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Objectives: As little is known about the burden of type 1 (T1DM) and type 2 diabetes
(T2DM) in adolescents in Western Europe (WE), we aimed to explore their epidemiology
among 10–24 year-olds.

Methods: Estimates were retrieved from the Global Burden of Diseases Study (GBD)
2019. We reported counts, rates per 100,000 population, and percentage changes from
1990 to 2019 for prevalence, incidence and years lived with disability (YLDs) of T1DM and
T2DM, and the burden of T2DM in YLDs attributable to high body mass index (HBMI), for
24 WE countries.

Results: In 2019, prevalence and disability estimates were higher for T1DM than T2DM
among 10–24 years old adolescents in WE. However, T2DM showed a greater increase
in prevalence and disability than T1DM in the 30 years observation period in all WE
countries. Prevalence increased with age, while only minor differences were observed
between sexes.
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Conclusion: Our findings highlight the substantial burden posed by DM in WE among
adolescents. Health system responses are needed for transition services, data collection
systems, education, and obesity prevention.
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INTRODUCTION

Diabetes mellitus (DM) is a major global public health issue as it
imposes a heavy burden on mortality and disability, as well as on
socio-economic development [1]. DM is one of five priority non-
communicable diseases (NCDs) targeted in the 2011 Political
Declaration on the Prevention and Control of NCDs [2]. The
Sustainable Development Goals (SDGs) also include a target to
reduce the proportion of premature deaths due to NCDs,
including DM, by one third by 2030, with new commitments
made at the 74thWorld Health Assembly [3] to strengthen efforts
around prevention and control, as well as a set of global targets for
diabetes coverage. In 2021, approximately 537 million people had
diabetes worldwide, a number which is estimated to rise to
700 million by 2045 [4]. Type 1 Diabetes Mellitus (T1DM) is
one of the most common endocrine and metabolic conditions in
childhood and adolescence. The European Region has the highest
number of children and adolescents living with T1DM compared
to any other global region, reaching about 295,000 in total [4].
Wide variation in incidence of T1DM in children younger than
15 years is described by registry reports from the EURODIAB
study group within Europe [5], which also indicated an overall
pooled rate of annual increases of 3.4% (95% Confidence interval
2.8%–3.9%).

Until recently, type 2 Diabetes Mellitus (T2DM) was referred
to as “adult-onset diabetes,” reflecting it as a disorder of ageing.
Yet its prevalence is also increasing in children and adolescents,
albeit highly variable among countries. According to the
literature, the incidence of T2DM between the ages of 10 and
19 years in the United States was 12.5 cases per 100,000 in
2011–2012, while in the United Kingdom and other European
countries, its incidence has been much lower, at <1 case per
100,000 [6], although higher in specific ethnic minorities. In 2018,
across the European Union (EU), almost one in five 15 year-olds
was either overweight or obese [7]. The rise in prevalence of
overweight or obesity [8], which are major risk factors for T2DM,
is thought to have contributed to rising rates of T2DM in
adolescents [9]. Indeed, screening studies have reported the
prevalence of T2DM of 0.4% up to 1% in obese
adolescents ≥12 years [10]. The rise of T2DM among
adolescents is a major public health concern, as earlier onset
of DM implies a longer lifetime exposure to hyperglycaemia, and
a consequent larger predisposition to long-term complications
(e.g., renal failure, cardiovascular morbidity, retinopathy,
neuropathy), premature death, and poor quality of life [11].

To our knowledge, despite the available population studies, no
comprehensive analysis is yet available in Europe on both types of
DM, and reliable data on adolescents are still sparse [12]. Indeed,
considering their effects on health and quality of life, and the
substantial direct and indirect economic burden [12],

investigation of the burden of T1DM and T2DM in
adolescents in European countries is overdue. In this regard,
Western Europe is an important sub-region to explore the burden
and epidemiological trends of T1DM and T2DM among
adolescents, given the considerable epidemiological similarities
and homogeneity among countries. Given the inconsistency and
sparsity in data collection systems and the major data gaps for
adolescents [4], we used estimates provided by the Global Burden
of Diseases, Injuries, and Risk Factors study 2019 (GBD 2019) to:
1) describe the prevalence, incidence, and disability burden of
T1DM and T2DM among 10–24 year old adolescents by age, sex,
and country in 2019; 2) assess the disease burden of T1DM and
T2DM through temporal trends using prevalence, incidence and
years lived with disability (YLDs), from 1990 to 2019 at sub-
regional level and national level; 3) estimate the burden of T2DM
in YLDs attributable to high body mass index (HBMI).

METHODS

This study adopted the broad age definition for adolescence from
10 to 24 years because it accurately captures the biological, social,
and neurocognitive development of this population [13].
Additionally, it used the GBD 2019 country grouping for
Western Europe, which comprised 24 countries, including
Israel, that were grouped based on epidemiological similarities
and/or geographical proximity.

