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OBJECTIVE

To study long-termmortality, causes of death, and end-stage renal disease (ESRD)
in people diagnosed with type 1 diabetes at age 15–29 years.

RESEARCH DESIGN AND METHODS

This nationwide, population-based cohort with type 1 diabetes diagnosed during
1978–1982 (n = 719) was followed from diagnosis until death, emigration, or
September 2013. Linkages to the Norwegian Cause of Death Registry and the
Norwegian Renal Registry provided information on causes of death and whether
ESRD was present. A clinical committee reviewed the causes of death. We calcu-
lated standardized mortality ratios (SMRs) for comparison with the background
population.

RESULTS

During 30 years’ follow-up, 4.6% of participants developed ESRD and 20.6% (n =
148; 106 men and 42 women) died. Cumulative mortality by years since diagnosis
was 6.0% (95% CI 4.5–8.0) at 10 years, 12.2% (10.0–14.8) at 20 years, and 18.4%
(15.8–21.5) at 30 years. The SMR was 4.4 (95% CI 3.7–5.1). Mean time from di-
agnosis of diabetes to ESRD was 23.6 years (range 14.2–33.5). Death was caused
by chronic complications (32.2%), acute complications (20.5%), violent death
(19.9%), or any other cause (27.4%). Death was related to alcohol in 15% of cases.
SMR for alcohol-related death was 6.8 (95% CI 4.5–10.3), for cardiovascular death
was 7.3 (5.4–10.0), and for violent death was 3.6 (2.3–5.3).

CONCLUSIONS

The cumulative incidence of ESRD was low in this cohort with type 1 diabetes
followed for 30 years. Mortality was 4.4 times that of the general population, and
more than 50% of all deaths were caused by acute or chronic complications. A
relatively high proportion of deaths were related to alcohol.

Studies assessing causes of death in type 1 diabetes are most frequently conducted in
individuals diagnosed during childhood (1–7) or without evaluating the effect of age at
diagnosis (8,9). Reports on causes of death in cohorts of patients diagnosed during late
adolescence or young adulthood, with long-term follow-up, are less frequent (10). This
period in life is often referred to as “emerging adulthood” and is represented by several
changes in life, increasing risk behaviors, and exploration of possible life directions (11).
Young people move away from the care provided by their families. Transition from
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pediatric to adult health care frequently
poses challenges (12). Adherence to
treatment during this age is poor and
the risk of acute diabetic complications
is high (13–16). Mortality may differ
between those with diabetes diagnosed
during this period of life and those di-
agnosed during childhood. A large Finn-
ish study focusing on mortality among
early-onset (0–14 years) and late-onset
(15–29 years) type 1 diabetes reported
deteriorating survival and an increasing
proportion of deaths from acute dia-
betic complications in late-onset type 1
diabetes since the 1980s (10).
The aim of this study was to assess

mortality, causes of death, and incidence
of end-stage renal disease (ESRD) in a
population-based, nationwide cohort di-
agnosed with type 1 diabetes during
1978–1982, at age 15–29 years, and fol-
lowed to 2013.We linked high-quality na-
tionwide registries to obtain the causes of
death and the incidence of ESRD. A clini-
cal committee reviewed the causes of
death by evaluating clinical records. To
our knowledge this is the only study
with long-term follow-up among patients
diagnosed in this age range and that
uses a clinical review committee in addi-
tion to registry data.

