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BACKGROUND: Type 1 diabetes (T1D) incidence in adolescents varies widely, but has increased globally in recent years. This study
reports T1D burden among adolescents and young adults aged 10-24-year-old age group at global, regional, and national levels.
METHODS: Based on the Global Burden of Disease Study 2019, we described the burden of T1D in the 10-24-year-old age group.
We further analyzed these trends by age, sex, and the Social Development Index. Joinpoint regression analysis was used to assess
temporal trends.

RESULTS: T1D incidence among adolescents and young adults increased from 7-78 per 100,000 population (95% Ul, 5-27-10-60) in
1990 to 11-07 per 100,000 population (95% Ul, 7-42-15-34) in 2019. T1D mortality increased from 5701-19 (95% Ul, 4642-70-6444-08)
in 1990 to 6,123-:04 (95% UI, 5321-82-6887-08) in 2019, representing a 7-40% increase in mortality. The European region had the
highest T1D incidence in 2019. Middle-SDI countries exhibited the largest increase in T1D incidence between 1990 and 2019.
CONCLUSION: T1D is a growing health concern globally, and T1D burden more heavily affects countries with low SDI. Specific
measures and effective collaboration among countries with different SDIs are required to improve diabetes care in adolescents.

Pediatric Research; https://doi.org/10.1038/s41390-024-03107-5

IMPACT:

® We assessed trends in T1D incidence and burden among youth in the 10-24-year-old age group by evaluating data from the

Global Burden of Disease Study 2019.

® Our results demonstrated that global T1D incidence in this age group increased over the past 30 years, with the European

region having the highest T1D incidence.

® Specific measures and effective collaboration among countries with different SDIs are required to improve diabetes care in

adolescents.

INTRODUCTION

The increasing burden of type 1 diabetes (T1D) in adolescents and
young adults is a major healthcare concern worldwide." T1D
incidence in childhood and adolescence is steadily rising and now
stands at 22:9 new cases per year per 100,000 children up to the
age of 15 years in Germany.> T1D burden has been attributed to
rapid economic development and urbanization. The cost of
diabetes care is at least 3-2 times greater than the average per
capita healthcare expenditure, rising to 9-4 times in the presence
of complications.®> A multicenter study in the US showed that the
overall unadjusted estimated incidence rates of T1D in youths
increased by 1-4% annually from 2002 to 2012.% Thus, under-
standing the global burden of T1D in adolescents is important for
the optimal utilization of healthcare resources in different
countries.

Children are more sensitive to a lack of insulin than adults and
are at a higher risk of rapid development of diabetic ketoacidosis.
Prior studies have indicated geographic differences in T1D trends.
A multicenter prospective registration study conducted in 26

European centers reported significant increases in T1D incidence
among adolescents between 1989 and 2013.° A cross-sectional
multicenter study of 3.47 million youths (aged 19 years or
younger) in the US found a significant increase in the estimated
prevalence of T1D, from 1-48 cases per 1000 youths to 2.15 cases
per 1000 youths.” The International Diabetes Federation Atlas 10th
edition reported that T1D incidence in children and adolescents
varies widely, and is increasing in many nations.2 In our study, we
investigated the global burden and the most substantial changes
in the trend of T1D in adolescents and young adults aged 10-24
years. Many countries, particularly those with a low or middle
social development index (SDI), lack high-quality information
regarding T1D trends in adolescents. Thus, there is an urgent need
to characterize T1D burden in adolescents and provide more
information to local governments to ease this burden. The Global
Burden of Disease (GBD) Study 2019 is an international collabora-
tion that offers an opportunity to analyze disease trends on a
global scale. In this study, we aimed to analyze global trends in
T1D prevalence, incidence, disability-adjusted life-year (DALY), and
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mortality rates among adolescents across every decade since
1990, based on the latest data from GBD 2019.

