Diabetologia (2001) 44 [Suppl 3]: B3-B8

Diabetologia

© Springer-Verlag 2001

Trends in the incidence of childhood-onset diabetes

in Europe 1989-1998

A.Green!, C.C.Patterson’ on behalf of the EURODIAB TIGER Study Group*

! Department of Epidemiology and Social Medicine, University of Aarhus, Aarhus, Denmark

2 Queen’s University Belfast, Belfast, UK

Abstract

Aims/hypothesis. To study the epidemiology of child-
hood-onset (Type I) insulin-dependent diabetes mel-
litus in Europe, the EURODIAB collaborative
group in 1988 established prospective, geographical-
ly-defined registers of all children diagnosed with
Type I diabetes under 15 years of age. This report is
based on 24423 children, registered by 36 centres,
with complete participation during the period
1989-1998 and representing most European coun-
tries with a population coverage of approximately
20 million children.

Methods. Multiple sources of ascertainment were
used to validate the level of ascertainment. Trends in
Type I diabetes incidence during the period were
analysed using Poisson regression with the results
from the 36 centres pooled into nine regions.

Results. The standardised average annual incidence
rate of Type I diabetes varied more than tenfold be-
tween centres. Overall, the annual increase in inci-

dence was 3.2% (95%-CI: 2.7 %, 3.7 %), being high-
est for children in the 0-4-year age-group 4.8%
(3.8%, 5.9%) and lowest for children in the 10-14-
year age group 2.1 % (1.4 %, 2.8 % ). However, the ab-
solute increases in Type I diabetes were roughly simi-
lar in the three age-groups of 0-4, 5-9 and
10-14 years. Central Eastern Europe showed the
highest increase whereas Sardinia and Northern Eu-
rope (except Finland) showed no evidence of an in-
crease. For all age-groups relatively fewer cases had
disease onset during the summer months, especially
the 10-14-year age-group.

Conclusion/interpretation. The extremely large range
of incidence rates within Europe has been confirmed.
The incidence rate is generally increasing but is more
pronouncedinsome regions thaninothers. Seasonality
at disease onset is apparent even in the youngest age-
group. [Diabetologia (2001) 44 [Suppl 3]: B3-B §]

Keywords Type I diabetes, incidence, geography, sec-
ular trend, seasonality.

In a report presenting data from 1989-1990 from 26
registries in the EURODIAB Study Group, we
showed that an exceptionally wide range of incidence
rates for Type I diabetes exists within Europe [1].
New research and reviews, including the EURODI-
AB Study Group’s recent report on the years
1989-1994, indicate that there has been a rapid in-
crease in the incidence of Type I diabetes in many Eu-
ropean countries in the last few decades with a higher
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rate of increase among children under 5 years of age
[2-8]. This increase, in conjunction with the relatively
low concordance rate in monozygotic twin pairs,
highlights the importance of environmental factors
[9-11].

This report, based on 10 years of prospective regis-
tration by the EURODIAB Study Group, updates
the knowledge on the epidemiology of childhood dia-
betes in Europe. Particular attention is given to an
analysis of age-specific, secular trends in different
parts of Europe.
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Table 1. Summary of registration information for the 36 EURODIAB centres

A.Green: Incidence of childhood diabetes in Europe 1989-1998

EURODIAB Centre Region Number of cases ~ Standardised  incidence Completeness of ascer-
Code rate (95%-CI) per 100 000  tainment % (95 %-CI)
Al Austria Whole nation 1314 9.5 (9.0, 10.0) 97.9 (97.2-98.7)
B1 Belgium Antwerp 191 11.8 (10.1, 13.6) 95.6 (92.7-98.5)
C1l Hungary 18 counties 1385 9.4 (8.9,9.9) 99.6 (99.3-99.9)
D1 Denmark 4 counties 388 16.8 (15.2,18.6) 98.7 (97.6-99.9)
El Iceland Whole nation 89 13.9(11.2,17.1) 100.0 (-)

Gl Greece Attica 549 9.7 (8.9, 10.6) 100.0 (-)

G2 Greece 5 northern regions 74 6.2 (4.9,7.8) 100.0 (-)

12 Ttaly Lazio 683 8.7 (8.0,9.4) 85.8 (83.2-88.4)
13 Italy Sardinia 1099 37.8 (35.6,40.1) 86.9 (85.0-88.9)
14 Italy Eastern Sicily 273 12.3 (10.9, 13.9) 99.2 (98.1-100.0)
K1 Lithuania Whole nation 638 7.8(7.2,8.4) 100.0 (-)

K2 Latvia Whole nation 386 7.1(6.4,7.8) 100.0 (99.8-100.0)
K3 Estonia Whole nation 365 11.4 (10.3,12.7) 100.0 (-)

L1 Luxembourg Whole nation 84 11.9(9.5,14.7) 100.0 (-)