RESEARCH DESIGN AND METHODS

Subjects and Study Design
The cohort was population-based and
national, comprising individuals diag-
nosed with type 1 diabetes between
15 and 29 years of age, in 1978–1982
(n = 719). The cohort was collected ret-
rospectively in 1988–1990 by contacting
all medical and pediatric departments in
Norway, and through the nationwide
National Insurance Institution. The as-
certainment of the cohort, based on two
independent sources, was estimated to
87.8% (17). The cases were classified as
type 1 diabetes according to EURODIAB
criteria (18). The cohort represented a ho-
mogenous population, comprising almost
exclusively ethnic Norwegians with good
access to a public health care system (19).
The cohort consisted of 784 cases in
1991 but was reduced during a cleaning
process to 719 cases in this study. Dupli-
cates were deleted (n = 30) and cases that
were not identifiable in the National Pop-
ulation Registry (n = 7), did not consent to
be in the diabetes registry (n = 3), did not
have type 1 diabetes (n = 11), or had an
incorrect original date ofdiagnosis (n =14)

were removed. The follow-up period for
each patientwas calculated from the date
of the first insulin injection to the date of
death, emigration, or 30 September 2013.
Survival and emigration status were de-
termined by linking the study cohort to
the National Population Registry using
participants’ unique national personal
identification numbers.

Causes of Death
We obtained causes of death by linking
to the Norwegian Cause of Death Regis-
try. This national registry bases its infor-
mation on death certificates and autopsy
reports. In Norway doctors are required
to complete death certificates. In 1986
around 18% of all peoplewho died in Nor-
way were autopsied, decreasing to only
8.3% in 2010 (20). To assess excess
mortality comparedwith the general pop-
ulation in Norway, we calculated cause-
specific standardized mortality ratios
(SMRs) based on the ICD-10 code for the
underlying cause of death (violent death,
including accidents and intoxications
[V01–V99, W00–X59, X4n, F10.0–F19.0],
suicides [X60–X84], cancer [C00–C97],
cardiovascular disease [CVD; I00–I99], is-
chemic heart disease [I20–I25], and cere-
brovascular disease [I60–I69]). If the
underlying cause of death was “diabetes”
(E10.0–E10.9, except E10.5, which was
classified as cardiovascular death), we
examined the other ICD codes listed on
the death certificate since we know that
“diabetes”might reflect both acute and a
variety of long-term complications. If an
ICD code indicating cardiovascular death
was identified anywhere on the death cer-
tificate, the casewas definedas cardiovas-
cular death. If no other causes (ICD codes)
were listed, the case was excluded from
the SMR analysis. SMRs for acute diabetic
complications were not estimated be-
cause death due to hypoglycemia and
diabetic ketoacidosis (DKA) occurs al-
most exclusively in individuals with
type 1 diabetes. We calculated SMRs for
alcohol-related deaths (ICD-10 codes
E24.4, F10.0, F10.2, F10.4, F10.7, G31.2,
G62.1, G72.1, I42.6, K29.2, K70, K86.0,
Q86.0, X45, X65, Y15) in two ways: based
on the underlying cause of death and
based on all ICD codes listed on the death
certificate. During the periodof this study,
the ICD codes in use were either ICD-8,
ICD-9, or ICD-10. All codeswere translated
into ICD-10 codes.

A clinical committee comprising two
diabetologists (V.G., T.S.) reviewed the
causes of death in detail by considering
all death certificates, medical journals,
autopsy reports, and police reports
available. We obtained the medical re-
cords by contacting regional and local
hospitals, the doctors signing the death
certificates, or the general practitioners.
The review committee grouped the
causes of death as follows:

1. Acute complications: include DKA
and hypoglycemia. DKA was diag-
nosed by autopsy or in the hospital
before death occurred. Death was at-
tributed to hypoglycemia if blood
glucose near time of death indicated
hypoglycemia or if it was implied by
other circumstances and signs.

2. Chronic complications: include deaths
from renal failure and all cardiovascu-
lar deaths, subdivided as death from
ischemic heart disease, cerebrovascu-
lar disease and all other CVDs, and
other diabetes complications. Cases
were classified as renal death if renal
disease was considered the primary/
immediate cause of death.

