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Abstract
Aims/hypothesis The aim of this study was to assess the association between all-cause mortality and sex, age at diagnosis
and year of diagnosis in Norwegian patients with childhoodonset diabetes.
Methods The study was based on the nationwide, populationbased Norwegian Childhood Diabetes Registry, which includes all newly diagnosed cases of childhood-onset diabetes
at age 0–14 years in 1973–1982 and 1989–2012 (n=7,884).
Patients were followed until date of death, emigration or 30
September 2013.
Results Among the 7,884 patients, representing 132,420 person-years, 249 (3.2%) died during a mean follow-up of 16.8
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(range 0.0–40.7) years. The standardised mortality ratio
(SMR) for the total cohort was 3.6 (95% CI 3.1, 4.0), increasing by attained age. Absolute mortality was significantly lower in females than in males (HR 0.50 [95% CI 0.38, 0.65]),
although the SMRs were similar. Cox regression analysis
showed a significant decrease in mortality of 49% (HR 0.51
[95% CI 0.28, 0.93]) for those diagnosed in 1999–2012 compared with those diagnosed in 1973–1982 (p=0.03).
Conclusions/interpretation In spite of improved diabetes
care, mortality is still three to four times higher in those with
childhood-onset diabetes compared with the general population in Norway. However, absolute mortality has declined
among children diagnosed most recently (1999–2012) compared with those diagnosed in the earliest period (1973–1982).
Keywords Childhood-onset diabetes . Cohort study .
Mortality . Type 1 diabetes
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Despite advances in treatment, type 1 diabetes is still associated with a considerable risk of premature mortality, resulting
from both acute and chronic complications [1–6]. Mortality
varies markedly between countries, and there are indications
that countries with a lower incidence of type 1 diabetes have
higher absolute and relative mortality compared with high
incidence countries [7–9]. For instance, long-term mortality
in Finland, a high incidence country (standardised mortality
ratio [SMR] 3.7), was lower than in Japan, a low incidence
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country (SMR 12.9) [8]. A recent publication from Japan confirms that relative mortality remains high (SMR 10.7) at
35 years of follow-up [10]. Along with Finland and Sweden,
Norway has one of the highest incidences of childhood-onset
type 1 diabetes in the world [11]. SMR was 3.6 in a recent
Finnish study assessing mortality in a nationwide, populationbased cohort of childhood-onset (<15 years) diabetes covering
the period 1970–2007 [4].
Diabetes treatment has improved markedly during the last
three decades, with self-monitoring of blood glucose, multiple
daily injection regimens, new technology such as insulin
pumps and continuous glucose monitoring, and improved
treatment of acute and long-term complications [12–15]. Several studies have reported decreasing mortality rates in longterm follow-up of cohorts diagnosed during the 1960s and
1970s [5, 8, 16–18]. A newly published systematic review
assessing mortality in type 1 diabetes documented less marked
excess mortality in more recent studies [19]. A recent Scottish
study estimated a lower life expectancy compared with that of
the general population [20]. Long-term follow-up of patients
with type 1 diabetes in the Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) showed a modestly lower mortality
rate in those initially receiving intensive therapy compared
with those receiving conventional therapy [21], and a Swedish
register study reported that the risk of mortality increased with
increasing HbA1c [22]. Two previous studies from Norway
have shown that mortality in childhood-onset type 1 diabetes
diagnosed in 1973–1982 was elevated compared with that in
the general population; however, these studies included no
information about trend in mortality [1, 2].
The aim of this study was to assess the association between
all-cause mortality and sex, age at diagnosis and year of diagnosis in patients with childhood-onset diabetes in a nationwide, population-based cohort in Norway, covering the period
1973–2013.