GBD Overview
The GBD 2019 generated estimates using 86,249 sources, and
produced estimates of incidence, prevalence, mortality, YLD,
Years of Life Lost (YLLs), Disability-adjusted life years
(DALYs), life expectancy, and health-adjusted life expectancy.
It complies with the Guidelines for Accurate and Transparent
Health Estimates Reporting statement [14]. For most diseases and
injuries, data are modelled using three main standardised tools
[Cause of Death Ensemble model (CODEm), spatiotemporal
Gaussian process regression (ST-GPR), and Disease
Modelling-Meta regression (DisMod-MR)] to produce
estimates of each quantity of interest by age, sex, location, and
year [15], accompanied by the relative 95% Uncertainty Intervals
(UIs). These represent the 25th and 975th ordered estimates of
1,000 draw estimates of the posterior distribution [15]. Methods
for the GBD 2019 estimates are described in detail in the capstone
papers and appendices [15, 16]. The GBD 2019 cycle provides a
complete set of comparable health measures for 204 countries,
with a comprehensive and systematic analysis of 286 causes of
death, 369 causes of disease and injury, and 87 risks factors. The
GBD 2019 cause-list is composed of a four-level hierarchy, with
each level comprising mutually exclusive and collectively
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exhaustive causes. T1DM and T2DM are included in the level
4 hierarchy under the non-communicable diseases (NCDs) level
1 group. Their definitions are reported in capstones papers,
appendices [15, 16] and can be publicly retrieved at [17]. GBD
2019 assumes that all DM under 15 years of age is T1DM. The
estimates are modelled based on systematic reviews of published
and unpublished documents, survey microdata, administrative
records of health encounters, diabetes registries, and disease
surveillance systems whose references are freely available on
the Global Health Data Exchange website [18]. For non-fatal
health outcome related to DM inWestern Europe, the Data Input
Sources Tool reports 30,303 total source metadata rows from
303 citations.

Data Analysis
T1DM and T2DM estimates for incidence, prevalence, YLDs
were extracted from the Global Health Data Exchange website
(http://ghdx.healthdata.org). YLDs is a metric estimated by
multiplying the prevalence counts with the disability weight
for a given disease or injury; for T1DM and T2DM, YLDs are
estimated by assigning disability weights to specific health states
within the T1DM and T2DM conditions, proportionally to their
prevalence [15, 16]. As the age (10–24 years old) and location
(Western Europe) of the study population mortality rate
estimates was 0.09 per 100,000 population, we primarily
focused on non-fatal burden. Estimates were retrieved for
24 Western European countries, from 1990 to 2019, for
10–24 year-olds, as this expanded age definition may facilitate
extended investments in different settings.

Estimates, accompanied by 95% UI, were extracted for males
and females separately and jointly, and for three age groups
[10–14 years (younger adolescents); 15–19 years (older
adolescents); 20–24 years (young adults)] [14]. The Western
European countries included were: Andorra, Austria, Belgium,
Cyprus, Denmark, Finland, France, Germany, Greece, Iceland,
Ireland, Israel, Italy, Luxembourg, Malta, Monaco, Netherlands,
Norway, Portugal, San Marino, Spain, Sweden, Switzerland, and
the United Kingdom (UK). We analysed prevalence, incidence
and YLD rates for T1DM and T2DM, by time (1990–2019),
country, age-groups, and sex. We also reported the proportion of
T2DM YLD rate attributed to HBMI, by sex, 30 years period and
country. As the population attributable fraction (PAF) for risk
factor and disease pairs are exclusively calculated for ages where
both the risk and the disease are estimated, the PAF attributed to
HBMI has only been calculated for 20–24 year-olds [16]. We
considered estimates to be significantly different by determining
whether the 95% UIs overlapped. Data were analysed and
visualisations prepared in Tableau 2021.4.16.

RESULTS

In 2019, there were 320,237 (95% UI 234,473–408,257)
adolescents aged 10–24 years old in the 24 Western European
countries with T1DM, and 227,299 (130,968–345,987) with
T2DM. Age groups disaggregation are reported in
Supplementary Tables S1, S2.

Prevalence of T1DM and T2DM
In 2019, as shown in Supplementary Figure S1, T1DMwas more
prevalent in adolescents than T2DM; T1DM accounted for
447.4 per 100,000 population (327.6–570.3) while T2DM
accounted for 317.5 (183.0–483.3) (Supplementary Table S2).
In 2019, an increase in prevalence rates was observed in relation
to age, but this was significantly higher in T2DM than T1DM
[T2DM: 141.7 (35.8–303.0) 15–19 years old; 791.1 (480.9–1143.8)
20–24 years old] (Supplementary Figure S2). No differences
were observed by sex (Supplementary Table S2;
Supplementary Figure S2).

