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s type 2 diabetes mellitus a significant
problem in European adolescents!
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Abstract

The rapidly rising incidence of type 2 diabetes mellitus in young patients is well known in North America,
especially in some minorities. Population-based data suggest that the epidemic of paediatric obesity is being
followed by an increase in type 2 diabetes mellitus, but for European countries there are such no population-
based incidence and prevalence data. From the available data the magnitude of the problem in the European
Caucasian population seems to be much less than in North America. Although type 2 diabetes mellitus is still
rare in childhood, an increasing rate is expected paralleling the growing rates of obesity; therefore, children
and adolescents with a substantial risk for the presence or development of type 2 diabetes should be screened.
Among Hungarian obese adolescents impaired glucose tolerance was found in 17.3% and type 2 diabetes
mellitus in 1.9% of children. Any feature or condition associated with insulin resistance or hyperinsulinaemia
should alert health-care providers to screen young people at increased risk for type 2 diabetes mellitus.
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Introduction

Although type 1 diabetes remains the main form of
diabetes in the young, the much less common
inherited forms of diabetes, as well as type 2
diabetes mellitus (T2DM), can also present in early
life. T2DM in children and adolescents is regarded
as an emerging problem; however, there are few
reliable reports of its true population prevalence or
its prevalence in obese children.

Population-based data suggest that the epidemic
of paediatric obesity is being followed by an
increase in T2DM. The American Diabetes Asso-
ciation (ADA) has issued a consensus statement on
T2DM in young people, stating that 8—45% of
newly diagnosed DM children had non-immune-
mediated diabetes (1).

The phenomenon of a rapidly rising incidence of
T2DM in young patients is well known in North
America (2). T2DM now accounts for as many as
8-46% of new cases of paediatric diabetes and
affects up to 5% of adolescents in some Native
American tribes (2, 3). However, the emergence of
T2DM in children is not limited to that country.
Among Japanese junior high school-aged young-
sters (4) the incidence of T2DM increased from 7.2
per 100000 in 1976—1980 to 13.9 per 100000 in
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1991-1995. The mean annual incidence of T2DM
in Australian children below the age of 16 was 2.5
per 100000 in 2001/02 (5).

As the childhood population becomes increas-
ingly overweight, T2DM may be expected to occur
in younger, prepubertal children. The young age at
presentation exposes these patients to a high risk of
complications in adult life.

Epidemiology of type 2 diabetes mellitus in
children in Europe

The MEDLINE database on T2DM in children and
adolescents was searched between January 1998 and
January 2004 using the keywords: type 2 diabetes
mellitus, non-insulin dependent diabetes mellitus,
children, adolescence, Europe. A questionnaire was
also distributed among European Childhood Obe-
sity Group (ECOG) representatives from 14 Eur-
opean countries, which included several questions
concerning the prevalence, risk factors and compli-
cations of childhood obesity. One of them was “Is
the increased prevalence of overweight and obesity
associated with an increase in type 2 diabetes? Is it
possible to quantify this?”” The quality of epidemio-
logical data regarding the prevalence of T2DM
among adolescents varies considerably.

© 2004 Taylor & Francis ISSN 1102-6480 155

DOI: 10.1080/11026480410000445



Erhardt E and Molndr D

In European countries, publications on the pre-
valence of T2DM in young people are anecdotal
and there are no population-based incidence and
prevalence data.

According to the data of the Pan-Birmingham
Diabetes Advisory Group (6) the first case of child-
hood T2DM in Europe was diagnosed in 1993, and
up to 2001 17 other patients were reported, 15 of
whom were of South Asian origin. Whether the
emergence of T2DM in children from ethnic mino-
rities has implications for the wider paediatric
population is unclear.

Drake et al., from Bristol, UK (7) reported four
white adolescents who presented with T2DM asso-
ciated with significant obesity [body mass index
(BMI) > +3 standard deviation scores (SDS)].
Three of them were female and two had acanthosis
nigricans and a family history of diabetes.

In an Italian study (8) based on 710 grossly obese
children and adolescents of European origin, the
prevalence of T2DM was 0.1% and that of impaired
glucose tolerance (IGT) was 4.5%.