Methods
Subjects and study design The study is based on data from
the nationwide, population-based Norwegian Childhood Diabetes Registry (NCDR) [23–25]. The current analysis includes
two nationwide cohorts of 7,884 individuals with newly diagnosed childhood-onset diabetes (54% males, 46% females)
during 1973–1982 and 1989–2012, followed to 2013
(Fig. 1). Data were not collected nationwide in the period
1983–1988; this period was therefore excluded from the
study. The mortality of individuals diagnosed during 1973–
1982 was published by Joner and Patrick [1] and Skrivarhaug
et al [2]; in the present study the same cohort was followed for
a further 10.7 years, representing 82 new deaths (Fig. 1). The
mortality of individuals diagnosed in 1989–2003, followed
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until December 2005, was published as part of the
EURODIAB study [3]. These individuals have now been
followed to 30 September 2013. Mortality data for those diagnosed during 2004–2012 have not been published. In Norway all children diagnosed with type 1 diabetes are referred to
a hospital paediatric department. Since the NCDR was
established in 1989 all paediatric departments have reported
newly diagnosed cases based on informed consent; the ascertainment level of NCDR is high (Fig. 1) [23, 25]. Data on new
incident cases in 1973–1982 were registered retrospectively
using identical methods, for the two 5 year periods, in 1978
(1973–1977) and 1984 (1978–1982) [23]. Type 2 diabetes
diagnosed between 0 and 14 years of age is infrequent in
Norway. According to data from the NCDR, patients with
type 2 diabetes represent less than 1% of children and adolescents treated in paediatric departments [26]. For the purposes
of this study all individuals aged <15 years at diagnosis and
treated with insulin from the date of diagnosis were classified
as having type 1 diabetes according to EURODIAB criteria
[3]. Since 2002, patients in the NCDR have been screened for
monogenic diabetes. Monogenic diabetes accounts for less
than 2% of patients in this age group [27]. We excluded all
individuals who were likely to have type 2 diabetes and those
known to have monogenic diabetes. Survival or emigration
status was determined as of 30 September 2013, by linking
the NCDR database to the National Population Register.
Data analysis We used Stata version 13 (StataCorp LP, College Station, TX, USA) and SPSS version 21.0 (SPSS, Chicago, IL, USA) for data handling and analyses. The follow-up
period for each patient was calculated from the date of the first
insulin injection to the date of death, emigration or 30 September 2013, whichever occurred first. The diagnosis period
was split into three time periods, 1973–1982, 1989–1998 and
1999–2012, to assess temporal trends in mortality risk up to
14 years after diagnosis. We estimated the cumulative mortality (probability of death) by years from diagnosis as 1 minus
the Kaplan–Meier estimator. When comparing survival curves
we used the logrank test. We also used years since diagnosis as
the timescale in Cox regression models to estimate unadjusted
and adjusted HRs with 95% CIs for the association between
mortality and age at diagnosis, sex and time periods. Mortality
in the study cohort was compared with mortality in the general
population in Norway by estimating SMR and mortality rate
differences. SMRs were calculated by attained age as the ratio
of the observed to the expected number of deaths using mortality rates in the general Norwegian population. Since the age
composition of the three periods of diagnosis cohorts are different, and SMR differs by attained age, we estimated ageadjusted SMRs with 95% CIs for the three cohorts by first
stratifying by 10 year attained age groups in each cohort,
and then pooling the stratum-specific SMRs using inverse
variance weights (Mantel–Haenszel method). We tested for
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Fig. 1 Flow chart illustrating the
patients included in the study and
the study design. Vital and
emigration status for all was
ascertained up to 30 September
2013 by register linkage of the
NCDR to the National Population
Register via a unique
identification number.
a
Ascertainment level >98% [23]
b
Ascertainment level 92% [25]
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All patients with type 1 diabetes,
age at diagnosis <15 years and
calendar periods specified below
n=7,897

Excluded those with missing
data or error in identification
(not matched for follow-up)
n=13

Diagnosed in 1973–1982
n=1,896
Retrospectively ascertained in
1978 and 1984a
Mean diabetes duration at end of
follow-up 34.1 years
(range 0.0–40.7)

