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Abstract

Aims: The aim of this study was to determine the global incidence of type 1 diabetes

mellitus (T1DM) in children and adolescents under 20 years of age from 2000 to

2022.

Materials and Methods: Two reviewers searched three electronic databases

(PubMed, Web of Science, and CINAHL) for studies published between January

2000 and November 2022. Pooled estimates of T1DM incidence with a 95% con-

fidence interval (CI) per 100,000 person‐years were calculated by country/region,

sex, age, and COVID‐19 pandemic period (pre‐COVID‐19 and pandemic).

Results: The study included 126 studies from 55 countries and 18 regions. The

incidence rate (IR) of T1DM from 2000 to 2022 was 14.07 (95%CI, 12.15–16.29)

per 100,000 person‐years. Finland and high‐income North America had the highest

IR, with 56.81 (95%CI, 55.91–57.73) and 28.77 (95%CI, 26.59–31.13) per 100,000

person‐years, respectively. The IR was 13.37 (95%CI, 10.60–16.88) per 100,000

person‐years in boys and 13.87 (95%CI, 11.51–16.70) per 100,000 person‐years in

girls. There were statistically significant differences among different age ranges: 0–4

versus 5–9 and 10–14 years old (p < 0.001); 5–9 versus 15–19 (p < 0.001) and 10–

14 versus 15–19 years old (p = 0.003). Finally, during the pandemic period (2020–

2022), the IR was 24.84 (95%CI, 17.16–35.96) per 100,000 person‐years, which was

higher but not significant compared with the prepandemic period (2017–2019) of

13.56 (95%CI, 7.49–24.56) per 100,000 person‐years (p = 0.090).

Conclusions: The IR of T1DM in children and adolescents under 20 years of age is

substantial, especially during the pandemic period, although it varies across regions.

More reliable data from additional countries are needed to determine the world-

wide incidence of T1DM.
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1 | INTRODUCTION

Type 1 diabetes mellitus (T1DM) is a chronic autoimmune disease that

leads to the destruction of pancreatic beta cells, ultimately resulting in

a complete deficiency of insulin production.1 According to the Inter-

national Diabetes Federation (IDF), Finland, Sweden, and Kuwait have

the highest incidence rates (IRs) of T1DM in people under the age of

15 years, with 52.2, 44.1 and 41.7 per 100,000 person‐years,

respectively. In contrast, Rwanda, China, and Japan have the lowest IR,

with 1.2,2 1.93 and 2.24 per 100,000 person‐years, respectively.

Furthermore, several studies have identified differences in T1DM

incidence based on age.

The incidence peaks between 10 and 14 years old,5–11 while a

lower incidence is observed in the 0–4 years age group5,12–17 and in

those aged 15–19 years.12,18 Additionally, sex differences in T1DM

incidence have also been reported, with studies showing higher inci-

dence in men than in women in European countries,19–21 in compari-

son with Asian countries that show higher incidence in women than in

men.12–14

To date, it has been estimated that more than 1.2 million children

and adolescents worldwide have T1DM.22 In 2021, the IDF estimated

that there were 108,300 new cases of T1DM among children under

15 years of age, a number that increased to 149,500 when the age

range extended to under 20 years. However, it remains unknown

whether the incidence of T1DM has been affected by the recent

pandemic caused by SARS‐CoV‐2. Several studies have analysed the

incidence of T1DM during the pandemic period, but the results have

been inconsistent.23–27

Previous studies have explored the incidence of T1DM among

individuals under 15 years of age.28–30 However, to date, no meta‐
analysis has been conducted to provide pooled estimates of T1DM

among children and adolescents under 20 years of age, according to

different age ranges and sex, and to investigate whether there is a

difference between the prepandemic COVID‐19 period and the

COVID‐19 pandemic period. Therefore, the aim of this study was to

estimate the global IR of T1DM in children and adolescents below

20 years of age during the period 2000 to 2022 by conducting a

systematic review and meta‐analysis of observational studies.