METHODS

GBD 2019 provides the most up-to-date estimation of the descriptive
epidemiological data including incidence, prevalence, mortality, and
disability adjusted life years (DALY) on a total of 369 diseases and injuries
for 204 countries and territories from 1990 to 2019.° All countries and
territories were classified into 21 regions according to epidemiological
similarities, and could be grouped into six regions (African region, Eastern
Mediterranean region, European region, Region of the Americas, South-
East Asia region, and Western Pacific region) by the WHO.'® The number of
incident cases, prevalent cases, deaths, and DALYs were extracted from
GBD 2019. All disease estimated from GBD contains 95% uncertainty
intervals (Ul) for each metric, which are based on the 25th and 97.5th
values of 1000 draws of the posterior distribution. Rates in our study are
shown per 100 000 population. Details of data inputs, processing,
synthesis, and final model are available in the accompanying GBD 2019
publications.’ The GBD database had data on T1D for different age periods.
The WHO defined adolescence is the phase of life between childhood and
adulthood, from ages 10 to 19. It is a unique stage for adolescents to lay
the foundations of good health."" Thus, we defined younger adolescents
ages 10-14years as age subgroups, ages 15-19 could be defined older
adolescent, and 20 to 24 young adults."? To comprehensively describe the
global trend of T1D in the life phase of adolescents and young adults, we
defined younger adolescent (aged 10-14 years), older adolescent (aged
15-19 years), and young adults (aged 20-24 years). Data were collected
from the GBD 2019 database in three age groups (10-14 years, 15-19
years, and 20-24 years), and both sexes.

The GBD 2019 analyzed the Socio-demographic index (SDI) for each
country, which is an indicator estimated as a compositive of income per
capita, average years of schooling among adults aged 15 and older, and
fertility rate in female under 25 years old. All countries and territories were
grouped into five categories based on the SDI (low SDI, low-middle SDI,
middle SDI, high-middle SDI, and High SDI).

Analysis

We conducted comparisons between the sexes, age groups (three
intervals; 10-14, 15-19, and 20-24 years), SDI (five categories), and WHO
regions (six regions). Incidence, prevalence, death, and DALYs were
reported with 95% Ul to eliminate the effects caused by differences in
population structures. Then, we used the Joinpoint Regression Analysis to
identify the substantial changes in trends of above indicators, and we used
a maximum of 5 Joinpoints as the option of analysis. We evaluated the
incidence, prevalence, DALYs, and mortality trends in various countries and
regions based on average annual percent change (AAPC) by Joinpoint
regression analysis.'”> The Joinpoint regression model was used to
subsection describe disease trends from 1990 to 2019, and found out if
the junctions of different segments had statistically significant. Countries
with missing or zero values in their decade data were excluded from the
analysis because a Joinpoint regression could not be conducted in this
circumstance. The value of the AAPC is computed as a weighted average of
the annual percentage change (APC) values in the regression analysis. The
approximate 95% Cl for AAPC was calculated by the empirical quantile
method. We calculated the AAPCs between 1990 and 1999, between 2000
and 2009, between 2010 and 2009, and between 1990 and 2019. All
analyses were performed using RStudio software (version R-4.2.2), and
Joinpoint Regression Program (version 4.9.1.0).

RESULTS

Global burdens of T1D in adolescents and young adults
From 1990 to 2019, the incidence and prevalence of T1D in
adolescents and young adults showed an overall increasing trend
(Table 1). T1D incidence increased between 1990 and 1999 (AAPC,
0-88 [95% confidence interval (Cl), 0-86-0-91]) and rose rapidly
between 2000 and 2009 (AAPC, 1-41 [95% Cl, 1-32-1.50]). The
overall incidence rate in 1990 (7-78) cases per 100,000 population
[95% uncertainty interval (Ul), 5-27-10-60] increased to 2019 (11-07
cases per 100,000 population [95%] Ul, 7-42-15-34; AAPC, 1-22
[95% Cl, 1-18-1-27]). The overall global prevalence of T1D
increased from 2,376,444 (95%UI 1,761,701-3,073,758) in 1990 to
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Global AAPCs in prevalence, incidence, mortality, and DALYs of type 1 diabetes among adolescents and young adults aged 10-24 years.

Table 1.