Diagnosed in 1989–1998
n=1,949
Prospectively ascertained in
NCDRb
Mean diabetes duration at end of
follow-up 19.2 years
(range 0.03–24.7)

Diagnosed in 1999–2012
n=4,039
Prospectively ascertained in
NCDRb
Mean diabetes duration at end of
follow-up 7.5 years
(range 0.04–14.7)

Dead 185 (9.8%)
Mean age at death 32.6 years
(range 0.8–51.8)
Emigrated 24 (1.3%)

Dead 48 (2.5%)
Mean age at death 23.3 years
(range 1.8–36.9)
Emigrated 33 (1.7%)

Dead 16 (0.4%)
Mean age at death 16.3 years
(range 5.2–26.0)
Emigrated 28 (0.7%)

significant trends over attained age and period of diagnosis,
before and after mutual adjustment, using Poisson regression
models with number of deaths as the dependent variable and
loge(number of expected deaths) as the offset. Mortality rates
in 1 year age groups for each sex and each calendar year from
1973 to 2013 were obtained from Statistics Norway (www.
ssb.no/en, accessed 1 April 2014). The time each patient spent
within each age band and calendar year contributed to the total
person-years (data obtained using the stsplit command in
Stata). A significance level of 5% was used. The study protocol was approved by the regional ethics committee.

Results
Among the 7,884 patients, representing 132,420 person-years,
249 (3.2%) died (174 [4.1%] males and 75 [2.1%] females)
during a mean follow-up of 16.8 (range 0–40.7) years (Fig. 1).
Mean age at diagnosis was 8.8 (range 0.09–14.99) years.
Mean age at death was 29.9 (range 0.8–51.8) years and was
similar for men and women. The highest attained age during
follow-up was 55 years. The composition of the three diagnosis cohorts was very similar regarding sex and age at diagnosis. The youngest person who died was diagnosed with diabetes at the age of 2 months, used insulin from diagnosis, and
died at the age of 9 months. There were two deaths within
2 weeks of diabetes diagnosis, and five deaths within the first
year. All deaths, including the two deaths close to the date of
diagnosis, were included in the analysis.

Absolute mortality The overall mortality rate in the diabetes cohort was 1.88 per 1,000 person-years (95% CI
1.66, 2.13) (Table 1). The mortality rate was significantly higher in males than in females (2.44/1,000 vs 1.22/
1,000; rate ratio 2.00; 95% CI 1.52, 2.61; p <0.001).
The mortality rate was also higher in individuals aged
10–14 years at diagnosis compared with those aged 0–
9 years at diagnosis (2.57/1,000 vs 1.36/1,000; rate ratio
1.90; 95% CI 1.47, 2.43; p<0.001). Similar results were
obtained in Kaplan–Meier analyses (Fig. 2b, c) and Cox
regression models (Table 1) of the associations between
mortality and sex and age at diagnosis.
Estimated cumulative mortality according to diabetes
duration was 1.5% (95% CI 1.3%, 1.8%) at 15 years,
4.5% (95% CI 3.7%, 5.2%) at 25 years, and 9.1%
(95% CI 7.9%, 10.3%) at 35 years (Fig. 2a). The 14 year
cumulative mortality in the 1973–1982, 1989–1998 and
1999–2012 diagnosis cohorts was 2.0% (95% CI 1.4%,
2.6%), 1.5% (95% CI 0.9%, 2.1%) and 1.0% (CI 95%
0.4%, 1.6%), respectively (Fig. 2d). There was a significant, decreasing trend in mortality (logrank test for
trend, p= 0.018) over the three time periods (Fig. 2d).
Cox regression analysis showed a significant decrease
in mortality of 49% for those diagnosed in 1999–2012
compared with those diagnosed in 1973–1982 (Table 1).
The overall mortality rate during the first 14 years of
follow-up was significantly lower for patients diagnosed
in 1999–2012 compared with patients diagnosed in
1973–1982 (0.53/1,000 vs 1.33/1,000; rate ratio 0.40;
95% CI 0.22, 0.72; p<0.01).
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Table 1 SMRs, mortality rates (per 1,000 person-years) and HRs in 7,884 patients with type 1 diabetes diagnosed before 15 years of age between 1973
and 2012
HR, adjusteda,
95% CI

