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Abstract
Aims/hypothesis This study aimed to systematically review
what has been reported on the incidence and prevalence of
type 2 diabetes in children and adolescents, to scrutinise the
methodological issues observed in the included studies and
to prepare recommendations for future research and
surveillances.
Methods PubMed, the Cochrane Database of Systematic Re-
views, Scopus, EMBASE and Web of Science were searched
from inception to February 2013. Population-based studies on
incidence and prevalence of type 2 diabetes in children and
adolescents were summarised and methodologically evaluat-
ed. Owing to substantial methodological heterogeneity and
considerable differences in study populations a quantitative
meta-analysis was not performed.
Results Among 145 potentially relevant studies, 37
population-based studies met the inclusion criteria. Variations

in the incidence and prevalence rates of type 2 diabetes in
children and adolescents were mainly related to age of the
study population, calendar time, geographical regions and
ethnicity, resulting in a range of 0–330 per 100,000 person-
years for incidence rates, and 0–5,300 per 100,000 population
for prevalence rates. Furthermore, a substantial variation in the
methodological characteristics was observed for response
rates (60–96%), ascertainment rates (53–99%), diagnostic
tests and criteria used to diagnose type 2 diabetes.
Conclusions/interpretation Worldwide incidence and prev-
alence of type 2 diabetes in children and adolescents vary
substantially among countries, age categories and ethnic
groups and this can be explained by variations in population
characteristics and methodological dissimilarities between
studies.
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Introduction

Global prevalence of diabetes is increasing rapidly [1]. With
an estimated 285 million patients (aged 20–79 years) in
2010, diabetes is becoming one of the main threats to human
health in the 21st century in both developed and developing
countries [1, 2]. Globally, type 2 diabetes accounts for more
than 90% of the cases of diabetes [2]. Until recently, type 2
diabetes was barely diagnosed in children, since it was
considered to be a disease of adulthood. Over the past two
decades, an increase in prevalence of type 2 diabetes in
children and adolescents has been reported in several coun-
tries [1, 3]. Early onset of type 2 diabetes is associated with
increased risk of morbidity and mortality [4, 5]. Type 2
diabetes has a disrupting effect on young individuals during
their most productive years and leads to increased healthcare
costs. In addition, (severe) complications of type 2 diabetes,
such as nephropathy, retinopathy, neuropathy, dyslipidaemia
and cardiovascular disease are an ongoing threat [4–7].

An overview of global trends in the incidence and prev-
alence of type 2 diabetes in children and adolescents is
important, since type 2 diabetes has significant effects on
health and quality of life, use of medical services and
reduced employability resulting in a huge economic burden
[6–9]. To support appropriate healthcare policies,
population-based epidemiological studies are required to
show the actual burden of the disease and its secular trends
[7]. We have performed a systematic search to detect sys-
tematic reviews or meta-analyses summarising the existing
data on incidence and prevalence of type 2 diabetes in
young age groups and the different methodologies used to
estimate these population data. However, such studies have
not been published. Therefore, the aims of our study are to
review what is known about the incidence and prevalence of
type 2 diabetes in children and adolescents, to scrutinise the
methodological issues observed in the included studies and
to prepare recommendations for future research and
surveillances.

Methods

Data sources and searches This systematic review follows
the guidelines of ‘Meta-analysis of Observational Studies in
Epidemiology (MOOSE)’ [10]. After defining the research
question and consulting a medical librarian in the library of
Utrecht University, a search was performed in PubMed, the

Cochrane Database of Systematic Reviews, Scopus, EMBASE
andWeb of Science. Our search covered all publications in the
above databases, from the inception of each database up to the
third week of February 2013. The search terms and search
strategy are listed in Table 1. All search results were imported
to a Refworks file (www.refworks.com).

Study selection After removing duplicates, the title and
abstract of each article were screened by two of the authors
(S. Fazeli Farsani and M. P. van der Aa) to exclude irrele-
vant studies. Articles were selected based on inclusion and
exclusion criteria (Table 2). Reference lists of included
articles were assessed to find additional articles. Full texts
of all included articles were retrieved via the library of
Utrecht University or through contact with the authors.
Abstracts of conferences were not included in this review.
Studies were excluded based on title and abstract if they
were not population-based (e.g. studies were performed in
specific populations like obese children and adolescents) or
if they described prevalence or incidence of concurrent
diseases in patients with type 2 diabetes.