M1 Germany Diisseldorf 523 13.2 (12.1,14.4) 89.5 (86.8-92.1)
M2 Germany Baden Wiirttemberg 2012 12.0 (11.5, 12.5) 97.2 (96.4-97.9)
N1 Norway 8 counties 829 20.8 (19.4,22.2) 100.0 (99.9-100.0)
P1 Portugal Madeira Island 40 6.9 (4.9,9.3) 100.0 (-)

P3 Portugal Algarve 96 16.0 (12.9, 19.5) 85.1(77.9-92.2)
Q1 Bulgaria Western 491 9.9 (9.0, 10.8) 100.0 (99.9-100.0)
Q2 Bulgaria Eastern 394 7.8 (7.0, 8.6) 99.9 (99.6-100.0)
R1 Romania Bucharest 227 5.0 (4.4,5.7) 100.0 (-)

S1 Spain Catalonia 1336 12.8 (12.1,13.5) 93.7 (92.4-95.0)
T1 Finland 2 regions 783 43.9 (40.9,47.1) 100.0 (-)

U1 United Kingdom Northern Ireland 876 22.3(20.8,23.8) 99.6 (99.1-100.0)
U2 United Kingdom Oxford 1005 19.3 (18.1,20.6) 95.2 (93.9-96.5)
U3 United Kingdom Leicester 308 17.1 (15.3,19.1) 100.0 (-)

U4 United Kingdom Leeds 1230 17.1 (16.2,18.1) 97.2 (96.3-98.2)
W2 Poland 3 cities 566 7.0 (6.5,7.6) 100.0 (-)

W3 Poland Gliwice 609 6.5 (6.0,7.0) 99.9 (99.7-100.0)
X1 Sweden Stockholm county 782 25.7(23.9,27.6) 100.0 (-)

Y1 Slovenia Whole nation 327 8.5(7.6,9.5) 100.0 (-)

Y2 Croatia Zagreb 138 6.6 (5.5,7.8) 99.7 (98.8-100.0)
Y3 FYR of Macedonia Whole nation 175 3.6(3.1,4.1) 98.4 (96.6-100.0)
71 Slovakia Whole nation 1156 9.2 (8.7,9.7) 100.0 (-)

72 Czech Republic Whole nation 2003 9.8 (9.4,10.2) 99.9 (99.8-100.0)

2 The standard population assumes sex-groups and age-groups of equal size

Methods and subjects

The establishment of the EURODIAB collaborative group of
childhood diabetes registers has been described previously in
detail [1, 6, 12]. Briefly, in 1988 prospective registers of new
cases of Type I diabetes among children aged under 15 years
of age were established in 26 geographically-defined centres
in Europe and Israel. Other centres whose registries fulfilled
the specified quality criteria have since joined the group which
expanded to comprise 44 centres in 1999. Many of the new par-
ticipants are from the countries of Central and Eastern Europe
so that most European countries are now represented.

Multiple sources of ascertainment were used to enable cen-
tres to assess their completeness of ascertainment. Capture-re-
capture methodology, which assumes that independent prima-
ry and secondary sources of ascertainment are available, was
used to estimate the completeness of registration [13]. In most
centres the primary source of ascertainment was hospital re-
cords or notifications by paediatricians and family doctors.
Secondary sources varied depending on local circumstances
but included social insurance schemes, diabetes associations
and prescription data.

Type I diabetes was defined on the basis of a clinical diag-
nosis of idiopathic diabetes by a doctor. Cases occurring sec-
ondary to other conditions (e. g. in children who had been diag-

nosed with cystic fibrosis or who had received high-dose ste-
roid treatment) were excluded. The date of onset was taken
as the date of the first insulin injection. Anonymous data were
submitted to a Central Co-ordinating Office in Odense, Den-
mark, for data processing and analysis.

This analysis includes only those 36 centres with case regis-
tration during the complete 10-year period between 1989 and
1998 (Table 1). To analyse geographical variability and secular
trends, the centres were grouped into nine regions. These were
Finland; Sardinia; North Europe (rest): Danish, Norwegian and
Swedish centres; Atlantic Europe: United Kingdom and Ice-
land centres; Baltic: Lithuanian, Latvian and Estonian centres;
Central Western Europe: Austrian, Belgian, German, Luxem-
bourg and Czech centres; Central Eastern Europe: Hungarian,
Romanian, Polish and Slovakian centres; Mediterranean-West-
ern Europe: Italian (excluding Sardinia), Portuguese and Span-
ish centres; Balkans: Greek, Bulgarian centres and centres
from former Yugoslavia.

