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Research

logical studies have shown a high, and
rising, incidence of childhood T1DM in
the past two decades in Europe2-5 and
Australia.6,7 The incidence of T1DM in
New South Wales in children aged 0–14
years increased on average by 3.2% per
year from 1990–1996, with a doubling of
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ABSTRACT

Objectives:  To determine the incidence of childhood type 1 diabetes mellitus (T1DM) 
in New South Wales from 1997 to 2002; to compare with previously published rates 
(1990–1996); and to analyse trends in incidence from 1990 to 2002.
Design, setting and participants:  Prospective population-based incidence study. 
Primary ascertainment of incident cases aged < 15 years was from the Australasian 

iatric Endocrine Group NSW children’s diabetes register. Secondary ascertainment 
rom the National Diabetes Supply Scheme until 1999 and from the Australian 
ute of Health and Welfare thereafter. Childhood population data were obtained 
 the Australian Bureau of Statistics.
 outcome measures:  Age-standardised incidence; trends in incidence by 
dar year, and sex and age at diagnosis.

Results:  There were 3260 incident cases (1629 boys, 1631 girls) in the 13 years. Case 
ascertainment was 99.7% complete using the capture–recapture method. Mean age-
standardised incidence per 100 000 person-years was 20.9 (95% CI, 19.9 to 21.9) from 
1997 to 2002 compared with 17.8 (95% CI, 17.0 to 18.7) from 1990 to 1996; there was a 
plateau in incidence between 1997 and 2002. Overall, the incidence increased on 
average by 2.8% per year (95% CI, 1.9% to 3.8%, P < 0.001) and increased with age, 
being 12.2 (95% CI, 11.3 to 13.1) in 0–4 year olds; 18.9 (95% CI, 17.8 to 20.0) in 5–9 year 
olds and 26.7 (95% CI, 25.4 to 28.1) in 10–14 year olds. The increase per year in 0–4 year 
olds (3.9%) was not significantly higher than in older children. The mean incidence of 
T1DM was 19.8 (95% CI, 18.8 to 20.7) in girls and 18.8 (95% CI, 17.9 to 19.7) in boys 
(P = 0.02).
Conclusions:  The incidence of childhood-onset T1DM has increased significantly in all 
age groups in NSW since 1990. Resource planning in the management of childhood 
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diabetes in NSW should take these findings into account.
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 ldwide, the incidence of

ildhood type 1 diabetes mel-
us (T1DM) varies widely —

there is a more than 350-fold difference
between annual rates reported in Finland
(36.5/100000) compared with those in
China (0.1/100000).1 However, epidemio-

the incidence in children under 5 years of
age.6 This is consistent with several Euro-
pean studies in which the incidence of
T1DM increased predominantly in the
younger age groups.2,3 In contrast, in a
recently reported study from Western Aus-
tralia covering the period 1985–2002, the
incidence more than doubled, but there
was not a disproportionate increase in
younger children.7

The incidence of type 2 diabetes is also
increasing in childhood,8-10 and parallels
the significant rise in childhood obesity in
many Western countries including Aus-
tralia.11,12 It is possible that the obesity
epidemic is also a factor in the increased
incidence of T1DM, as it is widely
accepted that T1DM develops as a result of
environmental trigger(s) in genetically pre-
disposed individuals. In early childhood,
rapid growth in height and obesity are risk
factors for developing T1DM,13 and the
“accelerator hypothesis” predicts earlier
onset of T1DM in heavier children.14 In
line with the increasing rates of childhood

obesity in Australia,11,12 ongoing increases
in incidence of childhood T1DM and ear-
lier onset of disease may also be expected
in NSW.

Our aim was to determine the incidence
of T1DM in NSW for 1997–2002, evaluate
whether the previously described rise in
incidence in 1990–1996 has continued,6

and analyse epidemiological trends in age
and sex of children with T1DM over the
entire period (1990–2002).

METHODS

Ascertainment
Incident cases of T1DM have been ascer-
tained prospectively from 1990 by the
Australasian Paediatric Endocrine Group
(APEG) NSW children’s diabetes register,
as previously described.6,15 Secondary
ascertainment was from the National Dia-
betes Supply Scheme until 1999, and from
the Australian Institute of Health and Wel-
fare from 2000. The capture–recapture
method was used to determine complete-
ness of ascertainment, and data from all
ascertainment sources were included in
the analyses.16 Childhood population esti-
mates were based on census data obtained
from the Australian Bureau of Statistics.17
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Incidence

Annual incidence of T1DM was calculated
per 100000 person-years from 1990 to
2002. Age-standardised rates were calcu-
lated for the total number of patients (0–
14 years) using the direct method, assum-
ing an equal distribution of children in
each of the three age groups (0–4, 5–9 and
10–14 years). Age-specific incidence was
calculated for the three age groups in both
sexes.

