Diabetologia (2021) 64:2741-2750
https://doi.org/10.1007/s00125-021-05571-8

ARTICLE ;.)

Check for
updates

Type 1 diabetes in 2017: global estimates of incident and prevalent
cases in children and adults

Anders Green 2 (® - Simone M. Hede - Christopher C. Patterson>@® - Sarah H. Wild*® - Giuseppina Imperatore” -

Gojka Roglic® - David Beran”’

Received: 11 February 2021 /Accepted: 15 July 2021 / Published online: 2 October 2021
© The Author(s) 2021

Abstract

Aims/hypothesis Data on type 1 diabetes incidence and prevalence are limited, particularly for adults. This study aims to estimate
global numbers of incident and prevalent cases of type 1 diabetes in 2017 for all age groups, by country and areas defined by
income and region.

Methods Incidence rates of type 1 diabetes in children (available from 94 countries) from the IDF Atlas were used and
extrapolated to countries without data. Age-specific incidence rates in adults (only known across full age range for fewer than
ten countries) were obtained by applying scaling ratios for each adult age group relative to the incidence rate in children. Age-
specific incidence rates were applied to population estimates to obtain incident case numbers. Duration of diabetes was estimated
from available data and adjusted using differences in childhood mortality rate between countries from United Nations demo-
graphic data. Prevalent case numbers were derived by modelling the relationship between prevalence, incidence and disease
duration. Sensitivity analyses were performed to quantify the impact of alternative assumptions and model inputs.

Results Global numbers of incident and prevalent cases of type 1 diabetes were estimated to be 234,710 and 9,004,610,
respectively, in 2017. High-income countries, with 17% of the global population, accounted for 49% of global incident cases
and 52% of prevalent cases. Asia, which has the largest proportion of the world’s population (60%), had the largest number of
incident (32%) and prevalent (31%) cases of type 1 diabetes. Globally, 6%, 35%, 43% and 16% of prevalent cases were in the age
groups 0—14, 15-39, 4064 and 65+ years, respectively. Based on sensitivity analyses, the estimates could deviate by +15%.
Conclusions/interpretation Globally, type 1 diabetes represents about 2% of the estimated total cases of diabetes, ranging from
less than 1% in certain Pacific countries to more than 15% in Northern European populations in 2017. This study provides
information for the development of healthcare and policy approaches to manage type 1 diabetes. The estimates need further
validation due to limitations and assumptions related to data availability and estimation methods.
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What is already known about this subject?
e The incidence of type 1 diabetes varies greatly between countries
e The prevalence of type 1 diabetes is affected by the delivery of care, which also varies between countries,
and in many low- and middle-income countries is sub-optimal
e Information on the global distribution of type 1 diabetes in all age groups is very limited
What is the key question?
e What is the global distribution of incident and prevalent cases of type 1 diabetes for all age groups?
What are the new findings?
e  Global numbers of incident and prevalent cases were estimated to be 234,710 and 9,004,610, respectively,
for the year 2017
e Globally, in 2017, type 1 diabetes accounted for only about 2% of people with diabetes, with substantial
variations being seen between countries, country income levels and geographical areas in the number of
both incident and prevalent cases
e Globally, ~60% of all people with type 1 diabetes were above 40 years of age
How might this impact on clinical practice in the foreseeable future?
e These new estimates, despite their limitations, may be useful for clinicians, healthcare planners, decision
makers and other stakeholders to optimise the provision of insulin and other healthcare needed for people
with type 1 diabetes
LMIC Lower middle-income country literature is restricted to estimates for children and adolescents
NCD Non-communicable disease [5-8]. Data available on the incidence of type 1 diabetes are
UMIC Upper middle-income country from incidence registries similar to those established for the
UN United Nations WHO Diabetes Mondiale (DIAMOND) study and the Europe
and Diabetes (EURODIAB) study, covering children 0—
14 years of age and using a standard case definition [9, 10].
The incidence and prevalence of type 1 diabetes differ
substantially globally [9, 11] and incidence has been changing
Introduction over time in different countries [12, 13]. Type 1 diabetes is

Diabetes is one of the four non-communicable diseases
(NCDs) prioritised by the WHO [1]. Although diabetes
encompasses both type 1 and type 2 diabetes, type 2 diabetes
is given more attention due to its shared risk factors with other
NCDs and its larger burden. The WHO estimated that there
were 422 million adults with diabetes in the year 2014, with-
out distinguishing between types of diabetes [2]. Type 1
diabetes is defined as absolute insulin deficiency of unknown
cause [2]. It has been estimated that type 1 diabetes represents
approximately 5-10% of the total prevalence of diabetes,
corresponding to 21-42 million people [3, 4]. However, such
claims are usually based on northern European populations,
which have the highest incidence and prevalence rates of type
1 diabetes. Published data on type 1 diabetes incidence and
prevalence in adults are scarce because most of the available
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among the most common chronic diseases in children [14].
Large population-based cohort studies in Europe suggested
that life expectancy for people with type 1 diabetes compared
with that of the general population was reduced by approxi-
mately 13 years for women and 11 years for men at 20 years of
age in Scotland and by 18 years for women and 14 years for
men among people with type 1 diabetes diagnosed under
10 years of age in Sweden [15, 16]. However, in low-
income countries (LICs) and lower middle-income countries
(LMICs), high mortality rates are still observed due to lack of
access to insulin and adequate healthcare [17, 18].