From 1990 to 2019, a greater increase was seen in the
prevalence rate of T2DM [122.9% (90.8–177.5)] than of
T1DM, although this has also increased over the past 30 years
[57.0% (40.1–72.4)] (Table 1). In 2019, Finland was the country
with the highest prevalence rate of T1DM in adolescents [542.7
(402.9–681.0)] while Israel had the lowest prevalence [268.6
(244.6–298.1)] (Table 1; Figure 1). In two countries (Cyprus
and France), an increase in percentage change of more than 100%
was observed for the prevalence rate of T1DM from 1990 to 2019.
For T2DM, eight countries had a percentage change increased in
prevalence of more than 100% over this period. Finland and Israel
showed a decrease in the percentage change for T1DM [−19.0%
(−39.4 to 1.2) and −4.2 (−25.5 to 34.2) respectively] from 1990 to
2019, and a steady increase of more than 200% for T2DM, while
Sweden had more modest changes in prevalence rate for both
T1DM and T2DM (Table 1).

Incidence of T1DM and T2DM
In 2019, T2DM incidence rates per 100,000 population among
10–24 years old in Western Europe was 3.5 times higher than
T1DM [87.2 (60.3–120.2) T2DM; 24.9 (16.7–34.4) T1DM]
(Supplementary Table S2). Differences among age groups
and sex are reported in Supplementary Table S2 and
Supplementary Figure S3. In 2019, there was a higher
incidence of T1DM among 10–14 year-olds than older age
groups. While it was slightly higher in males, sex differences
were minor for T1DM. Although 15–19 year-old females had
a higher incidence rate than males for T2DM, overall, the
highest incidence was observed in 20–24 year-olds and in
males (Supplementary Figure S3). Marked variability in
incidence rate by country was observed in T2DM with a 5-
fold difference in incidence rate between the highest {UK
[180.2 (129.2–243.0)]} and the lowest country {France [36.0
(22.1–53.1)]} (Supplementary Table S3). In contrast, there
was less variability between Western European countries
around the incidence rate of T1DM, with around a 2-fold
difference between countries having the highest {Finland
[32.6 (22.4–44.6)]} and lowest incidence {Israel [16.6
(14.7–18.8)]} (Supplementary Table S3 and
Supplementary Figure S4). In all 24 countries, there was a
greater incidence of T2DM than T1DM (Supplementary
Figure S4). For T2DM, there was a significantly higher
incidence rate in the UK compared to the Western Europe
sub-region; the lowest incidence was in France. From 1990 to
2019 the incidence rate of T2DM increased by 158.3%
(134.6–191.0), while for T1DM it increased by 75.5%
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TABLE 1 | Type 1 Diabetes Mellitus and Type 2 Diabetes Mellitus prevalence rate per 100,000 population (uncertainty intervals), in adolescents aged 10–24 years, inWestern Europe and by countries, in 1990 and 2019, and
percentage of change from 1990 to 2019 (uncertainty intervals) (Global Burden of Disease Study, 24 Western Europe countries, 1990–2019).

Location T1DM Percentage change (1990–2019) (%) T2DM Percentage change (1990–2019) (%)