Ethical approval

Informed consent was obtained from the
parents of children and adolescents
enrolled in the register, and the study was
approved by The Children’s Hospital at
Westmead and the South East Sydney eth-
ics committees.

Statistical analysis
Confidence intervals (CIs) were calculated
assuming a Poisson distribution. Poisson
regression models were used to analyse
incidences and to investigate trends in
incidence, with sex, age group and time
(calendar year) included in the models.
Models incorporating interaction terms
were used to test for differences in trends
between the sexes and the three age
groups; a significant interaction term indi-
cates that the trend in incidence between
the variables in the interaction is statisti-
cally significant. Likelihood ratio tests
were used to compare models and to test
for the significance of the last term added
to the model, and Poisson goodness-of-fit
tests were used to evaluate model fit.
Results are reported as rate ratios (95%
CIs). Independent t tests were used to
compare mean age of onset between the
sexes and over time. Statistical analyses
were performed using Stata, version 8.0
(StataCorp, College Station, Tex, USA).

RESULTS

Ascertainment

Primary ascertainment by the APEG register
found 93% of subjects. Overall ascertain-
ment using the two independent sources
and the capture–recapture method was esti-
mated to be 99.7% complete for the entire
study period.16 Based on this estimate, it is
expected that nine patients with T1DM were
missed by both sources of ascertainment
over the 13 years (1990–2002).

Incidence
From 1990 to 2002 inclusive, 3260 chil-
dren were diagnosed with T1DM (1629
boys and 1631 girls). The mean annual
incidence over the 13-year study period
was 19.3 per 100000 person-years (95%
CI, 18.6 to 19.9). The lowest annual inci-
dence was 14 per 100000 (95% CI, 12.0 to
16.2) in 1990, and the incidence peaked at

22.2 per 100000 (95% CI, 19.8 to 24.7) in
2001 (Box 1).

The age-standardised incidence for all
children aged 0–14 years during the two
study periods (1990–1996 and 1997–2002)
is shown in Box 2; the incidence increased
by 16.4% between the two study periods.
There was a plateau from 1997 to 2002,
with no significant increase in incidence

1 Annual incidence (95% CI) of type 1 diabetes in NSW children, 0–14 years 
(1990–2002)
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2 Mean annual age and sex-specific incidence of childhood type 1 diabetes in 
New South Wales and percentage increase per year

Mean annual incidence per 100000 
person-years (95% CI)

1990–1996 1997–2002

Percentage 
increase between 

the two study 
periods (based on 
rate ratio; 95% CI)

Mean 
percentage 
increase per 

year 1990–2002 
(based on rate 
ratio; 95% CI)Period

Boys

0–4 years 10.3 (8.7 to 12.0) 13.1 (11.2 to 15.2) 27.7 (3.0 to 58.4) 4.6 (1.6 to 7.7)

5–9 years 15.8 (13.9 to 17.9) 19.2 (17.0 to 21.7) 21.5 (2.1 to 44.6) 3.7 (1.3 to 6.2)

10–14 years 24.3 (21.8 to 26.9) 30.9 (28.0 to 34.0) 27.3 (10.6 to 46.4) 3.6 (1.6 to 5.5)

Total* 16.7 (15.6 to 18.0) 21.1 (19.7 to 22.6) 25.5 (13.9 to 38.4) 3.8 (2.5 to 5.2)

Girls

0–4 years 11.7 (10.0 to 13.5) 14.2 (12.2 to 16.4) 21.8 (− 1.2 to 50.1) 3.3 (0.4 to 6.3)

5–9 years 19.9 (17.7 to 22.4) 21.0 (18.6 to 23.6) 5.2 (− 10.7 to 24.0) 1.6 (− 0.6 to 3.9)

10–14 years 25.5 (23.0 to 28.3) 26.5 (23.8 to 29.5) 4.0 (− 10.2 to 20.5) 1.4 (− 0.6 to 3.4)

Total* 19.0 (17.7 to 20.3) 20.6 (19.2 to 22.1) 8.0 (− 2.0 to 19.0) 1.9 (0.6 to 3.2)