DALYs

Mortality

Incidence

Prevalence

P value
<0.001
<0.001
0.70
0.32

AAPC (95%Cl)
0.66 (0.56-0.76)

P value
<0.001
<0.001
<0.001
<0.001

AAPC (95%ClI)
0.69 (0.56-0.82)

P value
<0.001
<0.001
<0.001
<0.001

AAPC (95%ClI)
0.88 (0.86-0.91)
1.41 (1.32-1.50)
1.35 (1.27-1.44)
1.22 (1.18-1.27)

P value
<0.001
<0.001
<0.001
<0.001

AAPC (95%Cl)

0.49 (0.46-0.52)
0.96 (0.94-0.97)
1.09 (1.04-1.14)
0.85 (0.82-0.87)

AAPC average annual percentage change.

1990-1999

-0.86 (-1.25 to -0.47)
-0.03 (-0.20 to 0.14)
-0.07 (-0.21 to 0.07)

-1.46 (-1.99 to —0.93)
-0.48 (-0.69 to —0.29)
-0.41 (-0.6 to -0.22)

2000-2009
2010-2019

1990-2019
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364,4613 (95%UI, 2,655,059-4,756,336) in 2019, representing a
53-36% increase over the 30-year period (Table 2). Joinpoint
regression analysis showed that the increasing trend of T1D
incidence could be divided into six periods: 1990-1994,
1994-2001, 2001-2010, 2010-2014, 2014-2017, and 2017-2019
(Fig. 1).

From 1990 to 2019, T1D mortality and DALY rates initially
exhibited an increasing trend (1990-1999), followed by a
subsequent decline (Table 3). Joinpoint regression analysis
identified a substantial change in both T1D mortality (in 2000,
2003, and 2014) and DALY (in 2000, 2003, and 2015) rates. T1D
incidence and prevalence increased significantly during the 30-
year period. The mortality rate in 2019 (0-33 deaths per 100,000
population [95% UI, 0-29-0-371) was lower than that in 1990 (0-37
deaths per 100,000 population [95% UI, 0-30-0-42]; AAPC, -0-41
[95% ClI, -0-60 to -0-22]). The global DALY rate significantly
decreased after 2000, with the most notable decline observed
between 2000 and 2003.

Global burdens of T1D in adolescents and young adults by sex
In the context of sex, among the 3,644,613 T1D cases among
adolescents and young adults globally in 2019, 1,871,433 (53-91%)
occurred in boys. Both sexes exhibited a significant increase in
T1D prevalence and incidence over the 30-year period. T1D
incidence in boys increased from 65,053-33 cases (95% U,
44,514.79-87,999-81) in 1990 to 111,120-71 cases (95% Ul,
75,271-16-153,830-34) in 2019, representing a 70-85% increase.
T1 incidence in girls increased from 55,526-95 cases (95% U,
37,333.90-75,781-23) in 1990 to 9501541 cases (95% Ul,
63,469-04-132,623-84) in 2019, representing a 71:12% increase.
In terms of T1D prevalence in boys, an increase from 1,206,677
cases (95% Ul, 891,833-4-1,571,014) in 1990 to 1,871,433 cases
(95% UI, 1,360,287-7-2,446,297) in 2019 was observed, represent-
ing a 55-09% increase. T1D prevalence in girls increased from
1,169,767 cases (95% UI, 865,724-6-1,507,234) in 1990 to 1,773,180
cases (95% Ul, 1,288,764-3-2,325,674) in 2019, representing a
51-58% increase over the three decades. While the global DALY
rate in boys increased (APCC, 0-28 [95% Cl, 0-12-0-43]), both global
mortality (APCC, -0-87 [95% Cl, -1:00—-0-74]) and DALY (-0-43 [95%
Cl, -0-57--0-28]) rates decreased among girls.