1990 2019 1990 2019

Rate 95% UI Rate 95% UI % 95% UI Rate 95% UI Rate 95% UI % 95% UI

Western Europe 288.9 230.8 353.8 447.4 327.6 570.3 57.0 40.1% 72.4% 144.4 75.9 229.0 317.5 183.0 483.3 122.9 90.8% 177.5%
Andorra 295.9 212.8 397.1 473.5 344.1 601.4 61.1 36.0% 75.9% 126.6 40.2 235.0 203.7 91.6 348.5 61.9 18.1% 191.8%
Austria 237.7 183.6 306.4 448.5 329.0 575.1 89.8 57.7% 123.3% 58.4 14.4 107.8 104.3 19.9 206.6 79.6 −28.2% 230.8%
Belgium 256.3 192.1 338.2 431.8 315.9 552.5 69.5 44.4% 90.5% 117.2 46.0 202.6 198.8 88.2 335.4 70.6 18.6% 157.3%
Cyprus 229.0 185.3 286.0 459.7 334.3 586.4 100.9 65.0% 135.5% 88.4 41.4 142.7 178.4 67.8 307.6 101.8 19.3% 197.7%
Denmark 289.1 215.6 387.5 452.9 334.3 574.9 57.6 35.4% 76.8% 128.1 47.9 226.7 210.0 95.7 352.8 64.9 18.2% 166.2%
Finland 674.0 647.9 701.9 542.7 402.9 681.0 −19.0 −39.4% 1.2% 123.0 47.2 225.8 471.0 267.4 698.5 285.4 163.6% 624.7%
France 185.8 157.2 221.5 424.7 307.6 552.6 134.5 86.6% 182.1% 35.3 12.3 61.1 54.6 3.7 121.0 58.6 −78.8% 186.0%
Germany 245.8 194.6 303.8 438.8 318.8 564.9 80.5 43.4% 123.8% 275.6 174.1 389.9 456.8 268.5 664.0 67.5 26.4% 108.9%
Greece 225.4 174.3 292.6 435.6 315.7 559.2 99.5 66.8% 132.5% 96.0 41.4 169.1 227.5 108.0 373.2 144.6 63.9% 266.0%
Iceland 264.6 190.0 355.9 418.4 303.5 536.3 59.5 34.7% 75.4% 119.6 43.1 209.8 263.4 139.0 416.1 122.0 68.4% 302.9%
Ireland 255.1 205.7 315.4 469.4 342.4 593.1 85.5 55.9% 115.3% 93.0 29.8 167.0 142.2 54.7 260.4 54.1 −6.3% 176.7%
Israel 284.0 197.7 378.6 268.6 244.6 298.1 −4.2 −25.5% 34.2% 70.9 20.7 146.1 217.6 140.4 312.4 210.7 62.2% 757.2%
Italy 409.7 297.4 529.6 475.0 347.6 609.8 17.2 8.8% 24.4% 84.8 19.8 190.4 169.4 61.9 324.6 102.0 60.3% 264.7%
Luxembourg 275.8 205.0 363.4 449.0 328.4 574.3 64.3 43.1% 82.0% 152.5 68.1 262.6 215.5 97.8 358.2 42.7 −2.5% 109.0%
Malta 296.9 215.2 398.4 488.3 357.6 618.6 64.1 40.1% 80.5% 235.5 123.8 362.3 331.9 179.1 517.1 40.6 5.2% 90.7%
Monaco 302.9 220.1 399.5 461.7 334.5 586.7 53.5 31.0% 67.5% 146.0 52.8 257.5 229.2 104.9 380.1 58.1 20.1% 172.5%
Netherlands 274.7 211.6 354.9 447.6 330.0 574.1 63.4 41.1% 86.9% 85.3 27.0 160.9 151.4 54.7 270.1 78.1 8.6% 231.0%
Norway 425.7 309.8 541.8 489.5 357.6 630.9 15.0 4.3% 24.4% 232.3 95.7 406.6 309.7 144.5 508.2 33.3 15.9% 63.5%
Portugal 270.3 204.0 353.1 466.2 341.2 599.9 73.0 47.9% 98.0% 220.4 117.3 341.5 340.9 173.8 531.8 55.1 9.5% 114.0%
San Marino 291.9 210.2 389.9 459.4 334.3 584.0 58.0 34.5% 73.1% 133.4 44.1 245.0 230.9 109.5 388.0 73.7 27.1% 207.9%
Spain 277.8 243.0 315.6 478.9 346.9 611.6 75.9 37.2% 112.5% 93.1 46.1 152.2 247.9 119.7 415.8 171.6 83.4% 318.2%
Sweden 456.7 337.0 584.9 462.5 336.9 596.5 2.5 −3.8% 9.5% 148.9 32.5 302.3 196.1 72.6 367.8 33.3 −3.4% 162.9%
Switzerland 300.8 218.7 405.1 473.6 347.0 604.2 58.9 35.1% 72.1% 115.0 27.4 216.8 187.9 83.4 325.4 64.9 19.1% 230.0%
United Kingdom 305.3 232.4 392.0 456.3 327.0 591.9 50.8 31.0% 67.5% 239.5 116.6 391.3 751.0 501.2 1,063.3 216.4 151.4% 371.3%

Abbreviation: T1DM, Type 1 diabetes mellitus; T2DM, Type 2 diabetes mellitus; 95% UI, 95% uncertainty interval.
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FIGURE 1 | Prevalence rate per 100,000 population (uncertainty intervals), both sexes, 10–24 years old, in 2019, by country: Type 1 Diabetes Mellitus (Panel (A));
Type 2 Diabetes Mellitus (Panel (B)). Abbreviations: T1DM, diabetes mellitus type 1; T2DM, diabetes mellitus type 2; UK, United Kingdom. Legend: T1DM T2DM
(Global Burden of Disease Study, 24 Western Europe countries, 2019).
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(47.3–100.5) (Supplementary Table S3). Over the past
30 years, six countries (Austria, Cyprus, France, Germany,
Greece, Portugal) had a percentage change in the incidence of
T1DM of more than 100%; half of these countries had a
change of more than 150%. Finland was the only country
where a reduction in incidence of T1DM was observed over
this period [−7.5% (−35.8 to 25.3)] (Supplementary Table
S3). For T2DM, 21 countries had a percentage change in
incidence of more than 100% over the past 30 years. The

lowest percentage change was observed in Norway [42.2%
(34.9–54.8)] (Supplementary Table S3).

