15 years and older,
representing deaths due to all types of diabetes.” For ages
0-14 years, the covariates used in modelling were
Healthcare Access and Quality (HAQ) Index, education
years per capita, age-standardised fertility rate, geographic
latitude, age-standardised underweight (weight-for-age)
summary exposure variable, percentage of births occurring
in women older than 35 years, percentage of births
occurring in women older than 40 years, Socio-demo-
graphic Index (SDI), age-standardised stunting (height-for-
age) summary exposure variable, and mean birthweight.
For ages 15 years and older, the covariates were age-
standardised mean fasting plasma glucose (mmol/L),
age-standardised prevalence of diabetes, education years
per capita, lag-distributed income per capita, mean BMI,
mean cholesterol, mean systolic blood pressure, prevalence
of obesity, age-specific and sex-specific summary exposure
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variable for low fruit intake, energy-adjusted grams of
sugar, age-specific and sex-specific summary exposure
variable for low vegetable intake, HAQ Index, and age-
specific and sex-specific summary exposure variable for
alcohol use.

For all models generated, GBD then applies a cause of
death correction procedure that scales deaths from indivi-
dual causes to match all-cause mortality for each sex-year-
location, as derived from demographic analyses. Further
details on these procedures can be found elsewhere.”" For
this study, we aggregated deaths from diabetes and from
chronic kidney disease due to diabetes in ICD-10. Death
rates per 100000 population were age standardised using
the direct method and the GBD standard population.”

SDI and universal health coverage index, and diabetes
prevalence

The SDI is a composite indicator of development status
derived from the total fertility rate in women younger
than 25 years, mean education for those 15 years or older,
and lag-distributed income per capita,”as detailed in the
appendix (p 32). We expressed this index for 204 countries
and territories, and stratified it into quintiles to explore
the difference in age-standardised death rates due to
diabetes between countries at different levels of
development. We provide a list of countries by SDI
quintile and identify the SDI quintile of each country in a
map (appendix pp 4044, 53).

GBD’s universal health coverage (UHC) index was
constructed by mapping 23 effective coverage indicators
against five health service domains, then weighting each
indicator relative to its associated potential health gains."
We analysed the association between the UHC effective
coverage index and age-standardised death rates by linear
regression and present 12 as a measure of how much of
the variance in diabetes mortality in people younger than
25 years is explained by the UHC index.

We similarly analysed the association between
age-standardised prevalence of diabetes and mortality.
Prevalence of diabetes was estimated from surveys of
glycaemic values or use of diabetes medication, and for
individuals younger than 15 years also from diabetes
registries or hospital records. Detailed description of
prevalence estimation is found elsewhere.”

Analyses in this Article were conducted with Python
(version 3.6.2), Stata (version 13), and R (versions 3.5.0
and 3.6.0).

Role of the funding source

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

Results

Mortality due to diabetes

In 2019, 16 300 (95% UI 14200-18900) deaths were due to
diabetes (types 1 and 2 combined) in people younger than

For data inputs see http://ghdx.
healthdata.org/ghd-2019/data-

input-sources
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Deaths, 2019 Age-standardised death rate
Number Percentage due  Percentage Percentageof ~ Per Per 100000, All diabetes Type 1diabetes Type 2 diabetes
totype 1 due to CKD* total deathst 100000,1990 2019 percentage percentage percentage
diabetes change, change, change,
1990-2019 1990-2019 1990-2019
Global 16300 73:7% 16-5% 0-24% 0-60 0-50 -17-0% -21-0% -2:5%
(14200t018900)  (683t077-4)  (9-8t0246) (021t0027)  (051t00-69)  (0-44t0058)  (-28:4t0o-29) (-33-0t0-59) (-17-7t015-8)
Low SDI 4860 793% 7-8% 0-15% 0-83 0-71 -13-6% -13-6% -13-7%
(40700 5900) (743t082:5)  (41t0133)  (013t0017)  (070t00-95)  (0-60t00-86)  (-284t03-4)  (-293t08:9)  (-32-2t0111)
Low-middle SDI 5300 73:7% 133% 0-25% 071 0-60 -15-4% -18-4% -5-0%
(4510 to 6200) (665t077-8)  (76t0207)  (022t0029)  (0-60t00-84)  (051t0070)  (-309t02:6)  (-35:9t02:9)  (-28:9t023-9)
Middle SDI 4710 67-5% 291% 0-42% 0-70 0-48 -31-3% -38-6% -7-2%
(4000 to 5640) (60-9t072:6)  (18-8t039:8) (0-35t00:50)  (0-56t00-83)  (0-41t00-57) (-402t0-15-4)  (-47-4t0-21-6) (~20-0t0 9-0)
High-middle SDI 1000 72:9% 20-8% 0-35% 0-39 0-22 -44-5% -48-8% -26:5%
(878 t0 1140) (67-8t0764)  (12:8t029:8) (0:31t00-40)  (0-34t00-45)  (0-19t00-25) (-52.0t0-36-5) (-56:3to-415) (-37-2to-11-2)
High SDI 415 83:1% 4-9% 0-35% 0-19 013 -29-4% -29:6% -287%
(390t0 443) (782t0852)  (2:5t08:5) (033t00-37) (0-17t0 0-20) (012t0 0-14) (-333to-254) (-33-7to-254) (-37-1to-154)