2 | METHODS

The present systematic review and meta‐analysis was reported ac-

cording to the Preferred Reporting Items for Systematic Reviews and

Meta‐Analyses (PRISMA) statement,31 and the protocol for this study

was registered in the International Prospective Register of System-

atic Reviews (ID: CRD42022330253). No funding was received for

this study.

2.1 | Literature search strategy

In collaboration with a professional librarian, we conducted a search

of three electronic databases (PubMed, Web of Science, and

CINAHL) to identify articles published from 1 January 2000 to 15

November 2022. We used Boolean operators to identify records with

terms “type 1 diabetes” OR “childhood diabetes” OR “juvenile dia-

betes” OR “diabetes” AND children OR adolescent OR infant AND

incidence* OR registry* OR epidemiology and “observational studies”

OR “cohort studies”. A detailed description of the search strategy can

be found in Electronic Supplemental Material (ESM) Methods 1. We

did not apply any language restrictions.

2.2 | Study selection

Initially, we screened the titles and abstracts of all studies. Subse-

quently, two authors (IHA and AGH) screened the full texts of all

eligible articles, and a final decision was made for each study. Dis-

agreements were resolved by discussion between the reviewers. To

be eligible for inclusion in the meta‐analysis, studies needed to meet

the following criteria: (i) individuals diagnosed with T1DM under

20 years of age; (ii) studies providing IR of observational studies

(including cross‐sectional, prospective and retrospective, surveys and

cohort studies); (iii) studies reporting data by year or periods of time

from 2000 to 2022; (iv) studies including IR and/or mean annual IR

from population‐based (national or regional), surveys, registries and

‘whole of population’ insurance‐based data or hospital (i.e., not self‐
reported); (v) studies that did not report IR or confidence intervals

(CIs), but instead presented data on the population at risk and new

cases diagnosed to subsequently calculate the IR and CIs. If the

studies were from the same country or city and the same range of

years but were from different databases, we used both sources of

information. Additionally, if there were two studies in the same

country that used the same database, we took the study with the

largest follow‐up. Finally, when the study reported both crude and

sex‐ or age‐adjusted IRs, the unadjusted IR was chosen for analysis.

2.3 | Data extraction

Data were extracted from each included article using a standardized

data extraction form. Data were extracted by one reviewer (IHA) and

checked by a second reviewer (AGH). The following data were

extracted from the studies: first author's name, publication year, the

period of study, country/region, characteristics of the study popula-

tion (sample size, age of participants, and sex) and outcomes (mean

annual IR of T1DM). Then, we extracted the total incidence and

categorised it by age, sex and age‐sex combined, and analysed the

data in different age groups, time periods and regions, if available.

2.4 | Study risk of bias assessment

The risk of bias was assessed using the critical appraisal quality tool

for prevalence or incidence studies proposed by Loney et al.32 The

studies were scored on eight quality criteria items: (i) participants

(random sample or population), (ii) use of an adequate sampling
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method (e.g., random, cluster), (iii) adequate sample size (>300 sub-

jects), (iv) appropriate diagnostic tools, (v) unbiased appraisal of the

outcome, (vi) adequate response rate, (vii) subgroup analysis, and

(viii) the detailed description of participants. Each item that was

satisfied was awarded one point, with a minimum score of 0 and a

maximum score of eight points. Two reviewers (IHA and AGH)

independently assessed the risk of bias. Disagreements between the

allocated scores were resolved through discussion.

2.5 | Statistical analysis

To calculate the pooled IR of T1DM, we used STATA (version 17.0,

STATA Corporation, College Station, Tex). The effect size used was

the IR per 100,000 person‐years. The DerSimonian‒Laird random‐
effects model was used to calculate the IR and 95% CI except in

