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Is the incidence of type 1 diabetes in children and adolescents
stabilising? The first 6 years of a National Register
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Abstract The Irish Childhood Diabetes National Register
(ICDNR) was established in 2008 to define accurately the
incidence and monitor the epidemiology of type 1 diabetes
(T1D) in the Irish population. Here, we report data from the
first 6 years of the National Register and compare with previ-
ous national data. Prospective national incident data regarding
T1D in those under 15 years resident in Ireland were collected
from 2008 to 2013 and national incidence rates (IRs) calculat-
ed. Ascertainment completeness was assessed using capture-

recapture methodology. The period identified 1566 new cases
of T1D, ascertainment reached 96.8 % in 2013. The
standardised incidence rate was 27.5 in 2008 stabilising at
28.7 and 28.8 cases /100,000/year in 2012 and 2013. There
was no evidence that the incidence changed significantly in
the 6-year period either overall or for each age group and
gender. There was evidence of a difference in the incidence
of T1D across the age groups with the overall incidence
highest in the 10–14 year age category. A strong seasonal
association was demonstrated.

Conclusions: This study confirms Ireland as a high-
incidence country for type 1 diabetes whilst demonstrating
that the previous marked increase in IR from 16.3 cases/
100,000/year in 1997 has not continued. Ongoing monitoring
through the robust mechanism of the ICDNR is required to
clarify whether this is a fluctuation or if the incidence of T1D
diabetes has stopped rising in our population. Alternatively,
this apparent stabilisation may reflect a shift to a later age at
diagnosis.

BWhat is known:^
• The incidence of Type 1 diabetes (T1D) is increasing in most popula-
tions worldwide although in certain high-incidence populations, it may
be stabilising

• There was a marked increase in T1D in Ireland between 1997 and 2008
• T1D incidence increases with affluence

BWhat is New:^
• The high incidence of T1D in Ireland has been confirmed at 28.8 cases/
100,000/year in 2013 and has been effectively stable in the period
2008–2013

• Incidence is highest in Irish 10–14 year olds
• Changes in incidence possibly reflecting life style and economic climate
• Marked seasonality of diagnosis confirmed
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Abbreviations
GDP Gross domestic product
ICDNR The Irish Childhood Diabetes National Register
IRs Incidence rates
PCRS Primary Care Reimbursement Service
ROI Republic of Ireland/Ireland
SJH/
AMNCH

St. James Hospital and the Adelaide and Meath
Hospital incorporating the National Children’s
Hospital

T1D Type 1 diabetes

Introduction

Diabetes in childhood is associated with serious medical and
psychosocial complications; many of which can be prevented
by good metabolic control [3, 27]. However, good metabolic
control requires considerable multidisciplinary care [18, 19]
which is resource intensive. In conditions of economic restraint,
in which the majority of healthcare systems operate, careful
targeting of these scarce resources is crucial to optimise disease
outcomes. Robust reliable information is required to inform these
decisions, and monitoring the epidemiology of incident type 1
diabetes is essential for effective service planning and appropriate
resource allocation. This requires a national register with a robust
information base [20].

The incidence of type 1 diabetes in childhood and adoles-
cence is considered an important national health indicator by
the World Health Organisation (WHO). The incidence of type
1 diabetes in childhood and adolescence has been increasing
internationally in the majority of centres and in Europe has
increased over a 20-year period (1989–2008) by approximate-
ly 3–4 % per annum [17].

There is marked international variation in the incidence of
type 1 diabetes with almost a 600-fold difference between
high- and low-incidence countries worldwide [26]. The inci-
dence is highest in Europe and those of European descent with
a marked north south gradient [15]. Finland has the highest
incidence of type 1 diabetes in the world with a peak of 64.9
cases/100,000/year in 2006 [7] and amongst the lowest inci-
dence at 2.37 and 3.1 cases/100,000/year is found in Asia [11,
29]. The incidence of diabetes has been subject to ongoing
monitoring with regional and more rarely national diabetes
registries since the 1990s with the World Health
Organisation DIAMOND project [5] and more latterly by
the Eurodiab collaboration [13].

A robust national study undertaken in 1997 noted for the
first time that Ireland had a high incidence of type 1 diabetes at
16.3 cases/100,000/year [22]. In order to confirm the disease
incidence, prospectively monitor the epidemiology of this im-
portant disease in the Irish population and support healthcare
planning, the Irish Childhood Diabetes National Register
(ICDNR) was established in January 2008 [20]. The aim of

this study is to report the incidence data of the first 6 years of
the Irish Childhood Diabetes National Register and examine
trends in incidence in the Irish population.