Without clear data on the overall burden of type 1 diabetes,
the planning and establishment of appropriate healthcare are
difficult [17, 19]. The aim of this study is to provide country,
regional and global estimates of numbers of new cases of type
1 diabetes (incident cases) and numbers of people living with
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type 1 diabetes (prevalent cases) for 2017, covering all age
groups.

Methods

All calculations were done using Microsoft Excel (2016).
Figure 1 summarises the estimation process and the electronic
supplementary material (ESM) Methods provides a detailed
account of the principles and assumptions.

Overview of the estimation process Incidence rates for type 1
diabetes in children were derived from peer-reviewed
published studies [20]. Most of them used a standardised case
definition, defined population and assessment of ascertain-
ment as proposed by the WHO [21] and the EURODIAB
study [20]. All incidence rates for type 1 diabetes in childhood
(age 0—14 years) used for the present analysis are shown in
ESM Table 1. Information on age-specific incidence rates
among adults are mainly restricted to high-income countries
(HICs) [22, 23], and suggests that the incidence rate among
adults is considerably lower than that among children. For this
analysis, we used Danish data for the year 2017, established as
an update of a previously published dataset [24], as further
explained in ESM Table 2, ESM Table 3 and ESM Fig. 1.

Demographic data on age group and country-specific
population estimates for the year 2017 were obtained from
the United Nations (UN) [25]. Countries were grouped
according to level of income as classified by the World
Bank [26], as well as by major geographical area and sub-
area/region as used in UN World demography [25]. Due to
paucity of sex-specific data on incidence, sex was not includ-
ed in the estimation model.

Throughout the analysis age was grouped into four categories
(014, 15-39, 4064 and 65+ years), as a compromise between
the desire to provide estimates for narrowly defined age groups
vs the lack of sufficiently detailed epidemiological data on type
1 diabetes. This grouping was chosen since it covers childhood
(014 years, which is covered best by the epidemiological infor-
mation available), younger adulthood (15-39 years), middle age
(40—64 years) and older age (65+ years).

Estimating incident numbers of type 1 diabetes Published
incidence data for type 1 diabetes were identified for 90 coun-
tries [20]. There were only three studies from 30 LICs. If no
study was available for a particular country, the country was
assigned an incidence rate from another country, based on
geographical proximity, per capita income, study quality and
ethnic background [20]. Concerning incidence rates for ages
beyond childhood and young adulthood, a global review [6]
found that among 70 identified publications on the epidemi-
ology of type 1 diabetes, 32 studies covered age groups above
30 years, but only six covered age groups above 60 years [6].

Input: data from IDF
and supplementary
sources

National IRy,

Modelling: IR5_3q,
IR40.64 @and IRgs, from
IR0-14

National age-specific IR

Input: demographic
data

National age-specific incident
numbers

Modelling: duration
from onset
throughout life

National prevalent numbers by
onset age

Modelling: distribution
of cases by current
age

National prevalent numbers by
current age

Fig. 1 Overview of the approach for estimating numbers of incident and
prevalent cases of type 1 diabetes in the world for 2017. IR, incidence
rate; IRg_14, incidence rate in the 0—14 years age group; IR ;5 39, incidence
rate in the 15-39 years age group; IRy ¢4, incidence rate in the 40—
64 years age group; IRes., incidence rate in the 65+ years age group

In general, the incidence rate for the age group 15-39 years
was about half that for children aged 0—14 years, and age
groups above 40 years were lower. In a study covering 10%
of the Chinese population [27], the incidence rates of type 1
diabetes for the age groups 15-39, 40—64 and >65 years were
0.57, 0.28 and 0.19 times the incidence rate seen in children
aged 0-14 years. To provide estimates of incidence rates in
adults, country-specific incidence rates of type 1 diabetes in
children aged 0—14 years were used together with assumed
ratios of incidence rates in older age groups compared with
incidence rates in children aged 0—14 years. These scaled age-
specific rates were applied to population estimates to provide
age-specific incident case numbers for each country.
Specifically, the following age-specific incidence rate ratios
were obtained from Danish data (see ESM Table 2) and
applied globally: age group 0—14 years, 1.00 (used as refer-
ence); age group 15-39 years, 0.50; age group 40-64 years,
0.30; age group 65+ years: 0.25. The age-specific incidence
rates were then applied to demographic data to estimate inci-
dent case numbers stratified by onset age.
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Estimating duration of type 1 diabetes This requires estimates
of mean remaining lifetime from onset age of type 1 diabetes.
Since this is likely to depend on the health and socioeconomic
conditions of a country, a penalty function, based on the
country’s under 5-years child mortality rate (CM), was gener-
ated and applied to adjust life expectancy in people with type 1
diabetes relative to that from Danish data (see ESM Fig. 1).
CM values were chosen as an alternative to life expectancy
functions covering the full lifespan, as CM is largely indepen-
dent of the impact of mortality attributable to HIV/AIDS.
Country-specific values of CM (per 1000 live births) for the
year 2017 were obtained from the UN Inter-agency Group for
Child Mortality Estimation [28] and are listed in ESM Table 1.