p value*

Variable

Person-years

Observed deaths

Mortality rate

SMR,
95% CI

Overall
Attained age, years
0–9
10–19
20–29
30–39
≥40
Males
Females

132,420

249

1.88

3.6 (3.1, 4.0)

15,943
53,865
34,947
19,137
8,528
71,211
61,209

6
45
73
74
51
174
75

0.38
0.83
2.09
3.86
5.98
2.44
1.22

2.1 (1.0, 4.7)
2.6 (2.0, 3.5)
3.2 (2.5, 4.0)
4.7 (3.8, 6.0)
4.4 (3.4, 5.8)
3.5 (3.0, 4.0)
3.8 (3.0, 4.7)

1 (ref.)
0.50 (0.38, 0.65)

<0.001

102
147

1.36
2.57

3.2 (2.6, 3.9)
3.9 (3.3, 4.6)

1 (ref.)
1.86 (1.45, 2.40)

<0.001

185

2.86

3.8 (3.2, 4.4)b

48
16

1.28
0.53

2.7 (1.9, 3.6)b
2.2 (1.0, 3.5)b

1 (ref.)
0.79 (0.55, 1.14)
0.51 (0.28, 0.93)

0.20
0.03

Age at diagnosis, years
0–9
75,193
10–14
57,227
Diagnosis period
1973–1982
64,647
1989–1998
1999–2012

37,494
30,279

a

Sex, age at diagnosis and diagnosis period are included simultaneously in the regression model, with time since diagnosis as the time variable; adjusted
and unadjusted HRs were very similar (unadjusted HRs not shown)

b

Adjusted for attained age

*

p value for adjusted HRs. Test for trend over diagnosis periods up to 14 years after diagnosis in adjusted Cox regression, p=0.025

Mortality relative to the general population in Norway
Mortality in the entire cohort was 3.6 times higher than mortality in the general population in Norway (95% CI 3.1, 4.0).
When stratified by 10 year age groups, SMRs increased by
increasing attained age and were significantly elevated in all
10 year age groups (Table 1 and Fig. 3a). SMRs for men and
women were similar overall (3.5 and 3.8 for men and women,
respectively) and in all 10 year age groups (Table 1 and

b
Probability of death

Probability of death

a
0.15
0.10
0.05
0
0

10

20

30

0.15
0.10
0.05
0
0

40

Time since diagnosis (years)

10

20

30

40

Time since diagnosis (years)

d
Probability of death

c
Probability of death

Fig. 2 Cumulative mortality in
7,884 patients with type 1
diabetes diagnosed before
15 years of age between 1973 and
2012. (a) With 95% CI. (b) By
sex, p<0.001. Dashed line, males;
solid line, females. (c) By age at
diagnosis, p<0.001. Solid line,
age at diagnosis 10–14 years;
dashed line, age at diagnosis
0–9 years. (d) By time period of
diagnosis, p=0.018. Dotted line,
1973–1982; dashed line, 1989–
1998; solid line, 1999–2012.
p values in (b) and (c) were
calculated using the logrank test;
in (d) the logrank test, test for
trend

Fig. 3b). The SMR for patients diagnosed at 10–14 years
was not significantly different from that for patients diagnosed at 0–9 years (3.9 vs 3.2). This result did not
change when we stratified the analyses by 10 year age
groups and sex (Table 1 and Fig. 3c). The SMRs
showed a declining tendency from 3.8 to 2.2 over the
three time periods of diagnosis (Table 1, Fig. 3d); however, this was not statistically significant.
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a

b
SMR (95% CI)