Full text screening was performed when it was not clear
whether the study population involved children and adoles-
cents, or when the abstract was unclear about the type of
diabetes. In case of disagreement the study was checked by
a third author (A. de Boer or M. M. J. van der Vorst).

Data extraction and quality assessment Once consensus on
the included articles was achieved, data was extracted from
the full text articles. The following data—author, country of
the study, calendar time, study design and denominator
used, diagnostic criteria, characteristics of the study popu-
lation (age, sex and ethnicity), excluded cases, incidence
(per 100,000 person-years) and prevalence (per 100,000
population)—were separately extracted, entered into a table
by two of the authors (S. Fazeli Farsani and M. P. van der
Aa) and then compared for similarity (see Table 3 and
electronic supplementary material [ESM] Table 1).

Data synthesis and analysis Two authors (S. Fazeli Farsani
and M. P. van der Aa) checked the extracted data. For the
methodological evaluation the following aspects were
assessed: response rates of population-based screening stud-
ies (the percentage of the invited population that consented
to participate), ascertainment rate of studies in which chil-
dren diagnosed by doctors were captured (the percentage of
children with type 2 diabetes identified and registered by
healthcare providers of all diagnosed children with type 2
diabetes), the performed diagnostic tests (e.g. measurement
of glucose concentration in urine or in plasma), diagnostic
guidelines, classification and differentiation between type 1
and 2 diabetes, quality of denominators used to calculate
incidence and prevalence rates, sample size of the
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population on which the rate estimates were based and
representativeness of the evaluated population for the whole
population in the defined geographic area.

Due to substantial methodological heterogeneity and
considerable variations in study populations a quantitative
meta-analysis of the data was not performed.

Results

The search of the five electronic databases yielded
5,920 articles, of which 145 were potentially relevant
after screening title and abstract. Out of these papers, 37
articles met the inclusion criteria. Manual reference
screening did not result in additional articles (Fig. 1).
All included articles were written in English. Of the
total of 37 included articles, 12 described prevalence
studies, 16 described incidence studies and 9 contained
both incidence and prevalence data. As shown in
Table 3, the included studies originated from four con-
tinents (13 different countries). Most of the studies were

conducted in the USA and North European countries,
while there were no studies from African or South
American countries or from a major part of Asia. Three
Japanese [11–13], two Austrian [14, 15] and two Ame-
rican studies [16, 17] were based on the same data
source, albeit the data were analysed differently and
comprised other study periods. There was a substantial
variation in population characteristics and methodologi-
cal aspects in the identified studies (Table 3), as des-
cribed below.

Study population and ethnicities The number of children in
the populations in which type 2 diabetes was detected
ranged from 1,647 [18] to several millions [11–13,
19–25] and covered different age categories. The 37 in-
cluded studies described data about many different
ethnicities—Japanese, Taiwanese, multi-ethnic, New
Zealand-Maori, New Zealand-European, Turkish, South
Asian, Black, Aboriginal, African-American, American
Indian, Pima Indian, Ojibwa-Cree, non-Hispanic whites,
Hispanic, etc. (ESM Table 1).

Table 1 Search terms and search strategy

Search terms and search strategy

Search terms

Population (‘Infant’ OR ‘Infants’ OR ‘Toddler’ OR ‘Toddlers’ OR ‘Child’ OR ‘Children’ OR ‘Adolescent’ OR ‘Adolescents’
OR ‘Teens’ OR ‘Teen’ OR ‘Teenagers’ OR ‘Teenager’ OR ‘Youth’ OR ‘Youths’ OR ‘Adolescence’)

AND

Outcome (‘Incidence’ OR ‘Incidences’ OR ‘Prevalence’ OR ‘Prevalences’) AND (‘Diabetes Mellitus, Non Insulin Dependent’
OR ‘Diabetes Mellitus, Non-Insulin-Dependent’ OR ‘Non-Insulin-Dependent Diabetes Mellitus’ OR ‘Type 2
Diabetes Mellitus’ OR ‘Diabetes Mellitus, Slow-Onset’ OR ‘Diabetes Mellitus, Slow Onset’ OR ‘Slow-Onset
Diabetes Mellitus’ OR ‘Diabetes Mellitus, Stable’ OR ‘Stable Diabetes Mellitus’ OR ‘Diabetes Mellitus, Type II’
OR ‘NIDDM’ OR ‘Diabetes Mellitus, Adult-Onset’ OR ‘Adult-Onset Diabetes Mellitus’ OR ‘Diabetes Mellitus,
Adult Onset’ OR ‘Diabetes Mellitus, Noninsulin Dependent’ OR ‘T2DM’ OR ‘T2D’)