Wabitsch et al. (9) recently published a report on
the prevalence of T2DM and impaired glucose
regulation in Caucasian obese children living in
Germany. T2DM was present in eight (1.5%) of the
patients examined. All of them were of pubertal age
and the male to female ratio was 1:3. Analysis of the
multicentre database from 148 paediatric diabetes
centres from Germany and Austria (10) revealed
130 (0.6%) children of Caucasian origin with
T2DM compared with 19 796 patients with type 1
diabetes. Patients with T2DM were predominantly
female, significantly older at diagnosis and more
overweight.

Thirty-one (0.5%) cases of T2DM out of approxi-
mately 6000 children with diabetes were found in
Sweden (11). Fifty per cent of them were from
ethnic minorities known to have a high incidence of
T2DM and the male to female ratio was 1:2.

Data on T2DM incidence in children from east-
ern and central Europe are even scarcer. In a
multicentre trial on metformin in paediatric patients
with T2DM (12), besides 62 children from the USA,
16 children from Russia, four from Ukraine, two
from Belarus and one from Poland were included.
Their age ranged from 10 to 17 years and over 80%
were obese or overweight.

In a study by the present group (13), an oral
glucose tolerance test (OGTT) was performed in
289 obese (mean BMI+SD: 31.1+4.6 kg/m %)
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adolescents (mean age+SD: 12.942.7 years), of
whom IGT was found in 50 (17.3%) and T2DM in
five (1.9%) children. In another study in north-
eastern Hungary, IGT was found in 18% and
T2DM in 1.1% of obese children. Thus, the
prevalence of IGT and T2DM was similar in the
south-western and north-eastern parts of the coun-
try.

Although the prevalence and incidence of T2DM
is increasing, the crude prevalence of the disease
compared with type 1 diabetes mellitus in child-
ren aged under 18 years is still negligible (6, 14)
(Table 1).

Clinical aspects of type 2 diabetes mellitus
Diagnosis of T2DM in affected children is very
difficult, because most paediatric patients with
T2DM are asymptomatic and have atypical pre-
sentations, with classical features of both type 1 and
type 2 diabetes appearing in some obese children
(15, 16). They are usually identified when glucosuria
or hyperglycaemia is found on routine testing or
during assessment of their obesity. Some may have
non-specific symptoms such as vaginal or penile
moniliasis. Moreover, individuals with immune-
mediated type 1 diabetes may have clinical presen-
tations indistinguishable from those of patients with
non-immune-mediated T2DM, and they are often
diagnosed as having type 1 diabetes. A small
number of children with T2DM may suffer from
polyuria and polydipsia, and some develop keto-
acidosis (1, 3, 15).

According to the ADA (1) the risk factors for
developing T2DM in children are obesity/over-
weight, family history of T2DM, ethnic minority,
puberty, female gender and features of “syndrome
X”. In the obesity—diabetes relationship, two fac-
tors are mentioned as the major components:
insulin resistance and insulin deficiency. Both in-
sulin resistance and B-cell failure are present in fully
developed T2DM (17, 18). IGT refers to be an
intermediate stage in the natural history of T2DM.
In the 1960s and 1970s several studies investigated
the status of carbohydrate tolerance in children with
obesity (19-21). In a recent, multiethnic cohort of
167 American obese children and adolescents (using
OGTT) IGT was detected in 21% of obese adoles-
cents (BMI: 35.541.0) and silent T2DM was
identified in 4% of them (22). In a study by the
present group the prevalence of IGT [criteria of
Guthrie (23)] was 50% among obese Hungarian



Table I. Comparative data on prevalence of diabetes mellitus in children

Age Type | Type 2
(years) diabetes mellitus diabetes mellitus
Ehtisham et al. (6) 18 years 1.818/1000 0.038/1000

Feltbower et al. (14) 0-30 years 2.15/1000 0.13/1000

children (24). As mentioned above, according to
recent data, the prevalence of IGT [criteria of ADA
and WHO (25)] was around 18% in obese children
in two different parts of Hungary. Unfortunately,
the results of earlier investigations concerning to
IGT cannot be compared with recent results, since
the applied glucose loads and definitions for IGT
are different.

In adults it may take several decades for full-
blown T2DM to develop. Jallut et al. (26) examined
33 obese adults. Among them nine (27%) had IGT
and 11 (34%) had T2DM at the beginning, and
during a 6 year follow-up IGT developed in four
patients, while T2DM developed in two patients.
Tuomilehto et al. (27) compared a control and an
intervention (diet and physical exercise) obese group
of adults (n=522). During a 6 year follow-up
T2DM developed in 6% of the controls and in 3%
of the intervention group.