Annual estimates of the population size of each centre’s
geographically-defined area were used as denominators for
the calculation of rates. Age and sex standardised incidence
rates were obtained using the direct method with a standard
population consisting of equal numbers of children in each of
six subgroups defined by age (04, 5-9 and 10-14 years of
age) and gender.
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Table 2. Summary of the Poisson regression analyses showing the incidence trend (overall and by age-groups) in geographical clus-

ters during 1989-98 taking account of changes in population age/sex structure

Cluster Risk ratio (with 95 %-CI) per annum

Overall 04 59 10-14
Finland 1.034 (1.009; 1.059)° 1.062 (1.011; 1.115)® 1.047 (1.005; 1.091)* 1.004 (0.965; 1.044)
Sardinia 1.011 (0.990; 1.031) 1.032 (0.987; 1.079) 0.993 (0.960; 1.028) 1.015 (0.984; 1.047)

Northern Europe (rest)
Atlantic Europe

Baltics

Central Western Europe
Central Eastern Europe
Mediterranean Europe
Balkans

0.998 (0.983; 1.013)

1.039 (1.027; 1.051)°
1.029 (1.010; 1.048)°
1.039 (1.030; 1.048)°
1.053 (1.041; 1.064)°
1.020 (1.006; 1.034)"
1.023 (1.008; 1.038)°

1.016 (0.984; 1.049)

1.042 (1.016; 1.068)"
1.026 (0.982; 1.071)

1.049 (1.029; 1.069)°
1.090 (1.062; 1.118)°
1.046 (1.013; 1.081)"
1.044 (1.009; 1.080)

0.989 (0.964; 1.014)

1.062 (1.041; 1.083)¢
1.030 (0.998; 1.062)

1.032 (1.017; 1.047)°
1.064 (1.044; 1.084)°
1.026 (1.002; 1.050)
1.051 (1.024; 1.078)°

0.997 (0.974; 1.021)
1.019 (1.001; 1.037)?
1.030 (1.002; 1.058)?
1.040 (1.026; 1.054)°
1.031 (1.015; 1.048)°
1.006 (0.986; 1.027)
0.996 (0.976; 1.017)

ap<0.05°p <0.01°p<0.001

Table 3. Summary of Poisson regression analyses of incidence trends for data from 36 centres considered in 9 regions

Model terms? Suitability of fit Likelihood ratio test for last term
1 df p v df P

1 Base Model ® 790.4 486 < 0.001 - - -

2 Base Model® + Year 598.4 485 <0.001 192.0 1 <0.001

3 Base Model ? + Year + Year - Region 555.3 477 0.008 43.1 8 < 0.001

4 Base Model® + Year + Year - Region + Year - Age 5334 475 0.03 219 2 <0.001

5 Base Model® + Year + Year - Region + Year - Age + Year - Sex  533.3 474 0.03 0.02 1 0.88

6 Base Model® + Year + Year - Region + Year - Age + Year -

Sex + Year - Age - Sex 530.3 472 0.03 3.04 2 0.22

2 Age, Terms for age-groups 0—4, 5-9 and 10-14 years
Sex, Term for gender

Region, Terms for region (or centre group)

Year, Term for linear trend across the ten years

Poisson regression models were used to study differences in
incidence rates between regions and to investigate trends in in-
cidence rate. Models with terms for gender, age-group (04,
5-9 and 10-14 years), region and calendar year were fitted.
These models provided a test for comparing incidence rates in
the regions that took account of possible differences in the
age and sex structure of the population. They also provided a
test for linear trends within regions that took account of any
changes in the age/sex structure of the population during the
period of the study. Tests for departure from linear trend were
also obtained. Further models incorporating interaction terms
were used to test for differences in the linear trends between
the regions, between the sexes and between the three age-
groups. Likelihood-ratio chi-square tests were used to com-
pare the fit of nested models and to provide a test of signifi-
cance for the last term added to the model. Models were fitted
using the SAS GENMOD procedure [14].

Roger’s test was used for the analysis of seasonality at first
insulin injection, grouping the cases as described above and ad-
justing for variations in the length of months by transforming
the observations to months of equal length of 365/12 days [15].

Results

Average Annual Incidence Rates. A summary of the
information for each of the 36 participating centres
is provided in Table 1. The number of children with

Age - Sex, Terms for the interaction between age-group and
gender

b Basemodel = Constant + Age + Sex + Age - Sex + Regi-
on + Age - Region + Sex - Region + Age - Sex - Region

Type I diabetes, the standardised average annual inci-
dence rate and the estimated completeness of ascer-
tainment are shown. The rates of completeness were
high with all but four centres achieving over 95%.
The rates varied from 3.6 cases per 100 000 person-
years in Macedonia to 43.9 cases per 100 000 in the
Finnish centre. Overall, the incidence rates were
high in Northern and North Western Europe and
low in Central, Southern and Eastern Europe. How-
ever, Sardinia was a notable exception to this pattern
with a much higher rate than any neighbouring coun-

try.