Years Lived With Disabilities for T1DM
and T2DM
In 2019, T1DM imposed a slightly higher YLD rate [22.7
(13.7–35.0)] among adolescents than T2DM [16.4 (7.9–28.5)].
In 2019, while an increase with age of YLDs was observed in both

FIGURE 2 | Years lived with disability rate per 100,000 (uncertainty intervals) of Type 1 Diabetes Mellitus and Type 2 Diabetes Mellitus, in 2019, by sex and age.
Type 1 Diabetes Mellitus (Panel A); Type 1 Diabetes Mellitus (Panel B). (Global Burden of Disease Study, Western Europe region, 2019).
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T1DM and T2DM, differences by sex in YLD rates were minor
(Figure 2). For T2DM, YLDs rate was slightly higher in
15–19 year-olds and 20–24 year-old females and significantly
different in the two age groups (Supplementary Table S2 and
Figure 2). Apart from the United Kingdom and Germany,
Western European countries had a higher rate of YLDs for
T1DM than for T2DM (Supplementary Figure S5). The highest
YLD rates for T1DM were in Finland and the lowest in Israel
(Table 2). For T2DM, the highest YLD rate was reported in the UK
and Finland and the lowest in France (Supplementary Figure S5
and Table 2). From 1990 to 2019, YLD rates for T1DM had
increased by 56.3% (38.7–72.8). The greatest increases in YLD
rates for T1DM were observed in France [135.9% (80.8–200.7)],
while the lowest were in Finland [−18.7% (-39.5 to 3.6)] (Table 2).
For T2DM, a greater change over the 30 year period was observed
[123.0% (88.9–181.4)]. Seven countries (Finland, Greece, Iceland,
Israel, Italy, Spain, and UK) experienced a percentage change of
more than 100%, of which three (Finland, Israel, and UK) reported a
percentage change of more than 200% (Table 2).

YLDs Attributed Risk Factors
In 2019, HBMI accounted for 28.8 (12.6–54.9) of the attributable
YLD rates per 100,000 population for T2DM among adolescents
aged 20–24 years in Western Europe. No differences were
observed by sex in Western Europe, but the YLD rate was
slightly higher in females [female 31.0 (13.6–58.8); male 26.8

(11.6–52.7)]. Variation among countries was observed. The UK
had the highest attributable YLD rate for HBMI 66.8 (32.4–117.5)
and France had the lowest at 6.6 (0.4–17.3). UK, Finland, and
Germany reported a higher YLD rate compared to the Western
Europe sub-region. Significant differences among countries were
observed between UK (highest) and France, Austria, Cyprus, and
Italy (Figure 3). All countries, except for UK, Norway and Italy
reported higher YLDs rate attributed to HBMI among females
(Supplementary Figure S6). From 1990 to 2019, an increase in
YLDs attributable to HBMI of 271.9% (180.6–536.8) was
observed in Western Europe among 20–24 year-olds and in
both sexes (Figure 3), with the highest increase reported in
Finland [435.6% (218.3–1382.6)]. Only one country (Norway)
had increased less than 100% (Supplementary Table S4).

DISCUSSION

This study is the first systematic analysis of the incidence,
prevalence, and disability burden of both types of DM among
adolescents in Western Europe using GBD 2019 estimates.
Overall, our findings highlight the increase in incidence,
prevalence, and disability burden of T1DM and T2DM. All
24 countries reported a rising trend of the three measures in
T2DM over the 30 years from 1990 to 2019. This was very similar
for T1DM, in that 22 of 24 countries reported increases in

TABLE 2 | Type 1 Diabetes Mellitus and Type 2 Diabetes Mellitus years lived with disability rate per 100,000 population (uncertainty intervals), in adolescents aged
10–24 years, in Western Europe and by countries, in 1990 and 2019, and percentage of change from 1990 to 2019 (uncertainty intervals) (Global Burden of Disease
Study, 24 Western Europe countries, 1990–2019).