Methods

National prospective recording of incident cases of type 1
diabetes under the age of 15 years, resident within the
Republic of Ireland (ROI) at diagnosis and diagnosed by a
physician was commenced on January 1, 2008 with the estab-
lishment of the Irish Childhood Diabetes National Register
(ICDNR). The case definition was similar to that of the
Diabetes Mondiale-Diamond study [28] and the earlier 1997
study [22]. All 20 paediatric centres nationally caring for those
with diabetes prospectively notified cases, which were subse-
quently confirmed and additional information provided.

The degree of completeness of ascertainment was esti-
mated using capture-recapture methodology [12, 28]. This
was confirmed by a second source of identification pro-
vided by the central government agency, the Primary Care
Reimbursement Service (PCRS) which finances care for
those with diabetes. Further detail regarding the method-
ology of the ICDNR has been previously published [21].
Ascertainment rates for the primary source (the ICDNR)
were calculated to provide a measure of the ability of the
ICDNR to detect incident cases of diabetes in the
population.

Data were recorded on a wide range of clinical and
sociodemographic characteristics including age, gender, birth
history, birth order, ethnicity, geographical location, parental
occupation, family history and clinical presentation. All par-
ticipants are on insulin therapy.

Data were analysed using SPSS 22. Confidence intervals for
rates were derived using Stata version 12 and for standardised
rates using the normal approximation to the binomial using
Microsoft Excel. The direct method of standardisation was
employed, using the common standard population, to permit
comparison of incidence rates internationally and over time [4].
The common standard population assumes equal numbers in
each of the age groups 0–4.9, 5–9.9 and 10–14.9 years for each
sex.

Ethical approval for the ICDNR was granted by the SJH/
AMNCH Joint Research Ethics Committee in accordance with
the Declaration of Helsinki.

Results

Participation rate

In the 6-year period (2008–2013), 1566 (816 male/750
female) incident cases of type 1 diabetes were notified.
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All centres nationally caring for children with diabetes
participated in the ICDNR and notified incident cases.
The overall participation rate in the ICDNR, the propor-
tion of incident cases identified who consent to join the
Register, was 98.4 % over the 6 years (2008–2013) with
no significant difference between years (Fisher’s exact
test, F = 8.67; p = 0.104). There were only 25 non-
par t ic ipants over the 6-year per iod; however,
anonymised baseline information was available on all
notifications for inclusion in incidence rate calculations.
Reasons for non-participation in the Register include
emigration, non-national status, inability to obtain con-
sent despite numerous reminders or where a child is in
the care system.

Ascertainment rates

Annual ascertainment rates for the ICDNR were 66.3, 75.4,
73, 95.1,95.4 and 96.8 % in the period 2008–2013.

Age and gender

The average age at diagnosis over the years ranged from 7.92
to 8.93 years and overall was 8.4 years (SD of 3.9). The ratio
of male to female cases was 1.1:1, but this was not significant
(χ2 = 2.78, df = 1, p = 0.1).

Incidence rates

The crude incidence rates, which document the actual experi-
ence of the population regarding the number of new cases per
year, ranged from 25.2 in 2008 to 28.4 cases/100,000/year in
2013. Age- and sex-category specific rates for the period are
shown in Table 1, Fig. 1.

Poisson regression was used to examine the effects of age,
gender and year on the age- and sex- category specific rates over
the years. Each of the independent variables was treated as a
categorical variable. The interactions between each of the three
variables was also examined. There was no evidence of any
interactions between any pair of variables, and there was no

Table 1 Age- and sex-specific incidence rates of type 1 diabetes per year (2008–2013)

Sex and age category Category specific incidence rates per 100,000 by age and sex (95 % confidence intervals) and incident cases (n)

2008 2009 2010 2011 2012 2013

Male 0–4 years

Incidence rate 20.5 19.2 17.5 14.3 16.7 20.9

95 % CI (14.2–28.6) (13.2, 27.0) (11.9, 24.8) (9.3, 20.9) (11.3, 23.7) (14.9, 28.6)

Cases (n) 34 33 31 26 31 39

Male 5–9 years

Incidence rate 28.8 31.5 34.8 23.9 31.9 28.9

95 % CI (21.0, 38.5) (23.4, 41.6) (26.3, 45.2) (17.0, 32.6) (23.9, 41.7) (21.3, 38.1)

Cases (n) 45 50 56 39 53 49

Male 10–14 years

Incidence rate 38.5 26.8 27.6 40.8 44.1 38.0

95 % CI (29.1, 50.1) (19.1, 36.5) (19.9, 37.3) (31.3, 52.2) (34.3, 55.8) (29.0, 49.0)

Cases (n) 56 40 42 63 69 60

Female 0–4 years

Incidence rate
95 % CI
Cases (n)

17.1
(11.3,24.8)