The penalty (Pen) for a given country was calculated as the
CM (per 1000) divided by the constant of 130, selected as just
above the highest CM for any country in 2017 [28], as
follows:

Pen = CM/130

The penalty value (listed by country in ESM Table 1) was
used to scale the mean duration of type 1 diabetes within an
age band for a given country relative to what is considered the
maximum mean duration under optimal conditions of living
with type 1 diabetes. This was accomplished using the
relationship:

Mean duration = global maximum mean duration x (1-Pen)

Global maximum mean duration was taken as 60.4, 43.4,
21.1 and 8.5 years based on estimated remaining lifetimes for
Danish individuals with assumed type 1 diabetes with onset in
age groups 014, 15-39, 40-64 and 65+ years, respectively.
These estimations are in close agreement with data from
Scotland [15] (see ESM Table 2 and ESM Table 3 for details).
A global minimum mean duration was set at 0.5 years
reflecting assumed short survival (regardless of age) in people
diagnosed with type 1 diabetes in countries where people have
severe challenges accessing insulin or facilities capable of
diagnosing and managing type 1 diabetes.

Estimating prevalent case numbers To estimate prevalence
from incidence, we used the general principle:

Prevalence = incidence X mean duration

The equation assumes epidemiological ‘steady state’ (i.e.
that the annual number of new cases equals the annual number
of deaths from the patient population). The principle was
applied for a given country to estimate the prevalence of type
1 diabetes according to age at onset and to provide estimates
of the prevalence of type 1 diabetes according to attained age.
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Using the steps outlined above, country-specific numbers
were obtained for prevalence by onset age (see ESM Table 4
for an example). To obtain numbers of prevalent cases by
attained age a further step is necessary. This was accom-
plished by allocating the remaining years of life to age classes
using cumulative survival from onset of type 1 diabetes to the
end of each of the subsequent age intervals considered, assum-
ing epidemiological ‘steady state’ and with penalty adjust-
ment as before. The aforementioned Danish data provided
estimated mean age at onset within each of the age intervals
0-14, 15-39, 4064 and 65+ years, and these were applied
globally. The same data also provide estimated cumulative
survival from age at onset to the end of each of the subsequent
age intervals for people with age at onset in the intervals 0—14,
15-39 and 40-64 years (ESM Table 5). For each group
defined by attained age, the prevalent number was obtained
from cumulating contributions from people according to their
onset age. Example estimation data are shown in ESM Table 6
and ESM Fig. 2. Prevalence estimates were age-standardised
according to the WHO world standard population for 2000—
2025 [29].

Sensitivity analyses Four sensitivity analyses were performed
to investigate the effects of changing assumptions concerning
the penalty function, the assumed maximal life expectancy for
each age group at onset, as well as two different scenarios for
the ratios of age-specific incidence rates relative to the rate in
childhood. The scenarios covered by the sensitivity analyses
are specified in ESM Table 7.

Consultation with WHO member states Following initial esti-
mates using this approach, a 12 week formal consultation with
all WHO member states in 2019 was initiated. All countries
were invited to comment on the first draft of estimates and
share additional data or provide additional information about
national data sources.

Results

Thirty-seven countries provided feedback on the original esti-
mates. Although several countries maintain national, regional or
local diabetes registries, there were few published reports and
the definitions of type 1 diabetes varied. In many instances, type
1 diabetes was identified solely on the basis of current insulin
treatment. One large country provided new data that were eligi-
ble for inclusion, reducing the initial global prevalence estimate
of the number of people with type 1 diabetes by 3046.

The number of people who developed type 1 diabetes in
2017 (incident cases) was estimated to be 234,710 (Table 1
and ESM Table 8). HICs accounted for 115,600 cases (49% of
the global incidence but only 17% of the population). Asia,
which has 60% of the world’s population, was the continent
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with the largest number of incident cases (74,390, 32%),
followed by Europe (62,360, 27%) with 10% of the world’s
population. Figure 2 shows the age distribution of the incident
cases by income group and geographical area. Globally,
97,580 cases (42% of all incident cases) were estimated to
occur below 15 years of age, ranging from 34% for Europe
to 55% in Africa. Worldwide 14,080 incident cases (6% of the
total) were estimated to occur in people over 64 years of age,
the proportions ranging from 2% in Africa to 10% in Europe.