It is not known how many children with IGT
develop T2DM, but it is likely that disease pro-
gresses from IGT more rapidly then in adults,
particularly during adolescence, when there is
transient insulin resistance. When young people
with T2DM were compared with controls matched
for age, gender and stage of maturation, stimulated
C-peptide was significantly lower, whereas glucagon
responses did not differ. However, plasma glucagon
was significantly higher in long-term than in short-
term T2DM patients (28). Relative hypoinsulinae-
mia and hyperglucagonaemia therefore seem to
represent pancreatic B- and a-cell dysfunction in
children with T2DM.

Disorders associated with insulin resistance such
as acanthosis nigricans, polycystic ovarian syn-
drome and hypertension are also common in young
people with T2DM (29-31), but they may be
associated with obesity per se.

Few data exist on long-term follow-up of children
and adolescents with T2DM, but data from Japa-
nese and Indian children show the presence of
severe complications at follow-up such as incipient
retinopathy and microalbuminuria (32). In adults,
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the UKPDS (33) showed a logarithmic association
of the hazard ratio for all diabetes endpoints against
glycosylated haemoglobin (HbA,.).

These data indicate that there is a great need for
screening to identify asymptomatic individuals who
are likely to have diabetes. Consistent with screening
recommendations for adults, only children and
young people with substantial risk for the presence
or the development of T2DM should be tested. The
risk factors listed by the ADA (1) are presented in
Table 2. In summary, any feature or condition
associated with insulin resistance or hyperinsulinae-
mia should alert health-care providers to screen
young people at increased risk for T2DM.

Treatment of type 2 diabetes mellitus

The treatment of children and adolescents who have
T2DM is as demanding as in adults. Diet and
exercise are the main cornerstones of therapy (34),
but they are seldom successful alone, as they require
high motivation and lifestyle changes. Because
obesity is one of the risk factors for T2DM, it is
imperative that effective treatment is developed.
Therapeutic strategies include lifestyle and beha-
viour modification, nutrition education, and psy-
chological and family therapy interventions.
Exercise and physical activity have an effect on
body weight reduction as well as on insulin sensi-
tivity.

Asymptomatic children identified at routine test-
ing should be counselled on the necessary lifestyle
changes. Because obesity is the major problem in
most adolescents with T2DM, dietetic advice is

Table 2. Testing for type 2 diabetes in children

Criteria®

Overweight (body mass index >85th percentile for age and gender, weight for
height >85th percentile or weight >120% of ideal for height)
Plus any two of the following risk factors:
Family history of type 2 diabetes in first or second degree relative
Race/ethnicity (American Indian, African—American, Hispanic, Asian/Pacific
Islander)
Signs of insulin resistance or conditions associated with insulin resistance
(acanthosis nigricans, hypertension, dyslipidaemia, polycystic ovarian syndrome)
Age of initiation of testing: age 10 years or at onset of puberty
Frequency: every 2 years

Test: fasting plasma glucose preferred®

? According to the American Diabetes Association (1). Clinical judgement should
be used to test for diabetes in high-risk patients who do not meet these criteria.
® In the authors’ experience, the performance of an oral glucose tolerance test is

much more sensitive.
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mandatory, although calorie intake should not be
too restricted to ensure normal growth and pubertal
development. Patients should be encouraged to
increase their physical activity or at least to decrease
inactivity, as most of them have lifestyles character-
ized not only by high fat intake but also by minimal
physical activity (35). If the changes in lifestyle are
accepted and adherence is good they may be the
only recommendations for asymptomatic patients.
In a Hungarian study, after 6 months of lifestyle
and dietary changes the metabolic status of obese
children with IGT and T2DM had improved (13).
The changes in metabolic parameters are shown in
Table 3. In four adolescents with T2DM, the OGTT
and anthropometric measurements were also re-
peated, and the same changes could be seen in body
weight, plasma glucose, insulin and homoeostasis
model assessment levels as for the children with
IGT.