the following situations: (1) if multiple studies reported IR for the

same country, the pooled estimate was taken, and (2) if IR was re-

ported for a multiyear period, that multiyear period was analysed as a

single pooled data. If the studies did not present the CIs, the calcu-

lation of the exact 95% CIs for incidence estimates was based on the

number of events modelled as a Poisson variable for 100,000 person‐
years.33

We assessed the statistical consistency of the results using the I2

statistic, where a value between 75% and 100% indicates consider-

able inconsistency.34 We performed subgroup analyses by sex, age

range (0–4, 5–9, 10–14, and 15–19 years old), and age plus sex. We

also pooled the studies by country and subsequently into regions

based on the Institute for Health Metrics and Evaluation (IHME).35

Finally, we performed sensitivity analysis to compare results from

studies reporting data prepandemic COVID‐19 (i.e., from 2017 to

2019) versus the pandemic period (i.e., from 2020 to 2022). Map-

Chart software was used to map the IR of T1DM in its respective

quartiles.36

3 | RESULTS

3.1 | Search results

The initial search resulted in 7247 articles (Figure 1). After removing

duplicates and excluding studies based on their abstracts or by

examining their full texts, a total of 126 studies were included. The

details of the included studies are presented in ESM Table 1. Like-

wise, excluded studies and reasons for exclusion are shown in ESM

Results 1.

3.2 | Study characteristics

The studies included in this review reported 183,005 new cases of

T1DM between 2000 and 2022 from 55 countries covering 18 of the

F I GUR E 1 PRISMA flow‐diagram.

HORMAZÁBAL‐AGUAYO ET AL. - 3 of 9

 15207560, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dm

rr.3749 by U
niversidad Publica D

e N
avarra, W

iley O
nline L

ibrary on [26/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



21 regions. The regions include Australasia (n = 2), Caribbean (n = 2),

Central Asia (n = 1), Central Europe (n = 8), Central Latin America

(n = 2), East Asia (n = 2), Eastern Europe (n = 1), Eastern Sub‐Saharan

Africa (n = 3), High‐income Asia Pacific (n = 2), High‐income North

America (n = 2), North Africa and Middle East (n = 7), Oceania (n = 1),

South Asia (n = 2), Southeast Asia (n = 1), Southern Latin America

(n = 1), Tropical Latin America (n = 1), Western Europe (n = 16), and

Western Sub‐Saharan Africa (n = 1). Western Europe, especially Italy

and Spain, had a large number of studies, and the majority of new

T1DM cases were reported from the United States of America

(n = 36,153). In relation to the COVID‐19 subanalysis, this review

included 23 studies that encompassed both the prepandemic period

(n = 14) and the COVID‐19 pandemic period (n = 8).

3.3 | Participant characteristics

The studies were categorised based on reporting the general popu-

lation (n = 122), sex (n = 66), age ranges from 0–14 years (n = 65) and

15–19 years (n = 21), and sex plus age (n = 40). For more detailed

information about the characteristics of the participants, please refer

to ESM Tables 3, 5, 7 and 9.

3.4 | Risk of bias in studies

The critical assessment of the 126 included studies are available in

ESM Table 2. Of these, 50 articles met 100% of the quality criteria.

The most common reason for not meeting the quality criteria was the

lack of data on subgroup analysis. Overall, the risk of bias of the

included studies was low.

3.5 | Incidence of T1DM

The average IR of T1DM per 100,000 person‐years was 14.07 (95%

CI, 12.15–16.29), with an I2 value of 99.89%. Figure 2 shows the

reported incidence of T1DM by region. Finland and high‐income

North America had the highest IR, with 56.81 (95% CI, 55.91–

57.73) and 28.78 (95% CI, 26.60–31.14), respectively. In contrast,

Mali and Sub‐Saharan Africa West had the lowest IR of 0.66 (95% CI,

0.56–0.77) per 100,000 person‐years because Mali was the only

country in this subregion with reported information (ESM Table 4).

A worldwide map illustrating the geographic IR of T1DM by

quartiles is provided in Figure 3.

3.6 | Subgroup analyses

Table 1 presents a summary of the higher and lower IR categorised

by country and region, considering factors such as sex, age, sex plus

age, and COVID‐19 period categories.

Incidence of T1DM by sex. The IR of T1DM per 100,000 person‐
years for boys and girls was 13.37 (95% CI, 10.60–16.88)

(I2 = 99.86%) and 13.87 (95% CI, 11.51–16.70) (I2 = 99.76%),

respectively, without a difference between them (p = 0.812).

ESM Tables 5 and 6 show the IR by sex and country/region.