Global burdens of T1D in adolescents and young adults by
age group

T1D trends among adolescents and young adults varied according
to age. Globally, the most rapidly increasing in T1D incidence
(AAPC, 1-78 [95% Cl, 1-65-1-91]) and prevalence (AAPC, 0-96 [95%
Cl, 0:91-1-01]) over the past 30 years were observed in young
adults aged 20-24 years. Despite the increase in T1D incidence
and prevalence among all three age subgroups, mortality in all
subgroups decreased. The largest decline in the T1D mortality rate
between 1990 and 2019 was observed among older adolescents
aged 15-19 years (from 0-34 deaths per 100,000 population [95%
Ul, 0-26-0-40] to 0-29 deaths per 100,000 population [95% UI,
0-24-0-33]; AAPC, -0-64 [95% Cl, -0-88—-0-40]). While an increase in
the DALY rate was observed among young adults aged 20-24
years (from 44-25 per 100,000 population [95% Ul, 36:56-51-53] to
45.76 per 100,000 population [95% Ul, 38-:96-53-85]; AAPC, 0-14
[95% Cl, 0-04-0-24]), a decrease was observed among those aged
10-14 vyears (from 25-44 per 100,000 population [95% Ul
18-23-31.77] to 23-82 per 100,000 population [95% Ul
19-:36-29-81]; AAPC, -0-23 [95% Cl, -0-48-0-03]) and 15-19 years
(from 32:51 per 100,000 population [95% Ul, 24-95-38-91] to 30-70
per 100,000 population [95% UlI, 25-08-37-55]; AAPC, -0-22 [95% Cl,
-0-39--0-04]) between 1990 and 2019.

Global burdens of T1D in adolescents and young adults by SDI

T1D burden among adolescents and young adults differed
substantially according to the SDI. Countries with high SDI had
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the highest T1D prevalence (431-32 cases per 100,000 population
[95% Ul, 33-33-537-30]; AAPC, 070 [95% CI, 0-65-0-74]) and
incidence (21-53 cases per 100,000 population [95% UI,
14.55-29-53]; AAPC, 1-25 [95% Cl, 1-17-1-33]) rates in 2019, but
the lowest mortality rate (0-16 deaths per 100,000 population
[95% Ul, 0-14-0-16]; AAPC, -0-66 [95% Cl, -0-93—-0-40]). Notably,
countries with a middle SDI had the lowest T1D prevalence
(151-29 cases per 100,000 population [95% Ul, 108:62-201-91];
AAPC, 1-52 [95% Cl, 1-48-1-55]) and incidence (8-58 per 100,000
population [95% Ul, 5:73-11-95]; AAPC, 1-79 [95% Cl, 1-74-1-84])
rates in 2019. Countries with a low SDI had the highest mortality
(0-44 deaths per 100,000 population [95% Ul, 0-36-0-52]; AAPC,
-041 [95% ClI, -0-55--0-28]) and DALY (3973 per 100,000
population [95% UI, 32:90-47-47]; AAPC, -0-27 [95% Cl, -0-38—-
0-15]) rates in 2019. Over the past 30 years, both T1D prevalence
and incidence increased across all SDI quintiles, whereas mortality
rates decreased. All countries exhibited a reduction in the DALY
rate from 1990 to 2019, with the exception of those countries
categorized in the high SDI quintile group.

Regional and national burdens of T1D in adolescents and
young adults

When classified according to World Health Organization (WHO)
regions, the European region exhibited the most rapid increase in
T1D incidence rate of T1D for adolescents and young adults
between 1990 and 2019 (from 11-18 cases per 100,000 population
[95% UI, 8-24-14-52] to 18-80 cases per 100,000 population [95%
Ul, 12:54-25.90]; AAPC, 1-81 [95% ClI, 1-76-1-86]). The highest
mortality rate in 2019 was observed in the Eastern Mediterranean
region (0-43 deaths per 100,000 population [95% Ul, 0-34-0-53]),
followed by the African region (0-40 deaths per 100,000
population [95% UI, 0-33-0-48]). The Western Pacific region
showed the lowest incidence (5-47 cases per 100,000 population
[95% Ul, 3-59-7-63]), prevalence (11994 cases per 100,000
population [95% Ul, 89-10-154-33]), mortality (0-18 deaths per
100,000 population [95% Ul, 0-16-0-20]), and DALY (24-61 per
100,000 population [95% UIl, 20-83-28-77]) rates in 2019. The
African region exhibited a modest increase in T1D incidence rate
(from 10-05 cases per 100,000 population [95% UI, 6:73-13-93] to
10-60 cases per 100,000 population [95% UI, 7-07-14-87]; AAPC,
0-18 [95% Cl, 0-17-0-20]) and prevalence (from 151-65 cases per
100,000 population [95% Ul, 106-87-204-70] to 160-79 cases per
100,000 population [95% UI, 113-36-217-61]; AAPC, 0-20 [95% Cl,
0-20-0-21]) rates between 1990 and 2019.