AND

Limitations (if possible) Language English, Dutch, German

NIDDM, non-insulin-dependent diabetes mellitus

Table 2 Inclusion/exclusion
criteria for screening studies

aBased on WHO definition

Inclusion/exclusion criterion Study attributes/characteristics of groups studied

Inclusion criteria

Study design Population-based observational studies

Age Children (0–9 yearsa) and/or adolescents (10–19 yearsa)

Population General population

Outcome Incidence/prevalence of type 2 diabetes

Exclusion criteria

Language Language other than English, German and Dutch

Age Study population of adults only

Restricted groups Study population restricted to a group of people (e.g. obese children)
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at
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at
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e
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ab
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C
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at
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d
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at
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re
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R
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ra
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ab
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at
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at
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pr
im

ar
y
he
al
th
ca
re

ph
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R
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at
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ra
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at
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at
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at
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n
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os
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-p
ep
tid

e,
la
ck

of
ke
to
nu
ri
a
an
d
in
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ra
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at
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at
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R
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at
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ab
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at
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at
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at
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s
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-p
ep
tid

e
le
ve
ls
,

pr
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os
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ra
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at
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at
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at
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R
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at
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ab
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at
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at
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ra
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at
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at
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at
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at
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Calendar time and duration of the study Calendar time of
the 37 studies varied widely. The first population-based
study that reported on the epidemiology of type 2 diabetes
in children and adolescents was started in 1965 in Pima
Indians in the USA [17], while the most recent study was
a Canadian study performed between 2006 and 2008 [26].
Pavkov et al reported the longest follow-up of 39 years [17],
followed by a Japanese study with a follow-up of 30 years
[11–13]. The shortest follow-up was 1 year [27–30].

Study design and case ascertainment methods Different
methods were used in the studies for investigating incidence
and prevalence of type 2 diabetes. In nine studies, cases of
type 2 diabetes were found through population screening
[11–13, 16–18, 31–33]. The population that was invited for
screening also varied between studies. The complete Pima
Indian population was screened regardless of their health
situation [16, 17], in Japan and Taiwan school children from
all schools were screened [11–13, 31, 32] and in Ankara
(Turkey) only children in six randomly selected schools
participated in the screening programme [18]. In a Canadian
study, all school children (aged 4–19 years) in the remote
northern Ojibwa-Cree community of St Theresa Point First
Nation were screened [33].

The second method, which was the one most commonly
applied (in 20 studies), was to capture all cases of type 2
diabetes in children and adolescents that had been diagnosed
by the healthcare provider. In these 20 studies, healthcare
providers with different backgrounds (e.g. general practi-
tioners, paediatric endocrinologists, adult endocrinologists,
diabetes nurses, etc.) participated in a surveillance system
[14, 15, 19–28, 30, 34–40]. The numbers of diagnosed cases

were related to denominators of numbers of children in the
relevant geographical areas (Table 3).

A third method, applied in six studies, involved the use of
administrative databases (e.g. using prescriptions for
glucose-lowering treatment listed in a database as a proxy
for finding cases of diabetes [41]) or medical chart reviews
in hospitals or medical centres [29, 42–45].

Two of the included studies (Fagot-Campagna et al and
Craig et al) used a combination of methods for identifying
cases of type 2 diabetes [7, 46]. Fagot-Campagna et al used
both population screening and medical chart reviews while
Craig et al used administrative databases and a surveillance
system to find cases of type 2 diabetes.

In the population-based screening studies, when reported,
response rates varied from 60% to 96%. In the studies that
used healthcare provider diagnosis or administrative data-
bases, case ascertainment ranged from 53% to 99%
(Table 3).

Diagnosis of type 2 diabetes and classification Another
source of variation in the methodology of the included
studies was the use of different diagnostic guidelines for
type 2 diabetes. In most studies, the ADA or WHO guide-
lines were used to identify cases. In a few studies, national
guidelines were used to diagnose type 2 diabetes [26, 37,
38].