Incidence of T1DM by age. During the study period, the overall IR

for children and adolescents in age groups of 0–4, 5–9, 10–14, and 15–

19 years old (per 100,000 person‐years) were 9.66 (95% CI, 7.83–

11.92) (I2 = 99.60%), 16.83 (95% CI, 13.88–20.41) (I2 = 99.72%), 18.96

(95% CI, 15.81–22.74) (I2 = 99.71%) and 7.05 (95% CI, 4.38–11.34)

(I2 = 99.83%), respectively. There were significant differences be-

tween age ranges of 0–4 versus 5–9 (p < 0.001), 0–4 versus 10–14

years old (p < 0.001), 5–9 versus 15–19 (p = 0.001), and 10–14

versus 15–19 years old (p < 0.001). ESM Tables 7 and 8 show the IR

by age range and country/region, respectively.

Incidence of T1DM by sex plus age range. There were no differ-

ences in the IR between sexes in the age groups 0–4 (p = 0.996), 5–9

(p = 0.449), 10–14 (p = 0.507), and 15–19 years old (p = 0.678).

ESM Tables 9 and 10 show the IR by sex plus age range and country/

region, respectively.

Incidence of T1DM during the prepandemic (2017 to 2019) and

pandemic periods (2020 to 2022). The incidence of T1DM during the

pandemic period (2020–2022) was higher than the prepandemic

incidence (2017–2019). The IR was 24.84 (95% CI, 17.16–35.96)

(I2 = 99.09%) per 100,000 person‐years, compared to 13.56 (95% CI,

7.49–24.56) (I2 = 99.78%) in the prepandemic period, although the

difference was not statistically significant (p = 0.090). Among the

countries studied, Finland had the highest IR during the pandemic

period, with 56.00 (95% CI, 45.22–69.34) per 100,000 person‐years,

while Turkey had the lowest IR, with 8.03 (95% CI, 6.18–10.41) per

100,000 person‐years (ESM Table 11).

4 | DISCUSSION

This systematic review provides updated evidence on the incidence

of T1DM in people under 20 years of age, with an IR of 14.07 per

100,000 person‐years. Our study identified Finland and NorthF I GUR E 2 Incidence rate of type 1 diabetes mellitus by region.
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America as having the highest IR, while Mali and Sub‐Saharan Africa

had the lowest. We did not find any significant sex differences in the

incidence of T1DM, but we did observe a higher IR in the 5–9 and

10–14 age groups than in the 0–4 and 15–19 age groups.

Our results are in contrast to previous studies such as Chen

et al.,37 who reported an IR of 11.43 per 100,000 person‐years in

people under 15 years old. Similarly, a multinational project focused

on childhood diabetes (the Diamond Project Group),38 which incor-

porated data from 50 countries during the years 1990–1999,

revealed that Finland exhibited the highest IR of 40.9 per 100,000

person‐years, while China had the lowest IR of 0.1 per 100,000

person‐years. In our study, considering the period from 2000 to

2022, we observed a slight increase in the IR compared to the 1990–

1999 period, with rates of 56.82 and 2.84 per 100,000 person‐years

in Finland and China, respectively. These substantial disparities

among countries could be attributed to the ethnicity of children and

adolescents. For example, a cohort study conducted by Guo et al.39

demonstrated that the IR of T1DM was higher in Caucasians than in

Asians, suggesting that Caucasians are more susceptible to the con-

dition than Asians.

In addition to the T1DM incidence levels, the EURODIAB study

conducted during 1999–2003 in Europe40 found the highest IR in

Finland with 54.5 and one of the lowest in Romania with 9.7 per

100,000 person‐years. A possible explanation for Finland having the

highest IR could be related to its location at higher latitudes, which

leads to less ultraviolet radiation and vitamin D deficiency.37,41

Vitamin D deficiency has been linked to insulin resistance and

destruction of beta cells, both of which contribute to the onset of

T1DM.42

When considering the incidence of T1DM according to sex,

current evidence shows inconsistent results. For instance, a previous

study that analysed data from 72 countries and patients younger

than 19 years old from 1965 to 2012 reported no difference between

sexes,37 which is consistent with our findings. Conversely, other

studies have reported a higher incidence in girls43–45 or boys.46

These differences have been observed depending on the country of

origin of the patients. In Asian and African countries, the incidence is

typically higher in girls than boys,47 whereas in European48,49 and

Western countries, the opposite is true.50 However, there is no clear

explanation for this phenomenon. Previous studies have suggested

that this difference could be due to a reduced development of T1DM

in girls during puberty,42,51 as girls have a more robust residual β‐cell

function than boys.52 This suggests that the hormones produced by

girls gonads could provide temporary protection against T1DM.