Location T1DM Percentage of
change (%)

T2DM Percentage of
change (%)1990 2019 1990 2019

Rate 95% UI Rate 95% UI % 95% UI Rate 95% UI Rate 95% UI % 95% UI

Western Europe 14.7 9.2 22.2 22.7 13.7 35.0 56.3 38.7% 72.8% 7.5 3.3 13.6 16.4 7.9 28.5 123.0 88.9% 181.4%
Andorra 15.1 9.0 24.1 24.1 14.4 38.0 60.9 31.0% 92.1% 6.6 1.7 13.9 10.7 4.1 21.0 63.4 10.2% 214.2%
Austria 12.4 7.3 19.0 23.4 14.1 36.1 90.3 50.0% 138.1% 3.1 0.7 6.8 5.6 1.0 12.5 80.7 −27.2% 284.1%
Belgium 13.4 7.9 21.6 22.6 13.7 35.5 66.5 34.2% 101.6% 6.4 2.3 12.7 10.8 4.2 21.2 68.6 12.3% 175.9%
Cyprus 11.7 7.2 17.6 23.5 14.3 36.3 95.9 52.1% 143.6% 4.6 1.8 8.9 9.3 3.0 18.9 95.4 12.8% 214.5%
Denmark 14.5 8.7 22.6 22.6 13.4 34.9 58.4 30.6% 90.7% 6.5 2.1 13.1 10.7 4.1 20.6 67.6 14.5% 183.0%
Finland 34.4 22.3 50.2 27.6 16.9 42.4 −18.7 −39.5% 3.6% 6.4 2.0 13.0 24.5 11.9 42.3 285.5 148.6% 680.1%
France 9.3 5.8 14.3 21.2 12.6 33.0 135.9 80.8% 200.7% 1.8 0.5 3.6 2.8 0.2 7.5 61.5 −77.9% 241.3%
Germany 12.4 7.7 19.2 22.0 12.9 34.5 77.8 33.9% 131.9% 14.0 7.3 23.6 23.4 11.8 39.9 66.2 20.3% 119.9%
Greece 11.7 7.1 18.0 22.6 13.5 35.1 90.4 48.7% 138.7% 5.2 1.9 10.4 12.3 4.6 23.3 135.0 51.2% 288.6%
Iceland 13.5 7.9 21.3 21.3 12.6 33.2 57.0 27.6% 88.8% 6.2 1.9 12.1 13.8 6.0 24.8 120.4 53.7% 327.4%
Ireland 13.0 8.1 19.5 23.8 14.2 37.5 78.4 42.6% 119.4% 4.8 1.3 9.7 7.4 2.5 15.3 49.4 −11.6% 185.3%
Israel 14.4 8.1 22.5 13.7 8.8 20.4 −4.8 −29.4% 36.2% 3.7 0.9 8.5 11.4 6.0 19.2 203.7 54.2% 798.7%
Italy 21.3 13.1 33.2 24.2 14.8 37.7 18.5 8.5% 27.4% 4.5 1.0 11.1 8.8 2.9 18.6 104.0 60.0% 273.7%
Luxembourg 14.0 8.4 21.7 22.9 13.6 35.0 68.0 35.6% 104.7% 7.9 2.8 15.3 11.3 4.3 21.4 47.3 −3.8% 133.4%
Malta 15.1 8.9 24.3 24.9 14.9 38.7 57.2 28.2% 88.2% 12.2 5.5 21.5 17.4 7.9 32.3 35.0 −3.7% 89.3%
Monaco 15.5 9.3 24.2 23.5 14.2 36.1 53.8 24.7% 81.6% 7.6 2.2 15.7 11.9 4.7 22.3 59.4 13.6% 175.7%
Netherlands 14.1 8.6 21.7 23.1 14.0 35.9 61.3 29.2% 99.6% 4.5 1.2 9.8 8.1 2.5 16.2 76.3 −2.0% 237.3%
Norway 21.6 13.1 33.2 24.8 15.1 38.7 13.6 1.7% 25.2% 12.0 4.5 23.6 16.0 6.7 29.7 32.0 13.3% 65.9%
Portugal 13.7 8.2 21.5 23.7 14.4 36.4 76.6 41.5% 114.1% 11.4 5.0 20.3 17.8 8.0 31.5 59.5 9.8% 122.8%
San Marino 14.9 8.8 23.5 23.4 14.2 36.0 56.7 28.6% 86.3% 6.9 2.0 14.8 12.1 4.8 23.1 73.8 17.5% 245.2%
Spain 14.4 9.2 21.4 24.8 14.6 38.5 70.0 27.6% 115.4% 5.0 1.9 9.8 13.3 5.5 25.2 163.7 64.4% 342.8%
Sweden 22.9 13.7 35.4 23.3 14.1 35.6 2.0 −10.0% 15.2% 7.6 1.4 17.5 10.0 3.2 21.2 32.0 −8.1% 177.2%
Switzerland 15.3 9.2 24.1 24.1 14.5 37.3 73.9 43.7% 110.3% 6.0 1.2 13.1 9.8 3.4 19.3 81.0 16.3% 301.7%
United Kingdom 15.3 9.5 23.9 22.8 13.8 35.1 54.7 33.6% 72.5% 12.2 5.1 22.0 38.1 20.7 62.8 224.9 157.9% 383.6%