Data in parentheses are 95% uncertainty intervals. CKD=chronic kidney disease- SDI=Socio-demographic Index. *CKD deaths due to type 1 and type 2 diabetes; note that percentages due to type 1 diabetes and
those due to CKD are not mutually exclusive. TNumber of deaths due to diabetes at ages younger than 25 years divided by the total of deaths from all causes at ages younger than 25 years.

Table 1: Comparison of mortality due to diabetes at ages younger than 25 years and contribution of CKD according to the SDI
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Figure 1: Trends in age-standardised death rates due to type 1 diabetes (A) and type 2 diabetes (B) at ages younger than 25 years, 1990-2019, by SDI quintiles

SDI=Socio-demographic Index.

25 years globally, with 15900 (97-5%) occurring in low to
high-middle SDI countries. 415 (390—443) individuals
younger than 25 years died from diabetes in 2019 in high
SDI countries compared to 4860 (4070-5900) in the low
SDI countries and 5300 (4510-6200) in the low-middle SDI
countries. Among global deaths, 73-7% (68-3-77-4) were
classified as due to type 1 diabetes, and the remainder as
due to type 2 diabetes. Chronic kidney disease due to either
type of diabetes was responsible for 16-5% (9-8-24-6) of
these deaths (varying between 4-9% [2-5-8-5] in the high
SDI quintile and 29-1% [18-8-39-8] in the middle SDI
quintile). At ages younger than 25 years, diabetes was a
rare cause of death, with 16300 (0-24%) deaths of
6912000 total deaths from all causes globally, varying
from 4860 (0-15%) of 3259000 deaths in the low SDI
quintile to 4710 (0-42%) of 1133000 deaths in the middle
SDI quintile. Data for all-cause mortality are from GBD
2019 results (appendix pp 5-6). The age-standardised death
rate in 2019 was 0-50 (0-44-0-58) per 100000 population,
varying from 0-13 (0-12-0-14) per 100000 population in
the high SDI quintile to 0-60 (0-51-0-70) per

100000 population in the low-middle SDI quintile and 0-71
(0-60-0-86) per 100000 population in the low SDI quintile
(table 1). Age-standardised death rates decreased by 17-0%
(-28-4 to -2-9) globally from 1990 to 2019, ranging
from -13-6% (-28-4 to 3-4) in the low SDI quintile
to—44-5% (-52-0to—36-5) in the high-middle SDI quintile
(table 1).

The appendix presents trends in age-standardised death
rates due to diabetes overall by SDI for ages younger than
25 years, from 1990 to 2019 (appendix p 54), as well as
data for age-standardised deaths rate, percentage change
in rates from 1990 to 2019, percentage of total deaths,
number of deaths, and population for all countries
grouped into SDI quintiles (appendix pp 45-52).