At the national level, Finland had the highest T1D incidence rate
among adolescents and young adults in 2019 (32-56 cases per
100,000 population [95% UIl, 22-41-44-59]; AAPC, -0-37 [95% Cl,
-0-78-0-04]), followed by Canada (31-89 cases per 100,000
population [95% Ul, 21-83-44-01]; AAPC, 036 [95% Cl,
0-20-0-53]) (Fig. 2, Supplementary Tables 1-2). The Solomon
Islands (1-20 deaths per 100,000 population [95% Ul, 0-77-1-73];
AAPC, 0-75 [95% Cl, 0-47-1-03]) had the highest mortality rate in
2019, followed by Turkmenistan (1-15 deaths per 100,000
population [95% UI, 0-90-1-45]; AAPC, 2-12 [95% Cl, 1-21-3-03])
(Supplementary Table 3). Despite the declining trend in the global
DALY rate due to T1D, rates remained high in countries with a low
SDI; Turkmenistan had the highest DALY rate in 2019 (AAPC, 1-95
[95% CI, 1-17-2-73]), followed by Haiti (87-44 per 100,000
population [95% Ul, 57:16-119-46]) (Supplementary Table 4).

DISCUSSION

This study provided an updated and comprehensive evaluation of
global, regional, and national T1D burden among adolescents and
young adults aged 10-24 years old, based on data from the GBD
Study 2019. Diabetes is the third most common disease in
children and adolescents aged <18 years.'* Our study documen-
ted 206,136 new cases among young adult and adolescents
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Fig. 1 Global trends in T1ID among adolescents by Joinpoint regression analysis (1990-2019). Joinpoint regression analysis of global T1D
prevalence (a), incidence (b), mortality (c), and DALYs (d) in adolescents and young adults aged 10-24 years from 1990 to 2019. DALY
disability-adjusted life year, AAPC average annual percentage change, APC annual percentage change.

worldwide in 2019, which led to 6123 deaths. In addition to
systemic complications, T1D also has long-term effects on health-
related quality of life and psychosocial functioning.'>'® Previous
studies have shown that the global T1D mortality rate among
adolescents has decreased with improvements in diagnosis and
treatment planning.'” While we observed an overall decrease in
global T1D mortality rate among adolescents between 1990 and
2019 (AAPC, -0-41 [95% Cl, -0-60--0-22]), there was also an
increase between 1990 and 1999 (AAPC, 0-69 [95% Cl, 0-56-0-82]).
Our findings provide further insight into the global burden of the
T1D epidemic among adolescents and young adults and highlight
the need for government action to improve diabetes manage-
ment for this age group.

Notably, our use of the SDI demonstrated a close association
between T1D burden and socioeconomic development.'® Inade-
quate T1D diagnosis and treatment are likely to be major
contributors to early mortality, especially in low-SDI countries."®
Our study showed that adolescents in countries with a greater SDI
exhibited higher T1D incidence and prevalence rates in 2019,
whereas middle-SDI countries had the lowest incidence and
prevalence rates. Prior studies have shown that low socio-
economic status is associated with higher mortality and morbidity
in adults with T1D, even in those who are capable of accessing a

Pediatric Research

universal healthcare system.?® Similarly, our results indicated that
the T1D mortality rate among individuals aged 10-24 years was
highest in low-SDI countries. We also found that countries with a
low SDI had the highest DALY rate, despite a global declining
trend among adolescents between 1990 and 2019.