However, if the treatment goals are not achieved
and the patient fasting blood glucose and HbA . are
elevated, pharmacological therapy should be con-
sidered. Insulin treatment remains an important
and effective mode of therapy in children (36), and
is the only initial treatment recommended for those
who present with severe hyperglycaemia or diabetic
ketoacidosis (15). Until recently, insulin was the
only therapy approved by the Food and Drug
Administration (FDA) for patients with T2DM
under the age of 18 years. Recently, metformin has
been approved by FDA for use in children between
10 and 16 years, and has been recommended by the
ADA (1) as a first line oral agent for treatment of
T2DM in children. Rare complications of its use are

Table 3. Anthropometric data and metabolic parameters in obese children with

impaired glucose tolerance after a 6 month diet and lifestyle changes (n =32)

Ist examination 2nd examination
(6 months later)

Body weight (kg) 77.6 +24.1 76.44+22.0
Body height (cm) 157.3 +30.1 160.9+15.3
Body mass index (kg m 2 30.4+49 29.0 £ 4.4
Plasma glucose 120 min (mmol |~ ") 8.6+0.7 7.0+ 1.2*
Plasma insulin 0 min (WU ml~") 29.1+9.2 18.8+8.0*
Plasma insulin 120 min (WU ml ~')  168.7+92.9 117.4+85.9*%
Homoeostasis model assessment 6.7+3.7 49+3.3*

Data are shown as mean +SD.

0 and 120 min: time at which blood was taken during the oral glucose tolerance
test.

*p <0.001, **p <0.05.
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lactic acidosis and diarrhoea. Sulfanylureas may
exhaust the endogenous insulin reverse. o-Glucosi-
dase inhibitors, which retard carbohydrate absorp-
tion, are not recommended for children as they
produce flatulence and soft stools. Sulfanylureas,
meglitinides and thiazolidinediones have not been
approved for use in children.

Metformin reduces fasting blood glucose and
lowers insulin resistance, probably by its effect on
hepatic glucose output (37). It is also reduces food
intake and may be helpful in decreasing obesity. In a
group of obese adolescents with fasting hyperisuli-
naemia and a family history of T2DM, 6 months of
metformin therapy resulted in a decline in fasting
blood glucose and insulin, and was accompanied by
a small but statistically significant reduction in BMI
SDS, although the patients’ diet was not restricted
(38). It is relatively safe, as it does not cause
hypoglycaemia. In a 16 week double-blind pla-
cebo-controlled study metformin resulted in signifi-
cantly lower fasting plasma glucose and HbA . in a
group of children with new-onset T2DM (39).
According to Zuhri-Yafi et al. (40), metformin
appeared to provide effective therapy for T2DM
in children, in that it permits reduction of insulin
dosing in the group treated with insulin and
metformin together. Those patients who could be
treated with metformin alone had a greater reduc-
tion in their HbA;. levels than patients who
required insulin and metformin together, although
long-term metformin monotherapy did not seem to
be sufficient.

Initiation of insulin therapy is recommended for
the patient who is symptomatic at presentation,
with evidence of severe insulin deficiency, elevated
blood glucose and HbA;. with or without keto-
nuria.

At present few drugs are approved by the FDA
for the treatment of adult obesity and only two of
these medications (sibutramine and orlistat) are
widely used in clinical practice. In childhood there
is only very limited experience with antiobesity
drugs and these two drugs are not approved for
adolescent treatment. Orlistat binds to gastrointest-
inal lipases and causes partial inhibition of fat
resorption from the gut (41). In contrast, sibutra-
mine causes a centrally mediated increase in satiety
and energy expenditure (42). When combined with a
hypocaloric diet, both drugs lead to a moderate
additional weight loss within 6 months (41, 42). Two
studies (43, 44) demonstrated that orlistat treatment



is well tolerated in obese adolescents and has a
side-effect profile similar to that in adults, but its
true benefit over conventional therapy remains to be
determined in placebo-controlled trials.

According to the data in the literature, lifetime
management strategies in children with T2DM will
probably be as complex as in adults.

Conclusions

On the basis of the available data, the prevalence of
T2DM in Caucasian children and adolescents is
much lower than reported in other races, but more
representative, population-based surveys are
needed. The presence of IGT and chemical diabetes
was reported as early as the 1960s and 1970s;
however, comparison of these data with recent
figures is not really possible since the glucose load
applied and the criteria for IGT and T2DM were
different. T2DM is clearly a multifactorial and
heterogeneous disorder, so preventive measures
must be based on the modification of several
potential risk factors. Assuming that T2DM is
preventable, there are two components to primary
prevention. First, a population strategy is needed,
to alter the lifestyle and environmental determi-
nants of T2DM. Secondly, a high-risk strategy is
needed for screening individuals at especially high
risk for T2DM and providing preventive care.
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