There were an estimated 9,004,610 prevalent cases of type
1 diabetes in 2017 globally (Table 1 and ESM Table 8). Six
per cent of prevalent cases were in the 0—14 years age group,
35% in the 15-39 years age group, 43% in the 40—64 years
age group and 16% in the 65+ years age group (Fig. 3). HICs
accounted for 52% of total prevalent cases, with upper
middle-income countries (UMICs), LMICs and LICs account-
ing for 19%, 27% and 2% of prevalent cases, respectively. Of
the total number of estimated prevalent cases of type 1 diabe-
tes, 31% were in Asia, followed by 27% in Europe, 19% in
North America, 13% in Latin America and the Caribbean, 8%
in Africa and 2% in Oceania. Age-standardised prevalence
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was highest in North America (4.4 per 1000), followed by
Oceania, which is dominated by Australia and New Zealand
(3.4 per 1000), and Europe (3.0 per 1000), and lowest in
Africa (0.8 per 1000) and Asia (0.6 per 1000).

Sensitivity analyses ESM Table 7 specifies the details of the
four sensitivity analyses performed separately; in one of the
analyses, the penalty function was not applied (‘ignoring
penalty function’), in another, life expectancy was reduced
(‘reduced mean duration’) and followed by two different sets
of scaling values of incidence rates from childhood to older
age groups (‘changed incidence scaling 1’ and ‘changed inci-
dence scaling 2°).

In the first sensitivity analysis (‘ignoring penalty function’)
all parameters were equal to those of the core model with the
exception that the penalty function was not applied. In this
scenario, which reflects the situation where all people with
type 1 diabetes have optimal healthcare, the prevalence esti-
mate would increase globally by 16% but with marked vari-
ability, ranging from +3% in Oceania to +52% in Africa, and
from +4% in HICs to +77% in LICs (see ESM Table 9). The

Fig. 3 Distribution of prevalent 100 1 1 1 1 ]
cases of type 1 diabetes by current 90 1 ||
age and by income groups and 1 N ] L L B80-14 years
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results in this scenario may be interpreted as the largest
number of prevalent cases of type 1 diabetes that could be
attained given current incidence levels and penalty similar to
countries with the lowest CMs. Incident case estimates
remained unaffected in this sensitivity analysis.

In the second sensitivity analysis (‘reduced mean duration’)
all estimates of mean life expectancy from onset were reduced
while maintaining the penalty function and the child/adult
incidence ratios (as in the core model). In this scenario, which
illustrates the impact of gross overestimation of mean disease
duration in the core model, the global prevalence estimate was
reduced by 28%, ranging from —27% to —29% by geography
and country income group (ESM Table 9). Incident case esti-
mates remained unaffected in this sensitivity analysis.

In the first of the child/adult incidence ratio sensitivity ana-
lyses (‘changed incidence scaling 1°), scaling was altered to
reduce incidence rates in older age groups while maintaining
all other parameters of the core model. The results are
summarised in ESM Table 9. Globally, the number of incident
cases was reduced by 20%, ranging from —22% in Europe to
—16% in Africa and from —15% in LICs to —21% in HICs. The
prevalence was reduced by 16% globally, ranging from —17%
in Europe to —13% in Africa and between —12% and —17% by
income group.

The second child/adult incidence ratio sensitivity analysis
(‘changed incidence scaling 2°) assumed that the incidence
rates for all age groups above childhood were scaled at 0.5
relative to the incidence in childhood. Here, incident cases
were increased by 18% globally, ranging from +9% in
Africa to +25% in Europe and from +7% in LICs to +22%
in HICs (ESM Table 9). Prevalent cases were increased by 7%
globally, ranging from +4% in Africa to +10% in Europe and
from +3% in LICs to +9% in HICs.

Discussion

Our estimates find substantial variations in the number of both
incident and prevalent cases of type 1 diabetes between coun-
tries, country income levels and geographical areas.
Prevalence is about ten times higher in HICs vs LICs. North
America has the highest age-standardised prevalence at 4.4
per 1000 vs Asia with only 0.6 per 1000 (Table 1). These
estimates also suggest that, globally, 60% of all people with
type 1 diabetes are above 40 years of age.