Previous studies have attributed geographic differences in T1D
prevalence and clinical characteristics to inherent variations
among ethnic groups and migration between countries.?’ Our
results showed that European countries had the highest T1D
incidence among adolescents in 2019, whereas countries in the
Western Pacific region had the lowest incidence. Prior studies
have also found that T1D incidence among children aged 0-14
years differs between Nordic countries and their neighboring
countries and that this may be related to differences in population
density.?? A study that examined T1D incidence and trends in the
15-39-year-old age group between 1992 and 1996 in Finland
concluded that the risk of T1D extended into young adulthood.”®

Nonetheless, we observed that adolescents with T1D in low-SDI
or developing countries tended to have higher mortality and
DALY rates, which may have been due to a lack of financial
support and poor diabetes management. Our results showed that
the Solomon Islands had the highest T1D mortality rate in 2019,
followed by Turkmenistan and Guyana. Diabetes is currently the
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fourth-leading cause of death in Guyana, South America.®*
Multiple risk factors have been implicated in the increasing
incidence of T1D among adolescents.?® Environmental factors,
including childhood obesity, chronic viral infections, and
maternal-child interactions, have been considered to be respon-
sible for the current evolving pattern of T1D incidence.?® Previous
studies have reported that adversities during childhood may
increase the risk of T1D through hyperactivation of the stress
response system, especially in individuals exposed to increasing
annual rates of childhood adversities.?’”

There is strong evidence that sex plays an important role in
T1D incidence among adolescents and young adults. Previous
studies have shown that T1D incidence among children is higher
in males than in females.?® A Finnish study that analyzed 3,277
children (<10 years old) diagnosed with T1D reported that boys
more often had insulin autoantibody-initiated autoimmunity,
whereas glutamic acid decarboxylase-initiated autoimmunity
was observed more frequently in girls.® In our study, the AAPC
among females showed a declining trend compared to males,
thus indicating that more attention should be paid to diabetes
care for young males.

We found that age was an important factor affecting differences
in the burden of T1D among adolescents and young adults. A US
study estimating the total number of youth aged under 20 years
with diabetes reported that T1D prevalence increased with age.°
Analysis of a national registry that included 505 hospitals in China
found that the peak incidence per 100,000 person-years occurred
in the 10-14-year-old age group.>' Consistent with previous
studies, we observed that younger adolescents aged 10-14 years
had the highest T1D incidence rate in 2019; the prevalence rate in
young adults aged 20-24 years was 246-79 cases per 100,000
population, nearly twice that of younger adolescents aged 10-14
years (143-19 cases per 100,000 population). Notably, the mortality
rate of T1D in 2019 among young adults was 0-49 deaths per
100,000 population, more than double that of those aged 10-14
years (0-22 deaths per 100,000 population). This is pertinent, as
managing T1D in adolescents is challenging from both medical
and psychosocial perspectives, due to the vulnerable period
during which parental caretaking is normative and adolescent
behavior is unpredictable.?

Compared with a previous GBD study that analyzed diabetes
burden,**** we provided a more comprehensive and specific
analysis of T1D among adolescents and young adults aged
10-24 years and identified the most prominent changes in
global trends by using Joinpoint regression analysis. Never-
theless, our study had several limitations. First, our results were
based on the GBD Study 2019, which collected data from 1990
to 2019 and included countries with large boundaries. This may
have been a source of significant variation in our results. Second,
the determination of T1D burden in the GBD Study 2019 may
have been affected by the detection method used, screening
quality, and availability of local medical resources. Thus, T1D
burden in countries with a low SDI tended to be under-
estimated, which could have introduced bias into our results.
Third, while ethnic factors have been reported to affect the
distribution of T1D among adolescents, these parameters were
not evaluated in the GBD Study 2019.

CONCLUSION

T1D among adolescents and young adults is a growing global
health problem, especially in countries with a low SDI and less
well-developed economy. The global burden of T1D among
adolescents is substantial, although mortality and DALY rates have
declined over the past 30 years due to advances in healthcare. As
the incidence and severity of T1D among adolescents and young
adults are still increasing, there is an urgent need for the
implementation of lifestyle modification programs in childhood.
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Fig.2 Global trends in T1D among adolescents
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in 204 countries and territories. Global map of 2019 prevalence (a), incidence (b), deaths (c),

and DALYs (d) of TID among adolescents from 1990 to 2019. DALY disability-adjusted life year.
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