Boys and girls

0–4 years 10.9 (9.8 to 12.2) 13.6 (12.3 to 15.1) 24.6 (7.3 to 44.8) 3.9 (1.8 to 6.0)

5–9 years 17.8 (16.3 to 19.4) 20.1 (18.4 to 21.8) 12.6 (− 0.04 to 26.9) 2.6 (1.0 to 4.3)

10–14 years 24.9 (23.1 to 26.8) 28.8 (26.8 to 30.9) 15.6 (4.5 to 27.9) 2.5 (1.1 to 3.9)

Total* 17.8 (17.0 to 18.7) 20.9 (19.9 to 21.9) 16.4 (8.7 to 24.7) 2.8 (1.9 to 3.8)

* Age-standardised incidence. ◆
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over this time; however, for the 13-year
study period the incidence increased on
average by 2.8% per year (rate ratio, 0.028;
95% CI, 0.019 to 0.038), after adjusting for
age group and sex (Box 2).

Age group
The mean annual incidence for the 13-year
study period in the three age groups was 12.2
per 100000 (95% CI, 11.3 to 13.1) in 0–4
year olds, 18.9 per 100000 (95% CI, 17.8 to
20.0) in 5–9 year olds, and 26.7 per 100000
(95% CI, 25.4 to 28.1) in 10–14 year olds.
The peak annual incidence was 38.0 per
100000 (95% CI, 30.5 to 46.9) in boys 10–
14 years in 2001. Compared with the young-
est age group, the incidence was significantly
higher in 5–9 year olds (rate ratio, 1.50; 95%
CI, 1.31 to 1.72) and 10–14 year olds (rate
ratio, 2.36; 95% CI, 2.08 to 2.68).

The incidence of T1DM by age group and
sex over the two study periods, and average
annual increase per year, are shown in Box 2.
The incidence increased in all age groups,
and the rise in 0–4 year olds (3.9%) was not
significantly higher than in the other age
groups. The mean age (SD) of onset was
unchanged between the two study periods:
8.9 (3.9) years from 1990–1996 and 8.8
(4.0) years from 1997–2002 (P = 0.8).

Sex
The mean annual incidence for the 13-year
study period was 18.8 per 100000 (95% CI,
17.9 to 19.7) in boys and 19.8 (95% CI,
18.8 to 20.7) in girls. After adjusting for age
group and year, the incidence was signific-
antly higher in girls (P = 0.02) over the
entire study period, but the difference was
not significant (P = 0.6) comparing girls with
boys in the second study period alone. The
incidence increased in both sexes (Box 2),
and the average annual increase was signific-
antly higher in boys (3.8% v 1.9%, P =
0.046). There was no difference in the
average increase in boys compared with girls
when the two study periods were analysed
separately. Mean annual incidence varied
with age in both sexes and peaked at 32.8
per 100000 (95% CI, 28.2 to 37.9) in girls
aged 11 years and 32.3 per 100000 (95%
CI, 27.8 to 37.3) in boys aged 13 years
(Box 3). Mean age (SD) of onset of diabetes
was earlier in girls: 8.7 (3.8) years compared
with 9.1 (4.1) years in boys (P = 0.005).

DISCUSSION
The incidence of childhood T1DM has
increased significantly in NSW since 1990,

with an apparent plateau of about 21 per
100000 person-years since 1995. The inci-
dence was significantly higher in girls (19.8 v
18.8 per 100000) and peaked in girls earlier
than in boys (11 v 13 years); however, no sex
differences were found in the second study
period. The incidence increased significantly
in both sexes and in all age groups, without a
disproportionate rise in children aged 0–4
years. The incidence was significantly higher
in the age groups 5–9 and 10–14 years,
compared with the youngest age group.