Different diagnostic tests were used to identify type 2
diabetes cases (e.g. in two screening programmes, urine
strips were used to diagnose glycosuria and children with
two positive results were checked with additional diagnostic
tests) [11–13, 31, 32]. In most studies diabetes was diag-
nosed based on clinical presentation in combination with

PubMed
(n=3,210)

Cochrane DSR
(n=21) 

EMBASE
(n=1,085)

Scopus
(n=3,999)

Web of Science
(n=1,915) 

Removing duplicates

Records screened
(n=5,920)

Potentially relevant
studies based on title

and abstract
(n=145) 

Applying inclusion and
exclusion criteria on

title and abstract 

Full text screening:

Studies excluded after full text
screening: 

• Abstract of conference (n=6)
• No relevant study methods (n=17)
• Reviews/commentaries/letters (n=58)
• No relevant outcome (n=27)

Incidence/prevalence
studies
(n=37)

Screening references

Additional studies
(n=0)

Finally included studies
(n=37) 

Fig. 1 Flowchart of search
results. DSR, Database of
Systematic Reviews

Diabetologia (2013) 56:1471–1488 1483



diagnostic tests (e.g. OGTT, fasting plasma glucose (FPG),
fasting plasma insulin and/or C-peptide level, etc.). Classi-
fication of the type of diabetes was another major issue.
Differentiation between type 2 and type 1 diabetes was
difficult, especially in the earliest and retrospective studies
and in studies in which questionnaires (or telephone sur-
veys) were used. In the 37 included studies, different criteria
were used to differentiate between type 1 and type 2 diabe-
tes (Table 3) (e.g. 26 of the included studies reported that
they used tests for detecting auto-antibodies or beta cell
function [11–15, 19–27, 29–31, 34, 36, 39, 40, 42–46]).

In almost all studies, the healthcare providers or investiga-
tors confirmed the type of diabetes, except in two studies in
which the type of diabetes was reported by parents or children
themselves via questionnaire or telephone survey [32, 39].

Incidence and prevalence estimates Data on incidence and
prevalence from all studies are summarised in Figs 2 and 3.
Incidence and prevalence rates were found to vary widely
depending on age, sex and ethnicity of the study population
and geographical region, resulting in a range of 0–330 per
100,000 person-years for incidence and 0–5,300 per
100,000 children and adolescents for prevalence [7, 17,
18, 37]. Detailed information from all studies is presented
in ESM Table 1.

The lowest incidence rates were observed in European
countries. The Netherlands, with no new cases of type 2

diabetes during the 1998–2000 period, and Austria, with an
incidence rate of 0.29 per 100,000 person-years for the
1999–2007 period, had the lowest reported incidences [14,
15, 37].

The highest incidence of type 2 diabetes in youth was
observed in 4- to 15-year-old Pima Indians in the USA (330
per 100,000 person-years) [17]. This was followed by the
Navajo population (USA), American Indians (USA) and
African-Americans (USA) (27.7, 23.3 and 19, respectively,
per 100,000 person-years) [20, 23, 44]. The Aboriginal
population in Canada also had a high incidence rate (23.3
per 100,000 person-years) [26] (Fig. 2).

Among European countries, a study from the UK showed
incidence rates of type 2 diabetes stratified by ethnicity:
black individuals had 3.9 cases per 100,000 person-years,
while South Asian and white individuals had rates of 1.25
and 0.35 per 100,000 person-years, respectively [30].

In Europe, the UK had the highest number of prevalence
studies [27–29, 41]. Of four prevalence studies in the UK,
two covered the whole country but produced different re-
sults. In one study, the prevalence for the population 0–
16 years of age in 2000 was reported to be 0.21 per
100,000 children/adolescents, while in another study in the
same year the reported prevalence rate was 1.9 per 100,000
for the 0- to 18-year-old study population [27, 41]. Among
the European countries, the highest prevalence rate of type 2
diabetes was reported in 15- to 19-year-old adolescents in
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variations in the observed rates,
incidence data are graphed on a
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incidence rates were calculated
for male/female populations.
White bars represent children
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black bars represent children
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Leeds (UK) with a prevalence of 9 per 100,000 adolescents
in 2000 [29].