3. Violent death: subdivided as fatal ac-
cidents, intoxications, and suicides.

4. Other, non-diabetes-related deaths: all
other causes of death, including infec-
tions not related to diabetes, any form
of cancer, and sudden, unexplained
deaths. The committee looked for
cases of “dead-in-bed,” defined as in-
dividuals without a history of long-
term complications, observed to be in
good health the day before, but found
dead in an undisturbed bed and for
whomtheautopsywasnot informative
(21). We tried to identify factors that
might have contributed to death. A
particular focus was on deaths related
to alcohol or drug abuse, defined by
ICD-10 codes in accordance with the
definition used by the Norwegian Insti-
tute of Public Health (20). The commit-
tee also classified the causes of death
in relation to diabetes: “diabetes-
related deaths” (diabetes caused or
was a major contributor to death) or
“non-diabetes-related deaths” (death
was not related to diabetes or the
relation was uncertain).

The Norwegian Regional Committee
for Research Ethics approved the study
protocol (reference no. 2012/1939). The
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director of public prosecutions gave per-
mission to review the forensic autopsy
reports, including police reports.

End-Stage Renal Disease
To estimate the cumulative incidence of
ESRD causedby diabetic nephropathy,we
linked to the Norwegian Renal Registry;
this registry includes data on all patients
in Norway receiving renal replacement
therapy for chronic renal failure since
1980 and has high degree of ascertain-
ment (22). We also assessed cumulative
mortality among individuals with ESRD.

Data Analysis
We used Stata software version 13
(StataCorp LP, College Station, TX) for
data handling and analyses. We esti-
mated the cumulative mortality by years
from diagnosis of type 1 diabetes using
Kaplan-Meier analysis. Differences be-
tween curves were tested by the log-rank
test. We also used years since diagnosis as
the time scale in Cox regression models to
estimate unadjusted and adjusted hazard
ratios (HRs) for the association between
mortality, sex, and ESRD. ESRD was han-
dled as a time-varying covariate. The vari-
ables were included simultaneously in the
regressionmodel.Weassessed cumulative
incidence of ESRD by years from diagnosis
of type 1 diabetes using Kaplan-Meier
analysis; we also analyzed the data when
considering death as a competing risk
(stcompet and stcrreg functions in Stata).
SMRs were calculated, based on age at-
tained and sex, as a ratio of the observed
to the expected number of deaths. All-
cause mortality rates in one calendar
year and age groups for each sex were
obtained from Statistics Norway, and
cause-specific mortality rates in 5-year pe-
riods and age groups for each sex were
obtained from the Norwegian Cause of
Death Registry. Mortality rates among
the general population were obtained for
the period 1978–2012. Each patient con-
tributed to the total person-years the time
they spent within each age band and cal-
endar period. A significance level of 5%
was used in all analyses.

RESULTS

All-Cause Mortality
Among the cohort of 719 individuals,
20.6% (n = 148; 25.4% of men and 13.9%
of women) died during a mean follow-up
of 29.6 years (Table 1). The overall mortal-
ity rate was 6.96 per 1,000 person-years;
the risk of mortality in women was about

half that of men (HR 0.5; 95% CI 0.4–0.8;
P, 0.001). Cumulative mortality by years
since diagnosis was 6.0% (95% CI 4.5–8.0)
at 10 years, 12.2% (95% CI 10.0–14.8) at
20 years, and 18.4% (95% CI 15.8–21.5) at
30 years (Supplementary Fig. 1). Mortality
was between four and five times higher
than in the general population (SMR 4.4;
95% CI 3.7–5.1). The excess mortality was
similar for men (SMR 4.5; 95% CI 3.8–5.5)
and women (SMR 3.9; 95% CI 2.9–5.3).
SMR was higher in the lower age
bandsd6.7 (95% CI 3.9–11.5) at 15–24
years and 7.3 (95% CI 5.2–10.1) at 25–34
yearsdcompared with the higher age
bands: 3.7 (95%CI 2.7–4.9) at 45–54 years
and 3.9 (95% CI 2.6–5.8) at 55–65 years
(Supplementary Fig. 2). The Cox regression
model showed that the risk of death in-
creased significantly by age at diagnosis
(HR 1.1; 95% CI 1.1–1.2; P , 0.001) and
was eight to nine times higher if ESRD
was present (HR 8.7; 95% CI 4.8–15.5;
P, 0.0001).