Analysis of trends in incidence rates. Estimates of
trends in the incidence rate by region are shown in
Table 2. When pooled over regions, the overall risk
ratio per annum was 1.032 (95 %-CI 1.027, 1.037) giv-
ing an overall annual rate of increase of 3.2 % (95 %-
CI 2.7%, 3.7%). The corresponding age-specific in-
creases were 4.8% (3.8%, 59%), 3.7% (2.9%,
45%) and 2.1% (1.4%, 2.8%) for children in the
age-groups 0-4, 5-9 and 10-14, respectively. The in-
crease was particularly high in Central Eastern Eu-
rope whereas there was no statistically significant in-
crease in Sardinia and Northern Europe (except Fin-
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Fig.1. Trends in age-specific incidence rates for boys and girls,
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Fig.2. Seasonality at first insulin injection by age-group
(pooled analysis for all centres). * p < 0.001 for seasonality

land). Central Western Europe was the only region in
which there was evidence of non-linearity in the inci-
dence trend over the period, with the annual rates
suggesting a rapid initial increase during the first
half of the period followed by a levelling off in the
rate during the second half.

The results of fitting Poisson regression models to
the entire dataset are summarised in Table 3. Prelim-
inary model fitting confirmed that there were statisti-
cally significant differences in incidence rate between
regions. A base model incorporating terms for age,

A.Green: Incidence of childhood diabetes in Europe 1989-1998

Girls
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sex and region was therefore fitted to allow for differ-
ences in age-specific and sex-specific rates from re-
gion to region. Models specifying different patterns
of linear trend were then obtained by adding terms
to the base model. The test of the overall trend in in-
cidence rate (shown in the second line of Table 3) is
highly significant, however, as suggested by Table 2,
with a significant difference in the trends between re-
gions (Table 3, third line). There is also evidence of a
difference in the trends between age groups (Table 3,
fourth line), while there is no evidence that the trends
differed between boys and girls (fifth line of Table 3),
or that the differences in trends between age-groups
depended on gender (Table 3, final line). Although
even the most complex models showed some lack of
fit, an adjustment for extra-Poisson variation in the
regression model did not alter the conclusions. The
age-specific annual rates pooled across centres are
displayed for boys and girls within age-groups in Fig-
ure 1. Whereas the relative increase was highest for
the younger age-groups, the absolute increase was
roughly similar in the three age-groups.

Analysis of seasonality at first insulin injection. The
date of first insulin injection was known for all cases.
The seasonality of first insulin injection followed a si-
nusoidal pattern for all three age groups (Fig.2).
There was, however, more marked seasonality with
increasing age (test of homogeneity between age-
groups: y° = 46.48, df = 4, p < 0.001). The correspond-
ing amplitudes of oscillation were +/-8,7%, +/
-19.8% and +/-24.9% for the age-groups 0-4, 5-9
and 10-14 years, respectively. The trend was similar
for boys and girls and for all regions (data not shown).
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Discussion

This 10-year analysis using standardised procedures
confirms our previous findings that the range in inci-
dence rate of childhood diabetes within Europe is
greater than tenfold [1, 6]. Such a magnitude of varia-
tion does not seem to be able to be explained by ge-
netic differences, because Europeans (except for
some outlying populations) are relatively homoge-
neous compared with the aborigines of other conti-
nents [16]. Furthermore, the rapid increase in inci-
dence is probably not explicable in terms of shifts in
the frequency of susceptibility genes but is probaly at-
tributable to changes in environmental factors. The
longer registration period has made it possible to
study the incidence trends in detail. Overall, the inci-
dence of childhood Type I diabetes in Europe is cur-
rently increasing at a rate of about 3%, as has also
been suggested in a recent literature review [4]. How-
ever, high-risk regions such as Sardinia and Northern
Europe, excluding Finland, seem to have reached a
plateau in incidence whereas Central Eastern Europe
is currently experiencing a particularly rapid in-
crease. It is tempting to speculate that factors associ-
ated with societal development could act as precipita-
tors of childhood Type I diabetes, at least in some
populations. Our results confirm that the increasing
incidence is of particular concern for the youngest
age-group. However, this only applies when increases
in incidence are considered on a relative scale since
the absolute increases in incidence are rather similar
for all three age-groups.

This analysis of Type I diabetes confirms the well-
known pattern of seasonality at diagnosis. Because
of the very large number of children included in this
study it has been possible to demonstrate that chil-
dren in the youngest age-group have a similar season-
al pattern to that of children in the older age-groups.
However, our data also indicates an age effect, with
most marked seasonality in children in the 10-14-
year age-group.

Continuous monitoring, using standardised proce-
dures, will add to our knowledge of the geographical
distribution and trends in incidence of Type I diabetes,
thus providing the foundation for in-depth studies to
test specific hypotheses and so gain a better under-
standing of the causes and pathogenesis of the disease.
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