The highest prevalence of type 2 diabetes in youth was
observed in female Pima Indians (USA) aged 15–19 years
(5,300 per 100,000 in 1987–1996), while for male Pima
Indians the rate was lower (3,800 per 100,000) [16, 17].
For 10- to 14-year-old Pima Indians in the same time period,
the respective prevalence for female and male subjects was
2,900 and 1,400 per 100,000 [7]. The Ojibwa-Cree popula-
tion in Canada had the second highest prevalence rate with
3,600 per 100,000 for 10- to 19-year old females and 1,100
per 100,000 for 4- to 19-year-old male and female children
and adolescents in 1996–1997 [33] (Fig. 3). High preva-
lence rates were also reported in American Indians, Navajo
population and African-American children and adolescents
[20, 23–25]. Among the different ethnicities in the USA,
non-Hispanic white individuals had the lowest prevalence of
type 2 diabetes [24, 25] (ESM Table 1).

Discussion

According to the findings of this systematic review, the
epidemiological studies of type 2 diabetes in children and
adolescents differed widely in population characteristics and
study methods, which resulted in a substantial variation in
incidence and prevalence estimates. While these differences
in the rates of type 2 diabetes could in part be explained by
differences in age, ethnicity, country and calendar time,
methodological dissimilarities contributed as well. Referring
to two studies performed in the UK in 2000, Hsia et al
reported a prevalence rate for type 2 diabetes which was

almost ten times higher than that reported by Ehtisham et al
[27, 41]. Although there was only a slight difference in age
between the two study populations, the different methods
used (Ehtisham et al used a survey to find cases of type 2
diabetes while Hsia et al used an administrative database)
and the lower case ascertainment in the study by Ehtisham et
al probably led to an underestimation of the type 2 diabetes
cases. Another example of the impact of methodological
differences on the rate estimates is the study of Fagot-
Campagna et al, which compared the prevalence of type 2
diabetes in adolescents aged 15–19 years, obtained from
two different sources using different methods of data col-
lection and analysis. The prevalence estimate of 5.1% vs
0.46% shows the remarkable effect of methodological dif-
ferences on rate estimation [7].

In most of the studies included in this review, cases of
type 2 diabetes were reported by healthcare providers who
participated in a surveillance system. There are several
drawbacks of using this method to estimate the occurrence
of type 2 diabetes. First, children and adolescents with type
2 diabetes may remain asymptomatic and undiagnosed for a
long period of time [47, 48] leading to underestimation of
the number of type 2 diabetes cases [14, 15, 19–27, 29, 30,
34, 37, 39, 43, 44, 46]. Although the Princeton study re-
cently showed that undiagnosed type 2 diabetes is very
uncommon in adolescents and that this has not changed
over the last decades [49], the findings from the Princeton
study probably cannot be extrapolated to countries in which
patients have only limited access to healthcare and/or the
healthcare system has a suboptimal quality. Second, the
quality of detection and classification of type 2 diabetes
might differ between healthcare providers [29, 32, 35, 36].
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This may be related to the different backgrounds of the
healthcare providers (e.g. general practitioners, paediatri-
cians and endocrinologists have different test strategies)
and also to the lack of an internationally agreed diagnostic
method and classification system for identifying cases of
type 2 diabetes in children and adolescents. Third, case
ascertainment rates in surveillance systems showed substan-
tial differences, again leading to different rates and under-
estimation of incidence and prevalence rates [27, 41].

Administrative databases (e.g. prescription databases) are
sometimes used for incidence and prevalence estimation,
with the advantage that this approach for some aspects is
less susceptible to ascertainment and selection biases. For
instance when a prescription record database of pharmacies
is used, the registration of prescriptions is often similar and
complete [50]. However, the problem of missing
undiagnosed cases of type 2 diabetes and differences in
testing and treatments of diabetes between healthcare pro-
viders remain important limitations [41].

Retrospectively reviewing the medical charts and patient
files in medical centres to find cases of diabetes, and to
classify them based on the retrieved data, is often
suboptimal because of missing information and differences
by which healthcare providers test for diabetes and record
medical information [44].

For all three methods mentioned above (capturing of
cases by participation of healthcare providers in surveillance
systems, administrative databases and reviewing of medical
charts) an important difficulty is that of retrieving a valid
denominator. Often the denominator originates from orga-
nisations registering vital statistics. A valid demarcation of
the area from which the cases derive is a challenge.