The WHO has estimated that there were 422 million people
aged 18 or more years with diabetes in the year 2014. Adding our
estimates of type 1 diabetes in children under 15 years, our global
estimate of about 9 million people with type 1 diabetes represents
around 2% of the estimated total cases of diabetes [2]. Using IDF
estimates of the global diabetes burden of 425 million in people
20-79 years old in 2017 does not markedly change this propor-
tion [30]. Based on the WHO and IDF estimates and our results,

the proportion of total burden attributable to type 1 diabetes
varies considerably between populations. For example, in
China type 1 diabetes represents less than 1% of all prevalent
cases of diabetes in contrast to the UK and Finland where it is
estimated to account for 8.6% and 17%, respectively. These latter
figures are consistent with previous estimates of 8% [31] and
15% [32]. The missing numbers of cases of type 1 diabetes in
people aged 15—17 years and those with type 2 diabetes under the
age of 18 years are unlikely to be sufficiently large to affect the
above estimate of the proportion of type 1 diabetes in total diabe-
tes [33].

Two existing approaches have described the epidemiology
of type 1 diabetes. The Global Burden of Disease (GBD) study
[34] has published worldwide estimates of incident and preva-
lent cases for type 1 diabetes. For many countries, the estimates
differ substantially from our estimates, with some unusually
high estimates of numbers of prevalent cases given the estimat-
ed number of incident cases. The GBD study included ‘cases of
diabetes that are on insulin’ and could thus include people with
type 2 diabetes or gestational diabetes in addition to type 1
diabetes. Estimates from the IDF are only for children and
adolescents and, as detailed above, use data from other coun-
tries when context-specific data are lacking. Therefore, our
study is the first to more rigorously estimate the global burden
of type 1 diabetes for all ages using the standard case definition
of type 1 diabetes, taking an innovative approach.

Limitations of our approach include the possibility that the
underlying assumption of epidemiological equilibrium
(Prevalence = Incidence x Duration) may be violated because
of a global pattern of increasing incidence rates. This equilib-
rium may be further disrupted by improving prognosis of type
1 diabetes [35]. Accordingly, the estimates of prevalent
numbers of people with type 1 diabetes must be considered
as tentative. The quantification of the impact of such sources
of error requires detailed data on incidence, prevalence and
mortality of type 1 diabetes over a long period of time for
representative individual countries, however, such data are
currently lacking. This study had to address gaps in knowl-
edge by making multiple assumptions that need to be tested
further. The incidence of type 1 diabetes in children in most
LICs and LMICs is unknown and there is even greater paucity
of data on the incidence rates in different age groups and on
the mortality or life expectancy in people with type 1 diabetes.
Moreover, only few studies provide national estimates. To
address these limitations, extrapolations have been made
across countries for incidence estimates and wider extrapola-
tion of age scaling of incidence beyond 14 years of age has
been applied using data from Denmark. Twelve studies from
which estimates of incidence were derived are more than
20 years old and probably underestimate the current incidence
of type 1 diabetes. Furthermore, using CM as a ‘penalty
adjustment’ affects the estimates for LICs and LMICs in
particular, and may not capture all the differences between
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countries in survival rates of people with type 1 diabetes.
Further relevant analyses, including stratification by sex and
urban/rural residence, would require additional incidence and
mortality data, which are not currently available. Based on the
sensitivity analyses, we believe the core model represents real-
istic global estimates of the incidence and prevalence of type 1
diabetes for the year 2017 with an uncertainty interval of about
+15%.

Because of the limitations mentioned above, our results need
validation. Nevertheless, we believe that our methodological
approach may be of both scientific interest and practical use
in adding to the global knowledge of the epidemiology of type
1 diabetes. Clear gaps exist in the descriptive epidemiology of
type 1 diabetes, including how its causes affect incidence and
its survival rate influences prevalence between different regions
in the world. LICs have a particularly marked paucity of data.
This lack of data has an impact on health system and policy
responses, which are important given the deficiencies in
healthcare provision for diabetes diagnosis and management.

There are opportunities for many countries to develop
health system responses to better address the needs of people
with type 1 diabetes across all stages of the life course [36].
Currently, in both high- and low-income settings, the provi-
sion of care for type 1 diabetes is mainly centralised in hospi-
tals located in capital cities or large urban areas, and a more
decentralised approach could be considered. Some donation
programmes have addressed the challenges of managing type
1 diabetes, even in low-income settings, but more needs to be
done to ensure sustainable solutions are found [37]. As 2021
marks the centenary of the discovery of insulin, access to
insulin remains problematic in many low-income populations,
both in less developed and in more developed countries, and is
a major contributor to decreased life expectancy [17, 19].

With the global agenda focusing on the prevention of type
2 diabetes and universal health coverage, type 1 diabetes
presents national and global policy makers with a conundrum
on how to manage a complex chronic condition requiring a
medicine essential for survival, as well as a wide range of
services to reduce risk of complications that cannot necessar-
ily be provided at a primary healthcare level. In all countries
the high and rapidly increasing burden of type 2 diabetes
means that the contribution of type 1 diabetes to global diabe-
tes prevalence is lower than previously suggested [3, 38], but
the years of life lost to type 1 diabetes are disproportionately
higher than suggested by the numbers of cases. Additionally,
although much emphasis is placed on paediatric management
of type 1 diabetes, this study shows that this population,
although important, does not account for the majority of the
global burden of type 1 diabetes as 43% of total prevalent
cases of type 1 diabetes were found to be in the 40-64 years
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age group. These findings suggest that global responses
targeted at improving type 1 diabetes care should ensure these
older populations are included.