Our research also found that the incidence of T1DM was higher

among individuals aged 5–14 years than among younger (i.e., 0–

4 years old) and older individuals (i.e., 15–19 years old). Therefore,

our findings further support the idea that incidence is lowest in

people under 5 years old,9 with an increase in incidence during the

age range from 5 to 9 years and a peak of incidence during 10–

14 years old, followed by a decline during the age range of 15–

19 years old.3,53 Regarding sex plus age ranges, no differences were

observed between groups. The literature reports that boys are pre-

dominantly affected by T1DM after puberty (i.e., 15–19 years old).54

Previous studies also show that in European girls, the highest inci-

dence is found in the age group of 5–9 years, whereas in boys, the

highest incidence was found in the age group of 10–14 years.55,56

Finally, our study examined the IR of T1DM during the COVID‐
19 pandemic period compared with the prepandemic period (2017–

2019 vs. 2020–2022). Although the number of studies was limited

and the results require caution in the interpretation, we found an

increase in the incidence of T1DM among individuals under 20 years

F I GUR E 3 Worldwide map illustrating the geographic incidence rate of type 1 diabetes mellitus by quartile.
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of age during the pandemic period. However, we did not observe any

significant difference between these two periods (p = 0.090). Some

studies have suggested an increase in incidence during the pandemic,

such as in Germany,23 Finland,24 Italy,25 and Spain,57 while others

found no significant change during the pandemic compared to the

prepandemic period in Kuwait26 and Spain.27 A recent meta‐analysis

assessed the impact of the first wave of the COVID‐19 pandemic on

the incidence of new‐onset T1DM in pediatric patients, reporting an

IR of 32.39 per 100,000 person‐years,58 which is higher than our

results. These contrasting results may be due to methodological

differences in the inclusion of the scientific articles. Our study only

included articles reporting IR with their respective confidence

TAB L E 1 Highest and lowest incidence rates by country and region according to sex, age, sex and age, and COVID‐19 period categories.

Highest incidence rates Lowest incidence rates

Sub‐analysis Country/Region Incidence rate (95% CI) Country/Region Incidence rate (95% CI)

By country

Overall Finland 56.82 (55.91–57.74) Mali 0.66 (0.56–0.77)

Boys Finland 62.66 (61.12–64.24) China 2.17 (2.08–2.26)

Girls Finland 50.98 (49.57–52.43) China 3.06 (2.93–3.19)

0–4 years old Finland 49.57 (48.05–51.13) Yemen 0.54 (0.39–0.74)

5–9 years old Finland 64.28 (62.57–66.04) Yemen 1.51 (1.19–1.91)

10–14 years old Finland 57.30 (55.73–58.92) Yemen 2.23 (1.78–2.80)

15–19 years old Eritrea 50.20 (43.50–57.70) Bangladesh 1.25 (0.70–2.14)

Boys þ 0–4 years old Finland 51.42 (48.98–53.98) Japan 1.31 (1.16–1.47)

Boys þ 5–9 years old Finland 69.08 (66.28–71.99) Japan 1.70 (1.50–1.90)

Boys þ 10–14 years old Finland 67.67 (64.95–70.51) Japan 2.70 (2.51–2.90)

Boys þ 15–19 years old Eritrea 56.70 (46.80–68.00) China 2.52 (2.19–2.89)

Girls þ 0–4 years old Finland 45.90 (43.56–48.37) China 1.21 (0.99–1.42)

Girls þ 5–9 years old Kuwait 61.40 (51.10–73.20) Japan 2.78 (2.42–3.15)