SMR (95% CI)

8
6
4
2
0

8
6
4
2
0

0−9

10−19 20−29 30−39

≥40

0−9

c

≥40

d
8

8

SMR (95% CI)

SMR (95% CI)

10−19 20−29 30−39

Attained age (years)

Attained age (years)

6
4
2

6
4
2
0

0
0−9

10−19 20−29 30−39

≥40

Attained age (years)

1973−1982 1989−1998 1999−2012

Calendar period of diagnosis

Fig. 3 SMRs in 7,884 patients with type 1 diabetes diagnosed before
15 years of age between 1973 and 2012 presented in 10 year age groups
and by calendar period of diagnosis. (a) Overall. (b) By sex. Black
squares, males; black diamonds, females. (c) By age at diagnosis. Black
squares, 0–9 years; black diamonds, 10–14 years. (d) For each calendar

period of diagnosis. Because of the difference in SMR by attained age and
the difference in the distribution of attained age in the three cohorts in (d),
the SMRs were additionally adjusted for attained age using the Mantel–
Haenszel method

Finally, we estimated the absolute mortality rate difference
for men and women by subtracting the mortality rate of the
general population in Norway, with the corresponding age and
calendar time, from the mortality rate of the diabetic population. For men we estimated 17 extra deaths per 10,000 personyears at risk, and for women we estimated nine extra deaths
per 10,000 person-years at risk. The highest risk difference
was in the age group ≥40 years, for which men had an estimated 69 extra deaths per 10,000 person-years at risk and
women had an estimated 25 extra deaths per 10,000 personyears at risk. Absolute mortality rates with 95% CIs for males
and females in our cohort and in the general population in
Norway, stratified by calendar periods, are shown in electronic
supplementary material (ESM) Fig. 1a–d.

the subjects such as HbA1c. Also, when assessing mortality
trends, a limitation was the short follow-up time and small
number of deaths in the most recently diagnosed cohort. This
emphasises the importance of long-term follow-up to ascertain
trends in mortality. Another limitation could be the fact that
incidence data for the diagnosis period 1973–1982 were collected retrospectively in the early 1980s. However, the ascertainment level of this cohort was high, suggesting that this
most likely did not affect the results [23].
It is difficult to compare mortality between countries and
study populations. Methods, study populations, length of follow-up, and mortality in the background population tend to
differ across studies. A recent systematic review of excess
mortality in type 1 diabetes diagnosed in childhood and adolescence found no relationship between a country’s incidence
of diabetes and SMRs [19]. The SMR in our cohort is very
similar to that in a Finnish cohort of childhood-onset diabetes
(SMR 3.6) [4]. It was shown in a Norwegian publication that
for those diagnosed between 1973 and 1982 the SMR was 4.0
after a mean diabetes duration of 24 years [2]. This was similar
to what we found when the cohort was followed for a further
10 years (Table 1) and was consistent with findings from other
studies where SMRs tended to increase with attained age up to
approximately 30–40 years [6, 16, 22, 29]. For women, the
maximum SMR in our study occurred around the same time as
that in a Danish study [16], but about 10 years later than was
found in two studies from the UK [6, 29]. The increase in
SMR by attained age might reflect that the development of
chronic diabetic complications, such as cardiovascular disease, resulted in high mortality rates in our cohort compared