27

19.5
(13.4, 27.6) 32

14.2
(9.1, 21.1) 24

21.8
(15.4, 30.0) 38

8.4
(4.7, 13.9) 15

22.9
(16.4, 31.0) 41

Female 5–9 years

Incidence rate 28 26.9 26.7 37.1 33.4 29.4

95 % CI (20.2, 37.9) (19.3, 36.6) (19.1, 36.2) (28.2, 48.0) (25.0, 43.7) (21.7, 39.0)

Cases (n) 42 41 41 58 53 48

Female 10–14 years

Incidence rate 31.9 31.9 32.6 33.4 37.6 32.4

95 % CI (23.2, 42.8) (23.2, 42.6) (24.0, 43.4) (24.7, 44.2) (28.4, 48.8) (24.0, 42.9)

Cases (n) 44 45 47 49 56 49

95 % confidence intervals parentheses with number of incident cases
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evidence of differences between years and genders. However,
there was a significant difference between the age groups
(χ2 = 109.42, df = 2 p < 0.001). This effect did not depend on
gender and year as mentioned above. The age difference sug-
gested that the rate for age 5–9 age band was between 1.49 and
1.94 times higher than the rate for the 0–4 age group, and the rate
for the 10–14 age group was between 1.72 and 2.23 times higher
than the rate for the 0–4 age group (see Fig. 1).

Standardised incidence rates, which correct for underlying
changes in the population structure and permit comparison of
incidence rate internationally and over time, were calculated.
There were minor fluctuations during the 6-year period of the
Register; the standardised incidence rates (95 % confidence in-
tervals) were 27.5 (24.0, 30.9); 26.0 (22.7, 29.3); 25.6 (22.3,
28.8); 28.6 (25.2, 31.9); 28.7 (25.3, 32.1) and 28.8 (25.4, 32.1)
cases/100,000/year respectively from 2008 to 2013. The
standardised incidence rate was effectively unchanged between
2012 and 2013 (Fig. 2).

Month of diagnosis

There was no difference between years in the monthly pattern
of diabetes onset (χ2 = 65.43, df = 55, p = 0.158). The highest
number of cases across all years were diagnosed in January,
with diagnosis in the winter months of November, December
and January being the most common (χ2 = 47.97, df = 11,
p < 0.0001 (Fig. 3).

Discussion

Monitoring the epidemiology of incident type 1 diabetes is
essential for service provision, resource allocation, disease
monitoring and audit. National registries, such as the
ICDNR, provide a robust information base on which to make
informed health planning decisions.

The previous 1997 study of national incidence, which used
the same methodology, demonstrated that type 1 diabetes in-
cidence was higher than expected in Irish children at 16.3/
100,000/year, thereby establishing Ireland as a high-
incidence country [22]. The ICDNR demonstrates that this
high incidence has been maintained. In addition, there has
been a substantial increase in incidence when compared with
this first study where the standardised incidence rate (SIR) of
type 1 diabetes increased from 16.3 to 27.5 cases/100,000/
year between 1997 and 2008 [21]. There have been marked
changes in lifestyle, family structure and medical care in
Ireland over the last 20 years. Childhood infectious diseases
have decreased, increased vaccinations are provided and med-
ication use has increased. Increasing affluence has been asso-
ciated with changed behaviours, particularly relating to diet
and activity for children and adults. However, this increased
SIR appears to have stabilised in the period 2008–2013 at this
higher rate, with a SIR of 28.8/100,000/year in 2013.

The ascertainment rate of the ICDNR was falsely low in the
early years of the Register due to innacuracies in the secondary
case identification source (PCRS). This suspicion was confirmed
by a further study using the local health offices as a secondary
source of case identification; these local offices take reports from
the treating hospitals and provide the information to the PCRS.
Using these data from the local health offices, the ICDNR ascer-
tainment levels were 88.9, 96.9 and 100 % compared with 66.3,
75.4 and 73 % when using PCRS data alone in the years 2008–
2010 and 92.2 % in the period 2008/2009, which has been pre-
viously published [21]. Through ongoing collaboration with the
PCRS and further rounds of verification, the ascertainment level
of the ICDNR continues to improve. The ascertainment rate of
the ICDNR is high, maintained at over 95% since 2009 [21] and
has improved to 96.8% in 2013. Thus, this apparent stabilisation
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of incidence rates is not due to reduced ascertainment (which if
anything has improved). That the incidence has remained rela-
tively stable over the first 6 years of the ICDNRdespite improved
ascertainment may suggest a stabilisation in incidence rates and
that whatever environmental agent(s) that prompted the increase
in the late 1990s/early 2000s has now passed. A number of other
studies have described an association between increasing afflu-
ence and rising incidence rates [8, 14]. Ireland experienced a
period of sustained economic prosperity, evidenced by rising
gross domestic product (GDP) from 1995 until 2007; thereafter,
GDP fell and the country entered a period of recession and aus-
terity, with GDP only returning to 2007 levels in 2014 [10]. It is
interesting that Ireland experienced an increase in incidence from
1997 during its BCeltic tiger^ years of economic prosperity and a
slowing or stabilisation of incidence at a time when the economy
has contracted (or GDP has fallen). Ireland would be expected to
be a high-incidence country, considering its ethnicity and geo-
graphical location and that this high incidence has been main-
tained is not surprising. While it would not be expected that
diabetes incidence rates would follow the fall in GDP so closely,
a prompt increase in incidence rates was also be noted in the Irish
population between 1997 and 2008 when GDP was rising.