Figure 2: Age-standardised mortality due to diabetes at ages younger

than 25 years

(A) Age-standardised death rate per 100 000 population in 2019. (B) Percentage
change in age-standardised death rate from 1990 to 2019. Countries with total
population of less than 1 million people are excluded.
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Age-standardised death rate per 100000,  Percentage change, 1990-2019
2019
Highest Lowest Least favourable Most favourable
Low SDI 178 (129t0239;  0-27(0-13t0 0-42; 91-4% (411t0146-0; -52-2% (-64-8t0-35-8;
Papua New Guinea) Yemen) Pakistan) Ethiopia)
Low- 1.93(1:30t02:68; 0-23(0-19t00-28; 84-8% (18-1t0158-2; -511% (-66-2t0-27-0;
middle SDI Myanmar) Kyrgyzstan) Guatemala) Cambodia)
Middle SDI'  1-35(1.07to1:70;  0-15(0-11t0 0-19; 963% (57-0t0137-7;  -64-8% (-72-8 to -54-6;
Philippines) Cuba) Uzbekistan) Cuba)
High- 1-31(0-98to 1-74;  0-04 (0-03 to 0-05; 97:1% (51-0t0151-2;  -73-1% (-82-8t0 -60-9;
middle SDI' Mauritius) Spain) Mauritius) Turkey)
High SDI 0-45 (0-34t0 0-62; 0-03 (0-02 to 0-04; —-3-5% (-10-5 t0 2-0; -735% (-79-6 to-63-2;
Kuwait) Cyprus) USA) Singapore)
Data in the parentheses are 95% uncertainty intervals and countries. SDI=Socio-demographic Index.
Table 2: Highest and lowest age-standardised death rates due to diabetes at ages younger than 25 years
in 2019, and most and least favourable percentage changes from 1990 to 2019, by SDI quintile
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Additionally, age-specific mortality before the age of
15 years in 2019, as expected, was very low for all SDI
quintiles, except for the low SDI quintile (appendix p 55).
Rates then increased, particularly in the low to middle
SDI quintiles. At the age range of 20-24 years, rates in the
low SDI were almost 3-5 times those of the high SDI
quintile (appendix p 55).

Age-standardised death rates by type of diabetes
Because most deaths before the age of 25 years were due to
type 1 diabetes, declines seen for this diabetes type
resembled those seen for all cases. By contrast, declines for
type 2 diabetes were generally smaller globally
(-2-5 % [95% UI -17-7 to 15-8]), although variable across
SDI quintiles (eg, —28-7% [-37-1 to —15-4] in high SDI
countries; table 1).

For type 1 diabetes (figure 1A), the age-standardised
death rate decreased by 21-0% (95% UI -33-0 to —5-9)
globally when considering only type 1 diabetes, and the
greatest decreases from 1990 to 2019, starting at about
year 2000, were observed for the high-middle quintile
(—48-8% [-56-3 to —41-5]) and middle SDI quintile
(-38:6% [47-4 to -21-6]). In 2019, the high-middle
quintile approached the rate of high SDI countries. Lesser
decreases were seen in low-middle and low SDI quintiles,
leaving them with high rates in 2019. For type 2 diabetes
(figure 1B), declines were generally small. Ranking of SDI
quintiles by their type 2 diabetes age-standardised death
rates in 2019 showed a similar pattern to that seen for
type 1 diabetes, except for the middle SDI quintile, the rate
of which equalled that of the low-middle SDI quintile
(figure 1B).

Differences in age-standardised death rates by location

Important variation in age-standardised death rates due
to diabetes before the age of 25 years in 2019 was seen
globally (figure 2A). Many countries in sub-Saharan
Africa, the Caribbean, and southeast Asia, as well as a
cluster of countries in central Asia together with

neighbouring Afghanistan and Pakistan, had the highest
age-standardised death rates. By contrast, high-income
countries of western Europe, Australasia, and Asia
Pacific, as well as Chile and Canada, had the lowest age-
standardised death rates.

Progress in decreasing this mortality rate from 1990
to 2019 has also varied considerably. Although
age-standardised death rates in some countries increased,
rates decreased in most countries, frequently by more
than half (figure 2B). Many countries in central Asia,
Oceania, Latin America and the Caribbean, and eastern,
western, and southern sub-Saharan Africa had high
increases, and many from Europe, high-income Asia
Pacific, and east and southeast Asia had large decreases.