Abbreviation: T1DM, Type 1 diabetes mellitus; T2DM, Type 2 diabetes mellitus; YLDs, Years Lived with Disabilities; 95% UI, 95% uncertainty interval.
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prevalence and YLD rates, and 23 countries reported an increase
in incidence. While T1DM remains the predominant type of DM
in adolescents in Western Europe, there is a striking increase in
the incidence of T2DM [19], showing that this disease should not
only be considered an adult-onset disease. At the very least, one of
the reasons for an expected increase in prevalence of T1DM is the
decline in mortality that accompanies higher quality healthcare
resulting in greater survival into adolescence from incident
T1DM in earlier childhood.

The rising prevalence of adolescent DM also presents new
challenges for health systems. Innovative approaches are needed
as the best outcomes for both types of DM require high levels of
self-care by adolescents which is best supported by patient-
centred care and multi-disciplinary models of care that span
primary and specialist settings. A paradigm shift is required for
many paediatric diabetes services which predominantly focus on
T1DM and are dominated by technological advances that are less
relevant for those with T2DM. Most older adolescents will be
managed by adult-oriented health services. While these are

typically more concerned in addressing T2DM, they are also
historically oriented to older adults than adolescents. Puberty is
associated with metabolic changes that of itself are thought to be
associated with greater insulin resistance [20]. These biological
changes intersect with the wider aspects of psychosocial
development that define adolescence, with poorer adherence to
treatment, initiation of risky behaviours, incident eating and
mental health disorders, which are associated with
complications of DM [20]. Greater self-care is required by
adolescents, which is supported by carers who are equally
responsible for shaping their children’s health behaviours and
supervising medical management. Negotiating these changing
roles and responsibilities can impose considerable challenges for
individuals and their families, as well as healthcare teams [20].
Given that the transfer from paediatric to adult services typically
occurs between 15 and 19 years of age [21], a further challenge for
diabetes care results from the challenge of transferring specialist
healthcare from paediatric oriented to adult providers [20].
Improving the health-related quality of life for adolescents is

FIGURE 3 | High body mass Index attributable years lived with disability rate per 100,000 for Type 2 Diabetes Mellitus, both sexes, 20–24 years old, from 1990 to
2019, in three countries andWestern Europe (Global Burden of Disease Study, United Kingdom, Finland, Israel andWestern Europe Region, 1990–2019). Abbreviations:
HBMI, high body mass index; YLDs, Years lived with disability; UK, United Kingdom *Note: The countries were selected for being the top three countries having the
highest percentage change (1990–2019).
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an important priority during the transition from paediatric to
adult healthcare [22], which beyond the medical supervision of
insulin regimens requires attention to diabetes education, social
support, and psychological services. Educating and training the
current and future health workforce about how to work with
adolescent patients and their families is globally indicated [21], as
well as in Europe [23].

In line with other studies, our findings also highlight the
higher prevalence of T2DM and higher HBMI attributable
YLD for T2DM among female adolescents. These sex
differences might be linked to differential sex-hormone effects,
undiagnosed polycystic ovary syndrome, divergent post pubertal
weight gain and behavioural patterns [20]. For the latter, as sex
differences in some adolescent health behaviors, such as physical
activity, have been related to societal gender inequality, a society-
level perspective should be adopted to address gender norms and
disparities [24].

HBMI is a major risk factor for T2DM, and studies report that
over 85% of children with T2DM are either overweight or obese at
diagnosis [25]. The strong inverse association between BMI and
age at diagnosis of T2DM also suggests an association between
the duration of obesity and the risk of T2DM, which underscores
the importance of preventing obesity in early childhood [26].
Adolescence has also been shown to be a highly dynamic period
for weight gain, including incident obesity, and there is an
association of weight gain during puberty and the risk of
T2DM [13, 25]. The significance of these developmental
periods reinforces the value of preventive interventions that
take a life-course perspective to preventing overweight and
obesity in young children as well as adolescents [26]. While
most Western European countries have implemented obesity
prevention policies, the strong relationship between the
increasing rate of obesity in recent decades and the increasing
incidence of T2DM among adolescents suggests much greater
effort is indicated to slow the rising burden of DM across Europe
[25]. In this context, DM among adolescents should be included
within a social and commercial determinants of health
framework, which will require a more comprehensive agenda
aimed at the individual and societal level, as well as organizational
and policy level. Greater emphasis may be warranted to ensure
that preventive strategies focus on adolescents from lower socio-
economic status (SES) and ethnic minorities as these are
disproportionately affected by both T2DM and obesity [11]
which are likely to have been exacerbated by the socio-
economic, education and health inequalities caused by the
COVID-19 pandemic [27].