Girls þ 10–14 years old Saudi Arabia 57.70 (46.20–71.30) Japan 3.17 (2.77–3.56)

Girls þ 15–19 years old Eritrea 43.60 (34.80–53.90) Serbia 3.42 (2.69–4.35)

Pre‐pandemic Finland 39.97 (33.43–47.80) Bangladesh 1.21 (0.93–1.55)

Pandemic Finland 56.00 (45.22–69.34) Turkey 8.03 (6.18–10.41)

By region

Overall High‐income North America 28.78 (26.60–31.14) Western Sub‐Saharan Africa 0.66 (0.56–0.77)

Boys Australasia 25.30 (24.80–25.90) High‐income Asia Pacific 2.94 (1.81–4.77)

Girls Eastern Sub‐Saharan Africa 23.26 (19.87–27.24) South Asia 4.10 (3.40–4.80)

0–4 years old High‐income North America 23.82 (14.74–38.49) High‐income Asia Pacific 1.55 (1.37–1.74)

5–9 years old High‐income North America 39.45 (20.21–37.61) High‐income Asia Pacific 2.67 (1.93–3.69)

10–14 years old High‐income North America 42.42 (33.64–53.48) High‐income Asia Pacific 3.65 (2.48–5.39)

15–19 years old Eastern Sub‐Saharan Africa 50.20 (43.50–57.70) South Asia 2.01 (0.86–4.73)

Boys þ 0–4 years old High‐income North America 19.53 (18.13–21.03) High‐income Asia Pacific 1.32 (1.18–1.47)

Boys þ 5–9 years old High‐income North America 32.18 (30.46–33.99) High‐income Asia Pacific 2.12 (1.35–3.33)

Boys þ 10–14 years old High‐income North America 36.86 (32.35–41.99) High‐income Asia Pacific 3.34 (2.18–5.09)

Boys þ 15–19 years old Eastern Sub‐Saharan Africa 56.70 (46.80–68.00) East Asia 2.52 (2.19–2.89)

Girls þ 0–4 years old High‐income North America 19.38 (17.95–20.92) East Asia 1.21 (1.00–1.46)

Girls þ 5–9 years old High‐income North America 34.03 (30.51–37.94) High‐income Asia Pacific 3.17 (2.42–4.14)

Girls þ 10–14 years old High‐income North America 32.73 (31.04–34.52) High‐income Asia Pacific 3.89 (2.60–5.83)

Girls þ 15–19 years old Eastern Sub‐Saharan Africa 43.60 (34.80–53.90) East Asia 3.48 (3.10–3.91)
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intervals or sufficient information to calculate these values. In

contrast, the study by Rahmati et al.58 did not consider this criterion,

and thus, the result may have been overestimated. Although several

hypotheses have been proposed for the association between COVID‐
19 and the higher IR of T1DM59,60, there is no solid evidence that

SARS‐CoV‐2 causes T1DM itself. Therefore, the available data on

T1DM incidence during the COVID‐19 pandemic are inconsistent,

and long‐term follow‐up studies are needed.59

This review has some limitations that should be considered when

interpreting the results. First, the inclusion of studies was restricted

to those reporting the IR of T1DM and providing sufficient data for

calculation. Therefore, some countries were not included in this

meta‐analysis due to a lack of data, and several studies reporting the

IR before 2000 were excluded. Second, not all countries in some

regions provided data on T1DM incidence, which may have intro-

duced bias at the regional level to underestimation or overestimation

of the actual IR. Finally, the limited number of studies reporting

T1DM incidence during the COVID‐19 pandemic period may have

influenced the incidence estimates during this period. Future studies

should aim to report all possible data to obtain more accurate inci-

dence estimates.

In conclusion, this meta‐analysis offers updated estimation of the

IR of T1DM among children and adolescents under 20 years of age

across 55 countries. The IR was estimated to be 14.07 (95% CI,

12.15–16.29) per 100,000 person‐years, with significant variability

observed by country, region, and age group. Finland, high‐income

North America and the age range of 10–14 years had the high-

est IR. Further studies are needed to report the incidence of

T1DM in countries with no official estimates to determine the true

global IR.
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