Given the global inequity in access to insulin, delivery
systems and technologies for the diagnosis, care and
management of type 1 diabetes, the global community
should consider developing appropriate responses
addressing clinical and programmatic interventions to
help improve access to insulin and organisation of care.
To do this effectively, gaps in knowledge in the epidemi-
ology of type 1 diabetes need to be addressed as
highlighted by this study.

Supplementary Information The online version contains peer-reviewed
but unedited supplementary material available at https://doi.org/10.1007/
s00125-021-05571-8.

Acknowledgements We are grateful to WHO regional focal points and
WHO staff in country offices who facilitated the country consultation.
We also thank the nominated country focal points who provided feed-
back. M. S. Lysemose from the Institute of Applied Economics and
Health Research (Copenhagen, Denmark) is thanked for technical assis-
tance with the preparation of the manuscript. M. Fadjukov from
MedEngine Oy (Helsinki, Finland) is acknowledged for the preparation
of the Graphical Abstract.

Data availability All data generated and analysed during this study are
included in this published article (and its supplementary information file).

Funding Open Access funding provided by Universit¢ de Genéve.
The study was funded by the US Centers for Disease Control and
Prevention, through grant 5 NU2GGHO001235-05-00 of the WHO-
CDC Cooperative Agreement, and by The Leona M. and Harry B.
Helmsley Charitable Trust as part of the ACCISS Study. The funders
of the study played no role in study design, data collection, data
analysis, data interpretation or writing of the report. The findings
and conclusions in this report are those of the authors and do not
necessarily represent the official position, policy or views of WHO,
the US Centers for Disease Control and Prevention nor the views of
the Helmsley Charitable Trust.

Authors’ relationships and activities The authors declare that there are
no relationships or activities that might bias, or be perceived to bias, their
work.

Contribution statement AG developed the methodological approach,
with inputs from CP, SW and GI, performed the data analysis and wrote
the first draft of the manuscript with SMH. DB and GR interpreted the
data and wrote the discussion. All authors conceived the study and
revised and approved the final manuscript. All authors had full access
to all the data in the study. AG had final responsibility for the decision to
submit for publication and is the guarantor of this study.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as


https://doi.org/10.1007/s00125-021-05571-8
https://doi.org/10.1007/s00125-021-05571-8

Diabetologia (2021) 64:2741-2750

2749

you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

12.

13.

World Health Organization (2013) Global action plan for the
prevention and control of noncommunicable diseases 2013-2020.
World Health Organization, Geneva

World Health Oragnization (2016) Global report on diabetes.
World Heath Organization, Geneva

Zimmet P, Alberti KG, Shaw J (2001) Global and societal implica-
tions of the diabetes epidemic. Nature 414(6865):782—787. https:/
doi.org/10.1038/414782a

Chen L, Magliano DJ, Zimmet PZ (2011) The worldwide epidemi-
ology of type 2 diabetes mellitus—present and future perspectives.
Nat Rev Endocrinol 8(4):228-236. https://doi.org/10.1038/nrendo.
2011.183

Patterson C, Guariguata L, Dahlquist G, Soltesz G, Ogle G, Silink
M (2014) Diabetes in the young - a global view and worldwide
estimates of numbers of children with type 1 diabetes. Diabetes
Res Clin Pract 103(2):161-175. https://doi.org/10.1016/j.diabres.
2013.11.005

Diaz-Valencia PA, Bougneres P, Valleron AJ (2015) Global epide-
miology of type 1 diabetes in young adults and adults: a systematic
review. BMC Public Health 15:255. https://doi.org/10.1186/
$12889-015-1591-y

Green A (2008) Descriptive epidemiology of type 1 diabetes in
youth: incidence, mortality, prevalence, and secular trends.
Endocr Res 33(1-2):1-15. https://doi.org/10.1080/
07435800802079924

International Diabetes Federation (2019) IDF Diabetes Atlas, 9th
edn. International Diabetes Federation, Brussels

Patterson CC, Harjutsalo V, Rosenbauer J et al (2019) Trends and
cyclical variation in the incidence of childhood type 1 diabetes in 26
European centres in the 25 year period 1989-2013: a multicentre
prospective registration study. Diabetologia 62(3):408—417. https:/
doi.org/10.1007/s00125-018-4763-3