These results show that while most countries have
established DM strategies and national plans, a major barrier
in the implementation of health policies is the absence of
national registries. This averts the prioritisation of
interventions which could be achieved through better
understanding of trends in both forms of DM, and their
associated complications. The lack of national registries is
not restricted to T1DM, but it is this form of DM where the
relevance of registries is most apparent, given the historic
burden of complications that includes disabling sequelae and
premature death, and the relevance of quality health services to

reducing complications. The variability of estimates produced
by different sources makes the absence of national registries
immediately apparent. Although the global number of people
with DM reported by GBD 2019 (463 million in 2019), the IDF
9th Atlas (460 million in 2019) and the NCD-Risk Collaboration
(422 million in 2014) are aligned [15], greater variability for
T1DM is reported [28]. GBD 2019 reported a prevalence of
1.4 million and 2.7 million cases of T1DM for 0–14 year-olds
and 0–19 year-olds, while the IDF reported less than half the
number, at 651,700 and 1.2 million respectively [28]. While this
degree of variability will reflect differences in methods, case
inclusion criteria and data sources used, it primarily reflects
problems in primary data availability and quality; preliminary
findings from the WHO Regional Office for Europe show that
only two of the 24 Western European countries (Denmark and
Sweden) included in our study have national diabetes registries.
Ten countries have no registries, nine have registries for certain
age groups or types of diabetes, and the situation was unknown
in a further three countries [29]. Beyond disease surveillance,
diabetes registries can be used to monitor aspects of clinical
management, healthcare quality and healthcare costs, which are
critical to many different aspects of governance and accountability,
including policy implementation. Within and across countries,
data harmonisation and standardisation should be prioritised as a
strategy to enhance quality healthcare and patient outcomes, as
well as a means of providing more precise knowledge of the direct
and indirect economic burden of DM to the health system and
society, which are estimated at about USD 189 billion in 2021 in the
EUR Region [4].

This study shares the limitations of GBD 2019, which have been
described in detail elsewhere [16, 19] Our analysis has several
limitations related to the variation in the availability and quality
of primary data for adolescents in general, including the paucity of
data for 10–14 year-olds, and the particular paucity of DM data for
15–19 year-olds, thus there should be caution in interpretation
[30–32]. The estimates of disease burden are surrounded by
considerable uncertainties. Indeed, not all sources of uncertainty
could be routinely captured in either the epidemiological or cause-
of-death modelling processes. Differences in data availability among
countries can generate difficulties in the interpretation of
comparisons. Moreover, the wide uncertainty intervals for T2DM
indicate caution in interpreting comparisons across countries. In this
context, the addition of new and better-quality data will be essential
to generate more reliable estimates in the future. Another limit is the
unavailability of estimates for T2DM in adolescents <15 years old, as
GBD uses the assumption that T2DM is >15 years old. This should
be imputed to limited population-based data available for
adolescents <15 years old. Additionally, considering that the PAF
for risk factor-disease pairs are exclusively calculated for ages where
both the risk and the disease are estimated, only high fasting plasma
glucose and HBMI have been retrieved as risk factors for DM in the
study population. However, as the proportion of T1DM and T2DM
burden that is attributable to high fasting plasma glucose is always
100%, this metabolic risk factor has not been reported. HBMI was
also only able to be analysed for the population aged 20–24 years old,
due to the age restrictions reported above, notwithstanding that in
terms of exposure values, all age groups<24 years showed an increase
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inHBMI in the 30 year period, finally leading to an increase in T2DM
later in life (Supplementary Figures S7, S8). Other potentially
important limitations relate to the lack of data on ethnicity and
socio-economic status which are other risk factors for DM. Despite
these limitations, a strength of this study is that it provides a
comprehensive picture of the burden of DM across 24 Western
European countries which will hopefully provide a benchmark for
policymakers in regard to where investments are best prioritized.

In conclusion, this study describes striking increases in the
incidence, prevalence, and disability burden of T1DM and T2DM
among adolescents inWestern Europe over the past 30 years. T1DM
requires quality health system responses, which as reported in a
recent scoping review [33] should expand implementation strategies,
financial arrangements, and patient-reported outcomes. For T2DM,
policy is urgently needed on primary prevention as well as health
system responses [34]. These should be based on understanding the
relative impacts of the social and commercial determinants of health
across the life course and extend beyond health service responses.
Both forms of DM need further research to better understand their
pathophysiology among adolescents and the interaction of genetics,
puberty, and the environment. A specific focus on vulnerable
populations appears indicated given the anticipated effect of
intersectionalities (e.g., gender, ethnicity, low SES) on health
outcomes, including mortality, as better appreciated across the
COVID-19 pandemic.
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