The three countries with the highest age-standardised
diabetes death rates in 2019 across all SDI quintiles were
Myanmar (1-93[95% UI1-30-2-68] per 100 000 population;
table 2), Papua New Guinea (1-78 [1-29-2-39] per
100000 population; table 2), and Haiti (1-57 [1-14-2-10]
per 100000 population; appendix p 48). The three countries
with lowest age-standardised diabetes death rates in 2019
regardless of SDI index were Cyprus (0-03 [0-02-0-04]
per 100000 population; table 2), Slovenia (0-03 [0-03-0-04]
per 100000 population; appendix p 46), and Switzerland
(0-03 [0-03-0-04] per 100000 population; appendix p 47).
Frequently, the highest rate in each SDI quintile was
approximately ten times that of the lowest (table 2). A
similar mortality pattern was seen globally when analyses
included only type 1 diabetes deaths (appendix p 56).

Differences in age-standardised death rates by SDI and
UHC indices
Variability was also seen when considering the extremes of
changes within each SDI quintile. For example, in the high
SDI quintile, the age-standardised death rate decreased by
73-5% (95% UI -79-6 to —63 - 2) for Singapore versus 3-5%
(-10-5 to 2-0) for the USA; within the low SDI quintile, the
rate increased by 91-4% (41-1 to 146-0) for Pakistan and
decreased by 52-2% (-64-8 to —35- 8) for Ethiopia (table 2).
Death rates in 2019 were unrelated to age-standardised
diabetes prevalence at ages younger than 25 years
(r2=0-0004; data not shown). Universal health coverage
was inversely associated with age-standardised death rates
per 100000 population explaining 62% of total variance
(r2=0-62; figure 3A). An inverse association was also
present within each individual SDI stratum (figure 3B).

Discussion

From 1990 to 2019, we observed general progress in
decreasing mortality due to diabetes at ages younger than
25 years, mostly related to type 1 diabetes. However, large
disparities persisted across countries, with age-
standardised mortality of low and low-middle SDI
countries being approximately five times that of high
SDI countries and varying more than ten times across
countries within SDI quintiles. UHC explains an
important part of the variability in rates and highlights
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Figure 3: Scatterplot of age-standardised diabetes death rate at ages younger than 25 years by UHC index in 2019 globally (A) and by SDI quintile (B)
The diagonal line is the death rate at each UHC index as estimated by linear regression. Country super-regions are indicated by colours. UHC=universal health coverage.

the role of access to care in reducing disparities in
mortality in this age group.

Deaths due to acute complications of type 1 diabetes,
although usually avoidable, have been rarely used as an
indicator of potentially preventable deaths, owing to
poor specification on death certificates. By restricting
our analyses to ages younger than 25 years, a range in
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which most deaths are among cases of type 1 diabetes
and presumably mostly due to acute complications, this
derived indicator minimises the problem of poor
reporting in vital registration. Chronic kidney disease,
as here reported, represents 16- 5% of all diabetes deaths
before the age of 25 years. As this cause of death at early
ages is likely to be related to extremely poor glycaemic
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control, which can be prevented through basic diabetes
care, it can logically be considered within this metric of
avoidable deaths. Of note, acute infections associated
with poor glycaemic control, another potentially
avoidable cause of death among people with diabetes at
ages younger than 25 years,”™ will not be captured by
the metric as they are not assigned to diabetes on the
death certificate.

Deaths due to chronic complications at ages younger
than 25 years also occur in people with early-onset type 2
diabetes, as type 2 diabetes in the young has been
recognised as a more severe form of disease than diabetes
presenting at older ages.” As the epidemic of type 2
diabetes grows, type 2 diabetes in the young is posing
new challenges to health care. The small and variable
progress in decreasing early deaths due to type 2 diabetes
described here highlights the need to monitor this
mortality in the years to come.

Our findings of low mortality rates at ages younger
than 25 years in high SDI countries attests to the
amenability of these deaths and supports the importance
of access to diabetes medications and basic diabetes care.
Protocols have been successfully implemented in high-
income countries over the years.” However, many
LMICs, while striving to adjust to rapid and incomplete
epidemiological transitions, have faced additional
obstacles, such as limited technical expertise and political
and economic instability, complicating their implemen-
tation of similar protocols. The rapid decrease in deaths
due to acute complications in Brazil’ a country in the
middle SDI quintile, with increasingly adequate and
accessible primary care and the provision of free insulin,
highlights the preventability of such deaths in settings
with fewer resources.