It is possible that this apparent stabilisation in the incidence
of T1D in childhood and adolescence could merely reflect a
shift to a later presentation. Unfortunately, similar to many
other countries, there are no data available regarding the inci-
dence of type 1 diabetes in those aged over 15 years or in
young adults in Ireland. Monitoring of type 1 diabetes inci-
dence across the lifespan would be required to address this
issue and be ideal; however, ascertainment would be particu-
larly challenging.

Other centres, such as Finland, Norway and Sweden, are
suggesting that type 1 diabetes may have stabilised in their
populations also [1, 7, 23]. However, there is concern that the
time frame in these studies or the analysis is not sufficient to
draw such a conclusion [26]. Previous studies by Patterson
et al. in their evaluation of 23 Eurodiab centres over a 20-
year period demonstrate that increases in IRs are not uniform
over time [17] and it is thought demonstrate 4–6 year cycles
[9, 17]. The change in the Irish population may reflect a fluc-
tuation in incidence rates as experienced in other centres rather
than a true stabilisation in incidence rates. However, it is too
early to say. To confirm if the incidence of type 1 diabetes has
stopped rising in the Irish childhood population or if the
changes in IR represent merely a fluctuation [26], ongoing
monitoring through the robust mechanism of the ICDNR is
required.

The ICDNR is acceptable to clinicians, patients and their
families with all centres participating and returning data;
98.4 % of incident cases consented to join the National
Register over the first 6 years. The participation rate has in-
creased since the Register was commenced remaining high in
2013 at 99.3 %.

The total number of new cases of type 1 diabetes diagnosed
annually in those aged under 15 years increased each year. There
were 248 cases in 2008 and by 2013, this had increased to 286.

Themean age at diagnosis ranges from 7.92 to 8.93 years and
overall was 8.4 years. The highest incidence was in the 10–
14 year age group, followed by the 5–9 year age group and the
lowest in 0–4 year age group. We found the change relative to
baseline in new cases of diabetes to be similar across the age
groups. This is unlike other reports which have described the
highest relative increase in the under 5’s [13, 6, 25]. However,
we have not found this and the numbers of children being diag-
nosed in the 0–4 year age band do not appear to be increasing as
rapidly as European research predicted to date [13].

Our results are similar to many centres, including Germany
and Norway, which have also found that there are more children
diagnosed in the older 10–14 age category [6, 13, 23]. The onset
of diabetes in the adolescent years can be particularly challenging
for young people and their families [2]. Additional resources are
required to manage diabetes in this vulnerable age group.
Teenagers already experiencing the normal challenges of adoles-
cence when faced with a new diagnosis of type 1 diabetes can
have difficulties in a number of areas, such as interacting with
healthcare services, glycaemic control, adherence to treatment
regimens, mental health and psychosocial issues which require
an alternative approach and additional supports. In the Irish pop-
ulation, resources should now be directed to the care of those in
the older age groups, where diabetes can be particularly
challenging.

There is a slight but not significant excess of males which
varies by year, and this is similar to reports from other high-
incidence countries who note a slight but not significant excess
of males under 15 years.

The highest number of cases were diagnosed in January and
in the winter months of November and December. This season-
ality in the onset of type 1 diabetes is well recognised [16, 24].
Recognition of the seasonality of diagnosis can help inform ser-
vice delivery decisions.

Conclusions

The first 6 years of the ICDNR have confirmed the high inci-
dence of type 1 diabetes in the Irish population which has been
maintained and appears to have stabilised in the period 2008–
2013. The Incidence is highest in the 10–14 year age group.
Ongoing monitoring through the robust mechanism of the
ICDNR is required to confirm if this stabilisation is merely a
fluctuation in the disease incidence in the Irish population and
whether the incidence will remain stable or increase.
Monitoring of disease incidence across the lifespan while
technically challenging would be ideal to prove whether the
disease incidence is changing or merely a shift in the age of
diagnosis. Continued monitoring of the numbers of newly

Eur J Pediatr (2016) 175:1913–1919 1917



diagnosed children with type 1 diabetes annually is important
to inform health planning, tailor resources to target the needs
of specific groups and support audit. New methods to prevent
this important disease are required as all previous trials to date
have failed.
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