DIAMOND Project Group (2006) Incidence and trends of child-
hood type 1 diabetes worldwide 1990-1999. Diabet Med 23(8):
857-866. https://doi.org/10.1111/j.1464-5491.2006.01925.x
Maahs DM, West NA, Lawrence JM, Mayer-Davis EJ (2010)
Epidemiology of type 1 diabetes. Endocrinol Metab Clin N Am
39(3):481-497. https://doi.org/10.1016/j.ec1.2010.05.011

Atkinson MA, Eisenbarth GS, Michels AW (2014) Type 1 diabetes.
Lancet 383(9911):69-82. https://doi.org/10.1016/S0140-6736(13)
60591-7

Patterson CC, Gyurus E, Rosenbauer J et al (2012) Trends in child-
hood type 1 diabetes incidence in Europe during 1989-2008:
evidence of non-uniformity over time in rates of increase.
Diabetologia 55(8):2142-2147. https://doi.org/10.1007/s00125-
012-2571-8

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Gale EA (2005) Type 1 diabetes in the young: the harvest of sorrow
goes on. Diabetologia 48(8):1435—1438. https://doi.org/10.1007/
s00125-005-1833-0

Livingstone SJ, Levin D, Looker HC et al (2015) Estimated life
expectancy in a Scottish cohort with type 1 diabetes, 2008-2010.
JAMA 313(1):37-44. https://doi.org/10.1001/jama.2014.16425
Rawshani A, Sattar N, Franzen S et al (2018) Excess mortality and
cardiovascular disease in young adults with type 1 diabetes in rela-
tion to age at onset: a nationwide, register-based cohort study.
Lancet 392(10146):477—-486. https://doi.org/10.1016/S0140-
6736(18)31506-X

Beran D, Yudkin JS (2006) Diabetes care in sub-Saharan Africa.
Lancet 368(9548):1689-1695. https://doi.org/10.1016/S0140-
6736(06)69704-3

Muyer MT, Buntinx F, Mapatano MA, De Clerck M, Truyers C,
Muls E (2010) Mortality of young patients with diabetes in
Kinshasa, DR Congo. Diabet Med 27(4):405-411. https://doi.org/
10.1111/5.1464-5491.2010.02961 .x

Beran D, Ewen M, Laing R (2016) Constraints and challenges in
access to insulin: a global perspective. Lancet Diabetes Endocrinol
4(3):275-285. https://doi.org/10.1016/S2213-8587(15)00521-5
Patterson CC, Karuranga S, Salpea P et al (2019) Worldwide esti-
mates of incidence, prevalence and mortality of type 1 diabetes in
children and adolescents: results from the International Diabetes
Federation Diabetes Atlas, 9th edition. Diabetes Res Clin Pract
157:107842. https://doi.org/10.1016/j.diabres.2019.107842

The WHO Multinational Project for Childhood Diabetes Group
(1991) Familial insulin-dependent diabetes mellitus (IDDM) epide-
miology: standardization of data for the DIAMOND project. Bull
World Health Organ 69(6):767-777

Gorham ED, Barrett-Connor E, Highfill-McRoy RM et al (2009)
Incidence of insulin-requiring diabetes in the US military.
Diabetologia 52(10):2087-2091. https://doi.org/10.1007/s00125-
009-1449-x

Rogers MAM, Kim C, Banerjee T, Lee JM (2017) Fluctuations in
the incidence of type 1 diabetes in the United States from 2001 to
2015: a longitudinal study. BMC Med 15(1):199. https://doi.org/
10.1186/s12916-017-0958-6

Green A, Sortso C, Jensen PB, Emneus M (2015) Incidence,
morbidity, mortality, and prevalence of diabetes in Denmark,
2000-2011: results from the Diabetes Impact Study 2013. Clin
Epidemiol 7:421-430. https://doi.org/10.2147/CLEP.S88577
United Nations Department of Economic and Social Affairs (2017)
Demography data. Available from https://esa.un.org/unpd/wpp/
Download/Standard/Population/. Accessed 25 May 2019

The World Bank (2020) World Bank Country and Lending Groups.
Available from https://datahelpdesk.worldbank.org/
knowledgebase/articles/906519-world-bank-country-and-lending-
groups. Accessed 5 Oct 2020

Weng J, Zhou Z, Guo L et al (2018) Incidence of type 1 diabetes in
China, 2010-13: population based study. BMJ 360:j5295. https:/
doi.org/10.1136/bmj.j5295

United Nations Inter-agency Group for Child Mortality Estimation
(2019) Child mortality estimates. Available from https://
childmortality.org/. Accessed 26 Nov 2019

Ahmad O, Boschi-Pinto C, Lopez A, Murray C, Lozano R, Inoue
M (2001) Age standardisation rates: a new WHO standard. World
Health Organization, Geneva

International Diabetes Federation (2017) IDF Diabetes Atlas, 8th
edn. International Diabetes Federation, Brussels