The accuracy of incidence estimates from
disease registers may be affected by incom-
plete ascertainment or misclassification,
resulting in under- or overestimation of inci-
dence. In our study, ascertainment was over
99% complete, indicating that very few cases
would have been missed by the two inde-
pendent sources of ascertainment. The com-
pleteness of ascertainment has not changed
since the establishment of the NSW register
in 1990;6,15 it is in keeping with previous
reports from WA,7 and it fulfils recommenda-
tions for diabetes incidence registers as part
of the World Health Organization Multi-
national Childhood Diabetes (DiaMond)
Project.18 It is also unlikely that misclassifica-
tion contributed to the observed increase in
incidence. The diagnosis of T1DM in the
APEG NSW diabetes register and the
National Diabetes Supply Scheme is certified
by a doctor or diabetes educator, minimising
the possibility of misdiagnosis, and alterna-
tive diagnoses include type 2 diabetes or
“other diabetes”. Furthermore, most children

and adolescents with newly diagnosed diabe-
tes in NSW are tested for diabetes-associated
autoantibodies, confirming the diagnosis of
T1DM.19,20 Increased recognition of cases of
type 2 diabetes9 and the establishment of a
register for childhood type 2 diabetes in
NSW8 are also likely to have minimised
misclassification bias.

The average annual increase of 2.8% per
year is less than that reported in NSW from
1990–1996,6 and less than that in WA where
incidence increased by 3.1% per year from
1985–2002.7 The increase in incidence was
significant only in the first half of the 1990s.
It is possible, however, that the more recent
plateau in incidence represents a temporal
variation in incidence and that the change in
incidence over the 13-year period gives a
better indication of longer term trends.
Indeed, epidemiological data from popula-
tions with a similar overall incidence to NSW,
and study periods as long as, or longer than,
that reported here demonstrate a consistently
rising incidence of T1DM,2,7,21 suggesting
that the NSW trend will continue.

Based on arbitrarily defined groupings
used to analyse global incidence of T1DM,1

the incidence in NSW would now be classi-
fied as “very high”, along with other popula-
tions with previously published annual
incidences of at least 20 per 100 000 includ-
ing those in WA, Finland, Sardinia, Canada,
Norway, Aberdeen (United Kingdom) and
Canterbury (New Zealand).1,22,23

The female sex bias in T1DM incidence in
NSW, apparent in the first half of the 1990s,

3 Mean age-specific incidence (95% CI) of type 1 diabetes in NSW boys and 
girls, 0–14 years (1990–2002)
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was not sustained in the second study period.
In the recent report from WA (1985–2002),
there was a trend for a higher incidence in
girls (17.3 v 15.6 per 100000), which did not
reach statistical significance (P= 0.1).7 A
trend to higher T1DM incidence in girls has
been reported in populations with low rates
of T1DM, such as South America, Africa and
southern Europe, while a male excess has
been reported in many European populations
with a high incidence.1,24 We speculate that
the absence of a significant male sex bias in
the incidence of T1DM in NSW may be
related to the ethnic diversity of the NSW
population, associated with a lower rate of
high-risk HLA genotypes, in comparison with
European countries, and a subtype of virus-
induced T1DM.20

The highest rates of T1DM were found in
the 10–14 year age group, in line with other
published studies.4 The average rise in
annual incidence appeared to be higher in
the youngest age group (3.9% per year in
0–4 year olds), although this did not reach
statistical significance. In contrast to recent
reports of a greater rise in the youngest age
group and a significant lowering in the age
of diabetes onset,3,5 the increase in NSW has
been uniform across all ages, as was the case
in WA over a similar time period.7

These trends in diabetes incidence are
more likely to be related to environmental
factors rather than changes in the popula-
tion prevalence of genetic susceptibility,
because the increase has occurred over a
relatively short period of time.21 Entero-
viruses have been associated with the onset
of T1DM20,25 and pre-diabetes,26,27 and
reduced maternal immunity to enteroviruses
has been suggested as a cause of the rising
incidence.28 In many of the populations
with the highest incidence of T1DM, child-
hood overweight and obesity are also on the
rise, and the prevalence of overweight is
increasing in children at onset of T1DM.29

Higher rates of insulin resistance in children
may lead to β-cell fatigue and destruction,
the end-point being increasing rates of
childhood T1DM. Although these are only
associations and do not prove causality, it is
possible that these trends are linked.

The rising incidence of childhood diabetes
in NSW, in keeping with international data,
suggests new or increasing exposure to cer-
tain triggers in at-risk populations. Prospec-
tive studies in Australia investigating the role
of cow’s milk protein and viruses as early
triggers of β-cell autoimmunity may provide
valuable insight into the effect of environ-
mental factors on diabetes incidence.

Identifying incidence trends allows
appropriate resource planning for the
ongoing needs of these children and their
families. The ongoing collection of epidemi-
ological data in NSW and throughout Aus-
tralia will demonstrate whether the recently
observed plateau is a short-term temporal
variation or a true stabilisation in the inci-
dence of childhood diabetes.
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