Causes of Death
In two cases the cause of death was miss-
ing from the Norwegian Cause of Death
Registry. According to that registry, of the
remaining 146 cases the underlying cause
of death was diabetes in 57 individuals
(39.0%), circulatory in 22 (15.1%), cancer
in 18 (12.3%), accidents or intoxications in
20 (13.7%), suicide in 8 (5.5%), and any

other cause in 21 (14.4%) (Supplementary
Fig. 3). In addition, diabetes contributed to
death in 29.5% (n = 43) and CVD contrib-
uted to death in 10.9% (n = 29) of the
146 cases. Diabetes was mentioned on
the death certificate for 68.2% of the
cohort but for only 30.0% of the violent
deaths. An autopsywas performed in 51%.

The clinical committee reviewed
death certificates in all cases, medical
records in 82%, medical autopsy reports
in 19%, forensic autopsy reports in 32%,
and police reports in 27%. Among those
who died in a hospital (n = 59), medical
records from terminal admission were
available in 56 cases. Among those
who did not die in a hospital (n = 87) an
autopsy was performed in 50 cases
and medical records were obtained in
63 cases. The medical records were ei-
ther from previous visits or admissions
to the hospital (n = 19), clinical notes
by the doctor who certified death and
wrote the death certificate (n = 4), or a
combination of the two (n = 40). All
autopsy reports were available. In 5%
(n = 8; six cancers, one accident, and
one case of meningitis), the only source
of information was the death certifi-
cate; in all these cases, however, the
death certificate was considered to be
of high quality and additional informa-
tion was not necessary. The clinical
committee reclassified the cause of

Table 1—Demographic characteristics of 719 individuals with type 1 diabetes,
diagnosed at age 15–29 years, in Norway, 1978–1982

Total Men Women

Participants 719 (100) 417 (58.0) 302 (42.0)

Age at diagnosis (years) 22.4 (15.0–29.9) 22.5 (15.1–29.9) 22.4 (15.0–29.9)

Duration of diabetes (years) 29.6 (0.05–35.8) 28.6 (0.15–35.8) 31.0 (0.05–35.8)

Age at end of follow-up (years) 52.0 (17.1–64.9) 51.0 (17.1–64.9) 53.4 (17.8–64.6)

Follow-up (person-years) 21,271.7 11,913.2 9,358.5

Mortality
Dead* 148 (20.6) 106 (25.4) 42 (13.9)
Emigrated 15 (2.1) 9 (2.2) 6 (2.0)
Mortality rate (per 1,000

person-years) 6.96 (5.90–8.15) 8.90 (7.32–10.72) 4.49 (3.28–6.01)

ESRD
Participants who developed

ESRD 33 (4.6) 22 (5.3) 11 (3.6)
Incidence rates of ESRD

(per 1,000 person-years) 1.57 (1.11–2.20) 1.87 (1.23–2.84) 1.18 (0.65–2.14)
Time from diagnosis of

diabetes to ESRD (years) 23.6 (14.2–33.5) 23.4 (14.2–33.5) 24.0 (16.9–31.5)
Deceased participants who

had ESRD 14 (9.5) 8 (7.5) 6 (14.3)

Data aren (%) ormean (range), unless otherwise indicated. *Mean HbA1c was 9.00% (77mmol/mol),
but HbA1c was available in only 26.0% (n = 38) of the deceased and is probably not representative
of the cohort.