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/414782a
https://doi.org/10.1038/414782a
https://doi.org/10.1038/nrendo.2011.183
https://doi.org/10.1038/nrendo.2011.183
https://doi.org/10.1016/j.diabres.2013.11.005
https://doi.org/10.1016/j.diabres.2013.11.005
https://doi.org/10.1186/s12889-1591-
https://doi.org/10.1186/s12889-1591-
https://doi.org/10.1080/07435800802079924
https://doi.org/10.1080/07435800802079924
https://doi.org/10.1007/s00125-018-4763-3
https://doi.org/10.1007/s00125-018-4763-3
https://doi.org/10.1111/j.1464-5491.2006.01925.x
https://doi.org/10.1016/j.ecl.2010.05.011
https://doi.org/10.1016/S0140-6736(13)60591-7
https://doi.org/10.1016/S0140-6736(13)60591-7
https://doi.org/10.1007/s00125-012-2571-8
https://doi.org/10.1007/s00125-012-2571-8
https://doi.org/10.1007/s00125-005-1833-0
https://doi.org/10.1007/s00125-005-1833-0
https://doi.org/10.1001/jama.2014.16425
https://doi.org/10.1016/S0140-6736(18)31506-X
https://doi.org/10.1016/S0140-6736(18)31506-X
https://doi.org/10.1016/S0140-6736(06)69704-3
https://doi.org/10.1016/S0140-6736(06)69704-3
https://doi.org/10.1111/j.1464-5491.2010.02961.x
https://doi.org/10.1111/j.1464-5491.2010.02961.x
https://doi.org/10.1016/S2213-8587(15)00521-5
https://doi.org/10.1016/j.diabres.2019.107842
https://doi.org/10.1007/s00125-009-1449-x
https://doi.org/10.1007/s00125-009-1449-x
https://doi.org/10.1186/s12916-017-0958-6
https://doi.org/10.1186/s12916-017-0958-6
https://doi.org/10.2147/CLEP.S88577
https://esa.un.org/unpd/wpp/Download/Standard/Population/
https://esa.un.org/unpd/wpp/Download/Standard/Population/
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://doi.org/10.1136/bmj.j5295
https://doi.org/10.1136/bmj.j5295
https://childmortality.org/
https://childmortality.org/

2750

Diabetologia (2021) 64:2741-2750

31.

32.

33.

34.

Diabetes UK (2020) Facts & Figures. Available from www.
diabetes.org.uk/professionals/position-statements-reports/statistics.
Accessed 8 July 2020

The Finnish Medical Society Duodecim (2019) Current Care
Guidelines are independent, evidence-based clinical practice guide-
lines. Available from www.kaypahoito.fi. Accessed 8 July 2020
Divers J, Mayer-Davis EJ, Lawrence JM et al (2020) Trends in
incidence of type 1 and type 2 diabetes among youths - selected
counties and Indian reservations, United States, 2002-2015.
MMWR Morb Mortal Wkly Rep 69(6):161-165. https://doi.org/
10.15585/mmwr.mm6906a3

GBD 2017 Disease and Injury Incidence and Prevalence
Collaborators (2018) Global, regional, and national incidence,
prevalence, and years lived with disability for 354 diseases and
injuries for 195 countries and territories, 1990-2017: a systematic
analysis for the Global Burden of Disease Study 2017. Lancet

@ Springer

35.

36.

37.

38.

392(10159):1789—1858. https://doi.org/10.1016/S0140-6736(18)
32279-7

Gale EA (2003) Is there really an epidemic of type 2 diabetes?
Lancet 362(9383):503-504. https://doi.org/10.1016/S0140-
6736(03)14148-7

Beran D (2014) Developing a hierarchy of needs for type 1 diabe-
tes. Diabet Med 31(1):61-67. https://doi.org/10.1111/dme.12284
Hogerzeil HV, Recourt S (2019) The importance of insulin dona-
tions for children in 43 low- and middle-income countries. J Public
Health Policy 40(2):253-263. https://doi.org/10.1057/s41271-018-
00159-w

Daneman D (2006) Type 1 diabetes. Lancet 367(9513):847-858.
https://doi.org/10.1016/S0140-6736(06)68341-4

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


http://www.diabetes.org.uk/professionals/position-statements-reports/statistics
http://www.diabetes.org.uk/professionals/position-statements-reports/statistics
http://www.kaypahoito.fi
https://doi.org/10.15585/mmwr.mm6906a3
https://doi.org/10.15585/mmwr.mm6906a3
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/S0140-6736(03)14148-7
https://doi.org/10.1016/S0140-6736(03)14148-7
https://doi.org/10.1111/dme.12284
https://doi.org/10.1057/s41271-018-00159-w
https://doi.org/10.1057/s41271-018-00159-w
https://doi.org/10.1016/S0140-6736(06)68341-4

	Type 1 diabetes in 2017: global estimates of incident and prevalent cases in children and adults
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