Almost 22 million people were living with type 1 diabetes
in 2019,” needing insulin daily. Insulin access and prices
vary widely across countries,” and limited government
expenditures for health” hinder the creation of universal
care systems in many LMICs. In settings where individuals
are required to pay out-of-pocket for all or part of their
diabetes care, which includes insulin as well as syringes,
blood glucose meters, and the necessary health education,
cost can make insulin treatment unaffordable.* This is
particularly important in low-income countries, in which
insulin prices are frequently higher than in middle-income
and high-income countries.”*

By analysing diabetes mortality at ages younger than
25 years, we have mapped areas of the world that need
greater action to prevent these avoidable early deaths.
Among these areas are sub-Saharan Africa, parts of
central and southeast Asia, Oceania, and Latin America
and the Caribbean. Countries in these locations have
high age-standardised death rates due to diabetes, in
comparison to those from the high SDI quintile, and in
some, rates are increasing.” Although our analyses for
these countries frequently depend on modelling, we can
postulate that inadequate diagnosis and treatment of

diabetes, as highlighted for sub-Saharan Africa,” is likely
to be a major contributor to these early deaths. The
diabetes burden of these countries calls for global action
in alignment with the UN Sustainable Development
Goal 3, which emphasises the provision of universal
access to care and affordable essential medicines, and
with WHO’s Global Target 9 for confronting NCDs,
which focuses on the availability of essential medicines,
including insulin.** The Lancet Global Health Com-
mission on high-quality health systems emphasised the
importance of developing health systems in LMICs to
permit broad access to quality health services. As
highlighted by the Lancet Diabetes Commission, access
to insulin, patient education, and tools for monitoring
blood glucose concentration are important to prevent
premature deaths and emergencies in young patients
with type 1 diabetes.” So far, there has been no means of
periodic monitoring of this mortality goal globally. The
use of the age-standardised death rate from diabetes at
ages younger than 25 years can help to track achievements
in basic diabetes health care. Additionally, the recently
described increased risk of young people with type 2
diabetes® could be similarly tracked.

This study has limitations. First, the vital registration
data are generally of low quality or absent in many
countries, especially in sub-Saharan Africa. However, the
GBD, over decades, has developed a comprehensive
methodology to address this problem, including yearly
searches with in-country collaborators for available data;
detailed cleaning, correction, and smoothing routines;
and modelling approaches to maximise the use of what
data are available. Second, few well established risk
factors for type 1 diabetes exist, limiting the ability to
extrapolate findings from data-rich countries. Third, our
diabetes mortality indicator could have varied, in part,
due to differences in the underlying prevalence of
diabetes. However, within the age range analysed,
prevalence was poorly associated with age-standardised
diabetes death rates. Although lack of adjustment for
diabetes prevalence could be an issue for a few countries
with very high prevalence of type 2 diabetes, to keep the
indicator simple we did not make this adjustment. In the
future, as the prevalence of type 2 diabetes in the young
increases, this adjustment might become indicated.

Within these limitations and recognising that the rates
modelled for specific countries are approximations of
their true rates, we describe a comprehensive and global
overview of the level and trends in age-standardised
diabetes mortality at early ages. The metric allows the
monitoring of potentially avoidable diabetes deaths—
those caused by acute complications and, to a lesser
extent, chronic complications resulting from extremely
poor glycaemic control—around the world. If meaningful
progress on decreasing avoidable diabetes deaths is to be
made on a world scale, it must be focused on low to high-
middle SDI countries where 97-5% of the deaths due to
diabetes in people younger than 25 years occur.
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Prevention of diabetes mortality can be improved with
the prompt diagnosis and treatment of type 1 diabetes
and with the provision of basic care and education to
both people with all types of diabetes and their families.*
It is time for insulin, now 100 years after its discovery, to
become available to all in need.

Globally, progress has been made in decreasing
diabetes mortality at ages younger than 25 years,
although important variability across countries remains.
The decreases are less pronounced in low and low-middle
SDI countries. Additionally, the large variability of this
metric within each SDI quintile and its strong inverse
correlation with the GBD’s UHC index indicate that
factors related to the organisation and quality of health
care are important determinants of these outcomes.
Diabetes mortality at ages younger than 25 years can
serve as a readily available indicator for the surveillance
of basic diabetes care and access to insulin around the
world.
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