Although population-based screening was not often ap-
plied among our 37 studies, it has a number of important
advantages when compared with the other methods
discussed. The starting point is that all people, regardless
of their health situation, are screened and the same valid
screening method and diagnostic criteria can be used. There-
by, the chance of finding all (and even asymptomatic
undiagnosed) type 2 diabetes cases will increase. Further-
more, the denominator is directly available, being the total
number of screened children and adolescents. However, in
these population-based screening programmes some impor-
tant issues should also be taken into account. For instance,
non-participation of invited children (suboptimal response
rate) can lead to biased estimations. Also, just as in the other
methods, the sensitivity and specificity of the diagnostic
tests, with the potential risks of under- or over-diagnosis,
respectively, can be a problem. Wei et al reported that the
sensitivity of the glycosuria test used in the screening for
diabetes ranged from 20% to more than 80% [32]. Finally,
the performance of a population-based screening is probably
more costly than the other methods. As far as we know the

different methods have not been compared with respect to
cost-effectiveness. Recently Wu et al conducted a cost-
effectiveness analysis of screening strategies for identifying
type 2 diabetes and dysglycaemia (prediabetes) in children
and adolescents (aged 10–17 years) [51]. Although they
found that the cost of screening per case was high for
diabetes, they mentioned that screening for diabetes in youth
could be more cost-effective if dysglycaemia was explicitly
considered as a screening outcome. However, Wu et al did
not address the benefits and harms of early detection of type
2 diabetes and prediabetes in children and adolescents.

Even if case ascertainment, classification and definition
of type 2 diabetes and response rates are satisfactory, the
researchers involved in all methods face the challenge of
choosing the right sample(s) of the population to be really
representative for the intended population [7]. Regional
differences may be expected in vital statistics, reflecting
geographical, ethnic, genetic, environmental and socioeco-
nomic factors. For this reason, the demographic character-
istics of the population sample should be well described and
the analysis should take into account such differences.

After considering all methodological differences, we can
state in general that ethnic minorities have higher rates of
type 2 diabetes than white individuals in almost all coun-
tries. There is also a great difference among type 2 diabetes
rates in ethnic minorities in the USA and Canada compared
with ethnic groups in other locations (e.g. in Europe and
Australia) [19–27, 30, 34, 46]. Although genetics plays an
important role in the development of diabetes, environmen-
tal and lifestyle factors, such as dietary habits and having a
sedentary lifestyle, are also relevant. For instance, Pima
Indians in Arizona have the highest reported prevalence of
type 2 diabetes in the world [7] while Pima Indians in
Mexico with the same ethnicity have a much lower preva-
lence [7]. Pima Indians in Mexico have a healthier and more
active lifestyle than Arizona Pima Indians, which indicates
the importance of environmental factors in the development
of type 2 diabetes [7].

Both incidence and prevalence data were considerably
higher in female vs male subjects and, in addition, there was
a great difference between adolescents (aged 10–19 years)
and children (aged 0–9 years) [24, 25].

Concerning changes in the occurrence of type 2 diabetes
over time, existing data are limited for most countries. Only a
few studies (e.g. Urakami et al in Japan and Pavkov et al in the
USA) evaluated trends in incidence/prevalence of type 2 dia-
betes over a prolonged period of time [11–13, 17]. Pavkov’s
study demonstrated a significant increase in type 2 diabetes
rates while the Japanese study showed a decrease in incidence
of type 2 diabetes in Japanese school children [11–13, 17].

The lack of studies performed in some parts of the world,
mostly developing countries, and the absence of data on the
socioeconomic status of the study populations are
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limitations of our review. In addition, the heterogeneity of
study designs and population characteristics did not allow
for a more rigorous quantitative analysis (such as a meta-
analysis).

In conclusion, the incidence and prevalence of type 2
diabetes in children and adolescents show important varia-
tions among countries and ethnic groups worldwide, caused
by both population characteristics and methodological dif-
ferences. Based on our findings it is important to continue to
follow global trends in the incidence and prevalence of type
2 diabetes in the young population and to use a valid study
design, appropriate diagnostic tools and the same diagnostic
criteria. Population-based screening programmes appear to
fulfil most of these requirements although the cost-
effectiveness of such programmes is not clear yet.
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