Discussion
Our key finding was that the mortality of individuals with
childhood-onset diabetes was 3.6 times higher than that of
the general population in Norway. Another novel finding
was a significantly decreasing trend in absolute mortality up
to 14 years after diagnosis during 1973–2013.
One of the main strengths of this study is that it is a large,
population-based, nationwide cohort study with a high degree
of ascertainment and long follow-up. The cohort represents a
quite homogenous population of almost exclusively ethnic
Norwegians with good access to a public healthcare system
[26, 28]. The main limitation of our study is that we did not
have information on the causes of death or clinical data from
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with the general population [2, 29, 30]. However, several
studies have shown that mortality relative to the general population decreases after the age of 40–50 years [6, 29, 31, 32].
We had few patients above 50 years of age, so our results
cannot be generalised to mortality in an age group higher than
this.
Sex differences in mortality Our finding that absolute mortality was twice as high in male compared with female patients, while the SMR was similar, reflects higher mortality
in men compared with women in the general population. This
fact is in accordance with earlier published data from Norway
[2]. By assessing excess mortality as a risk difference, the
difference between the sexes remained substantial. Notably,
the literature has been inconclusive regarding the impact of
sex on both absolute and relative mortality. A recent systematic review compared all-cause mortality in women and men
with type 1 diabetes, reporting sex-specific SMRs or HRs
based on data from 26 studies. The review concluded that
women had a 40% excess risk of all-cause mortality and twice
the excess risk of fatal vascular events compared with men
[33]. This result was consistent across the year of study baseline and the duration of follow-up, but some of the diverging
results between studies could be explained by differences in
background mortality between the sexes. Hence, in studies in
which the mortality rate in women was similar to, or higher
than, mortality rates in men, there was a greater excess risk in
women than in men. This is in accordance with the results
from our study where the mortality rate in the background
population was substantially lower for women than for men
in these age groups, and the SMR was similar.
Age at diagnosis and mortality We analysed the impact of
age at diagnosis on mortality. Several studies have indicated
that the prepubertal years of diabetes may contribute less to
microvascular complications [34–36], but the opposite has
also been reported [37]. Although we did not have data on
pubertal status, we divided age at diagnosis into two groups
representing a rough categorisation into prepubertal (0–
9 years) and pubertal (10–14 years), as has also been done
in other recent publications [5, 36]. While cumulative mortality was significantly higher in those diagnosed at 10–14 years,
the SMR was not significantly different in the two groups
(SMR 3.2 vs 3.9). This may probably be explained by the fact
that those diagnosed at an older age have a systematically
higher age during follow-up: the mean age at the end of
follow-up in the group diagnosed at age 10–14 years was
29.1 vs 22.9 years for those diagnosed at age 0–9 years. These
findings are consistent with other studies from Finland and
Japan [4, 8].
Time trends in mortality Management of type 1 diabetes has
improved during recent decades, and guidelines are readily
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available. Multiple daily injection therapy and selfmonitoring of blood glucose were introduced in the 1980s.
Most patients in our cohorts have likely benefited from this,
but probably to a larger degree in those diagnosed more recently. Two recent studies have estimated the life expectancy
of patients with type 1 diabetes in the United States and Scotland. Both report lower life expectancy, but, although the results differ between the studies, they both report improvement
in life expectancy compared with earlier studies [20, 38]. We
demonstrated a declining trend in absolute mortality up to
14 years after diagnosis during 1973–2013. While the SMR
also tended to decrease over time, it is probably most relevant
to emphasise the absolute decline in mortality among patients
with type 1 diabetes, in this context with a very low and
declining mortality in the background population. Several
studies have reported temporal improvements in mortality
[4, 5, 32, 38]. However, studies differ in populations, diagnosis periods, duration of diabetes and age at diagnosis and this
makes it difficult to directly compare studies with each other.
Morgan et al showed that the excess mortality in type 1 diabetes diagnosed in childhood and adolescence was less
marked in more recent studies and in countries with lower
infant mortality and higher health expenditure, which suggests
potential explanations for the differences [19].
In conclusion, we have demonstrated that mortality in
childhood-onset diabetes is still considerably increased in
Norway and varies with attained age compared with that in
the general population. SMRs were similar in males and females, but excess mortality assessed by risk difference was
higher in men. We found a significantly decreasing trend in
absolute mortality up to 14 years of follow-up over the time
period of diagnosis.
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