40 Causes of Death in Type 1 Diabetes Diabetes Care Volume 40, January 2017

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/40/1/38/519626/dc161213.pdf by guest on 19 M

ay 2023

http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-1213/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-1213/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-1213/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-1213/-/DC1


death in 71 cases. All cases with diabe-
tes listed as the underlying cause of
death were reclassified (n = 57): 33.3%
(n = 19) to DKA, 14.0% (n = 8) to hypo-
glycemia, 33.3% to chronic complica-
tions (CVD, n = 16; renal death, n = 3),
1.8% (n = 1) to suicide, 1.8% (n = 1) to
cancer, and 15.8% (n = 9) either to other
causes not related to diabetes or to sud-
den, unexplained deaths. Among the
57 cases with diabetes as the underlying
cause of death, the ICD-10 code E10.9
(diabetes without complications) was
used without any additional codes in
11 cases; 10 of these were classified as
acute complications when reviewed by
the clinical committee. The clinical com-
mittee classified death as caused by hy-
poglycemia in an additional two cases;
one was originally noted with CVD on
the death certificate, the other with vio-
lent death. One male fulfilled the criteria
of dead-in-bed; he also had epilepsy.
Cause-specific mortality rates are pre-
sented in Supplementary Table 1.

Diabetic Complications

In 60% (88/146) of the cases the review
committee considered death to be related
to diabetes, whereas in 40% (58/146)
the cause was unrelated to diabetes or
had an unknown relation to diabetes. Ac-
cording to the clinical committee, acute
complications caused death in 20.5% (30/
146) of the cases; 20 individuals died as a
result of DKA and 10 from hypoglycemia.
Among deaths attributed to DKA, an au-
topsy was performed in 15 cases and hos-
pital records from terminal admission
were available in 5 cases. The proportion
of deaths due to acute complications was
lower in the higher age bands (Fig. 1). The
risk of death due to acute complications
was lower in women compared with men
(borderline significant; HR 0.47; 95% CI
0.21–1.02; Supplementary Table 1).
Chronic complications caused the largest
proportion of deaths (47/146; 32.2%) and
increased with increasing duration of di-
abetes (Fig. 1). Among individuals dying
as a result of chronic complications (n =
47), CVD caused death in 94% (n = 44) and
renal failure in 6% (n = 3). ESRD contrib-
uted to death in 22.7% (10/44) of those
dying from CVD. Cardiovascular death oc-
curred at mortality rates seven times
higher than those in the general popula-
tion (Table 2). ESRD caused or contributed
to death in 13 of 14 cases, when present.
The mortality rate for renal death was

0.14 (95% CI 0.05–0.43) per 1,000 per-
son-years (Supplementary Table 1). How-
ever, if including all 13 cases inwhich renal
diseasewas the immediate or contributing
cause of death, the mortality rates were
0.61 (95% CI 0.34–1.02) per 1,000 person-
years (0.58 [95% CI 0.26–1.16] in men and
0.64 [95% CI 0.26–1.33] in women).
Among individuals with ESRD (n = 14),
71.4% (n = 10) died of CVD, 21.4% (n = 3)
from renal failure, and 7.1% (n = 1) from
cancer. The three individuals dying be-
cause of renal failure all hadCVD, although
CVD did not contribute to death.

Violence (intoxications, accidents, and
suicides) was the leading cause of death
before10years’durationofdiabetes; there-
after it was only a minor cause (Fig. 1).
Insulin was used in two of seven suicides.
The risk of violent death was significantly
lower among women compared with men
(HR 0.05; 95%CI 0.01–0.35; Supplementary
Table 1). Only one woman died due to
violence. Mortality rates were signifi-
cantly elevated compared with the
general population (Table 2).

Alcohol-Related Death

According to the available medical records
and autopsy reports, about 20% (29/146)
of the deceased misused alcohol. In 15%
(22/146) alcohol-related ICD-10 codes
were listed on the death certificate
(18% [19/106] of men and 8% [3/40] of
women). In 10 cases the cause of death

was uncertain but considered to be re-
lated to alcohol or diabetes; otherwise
the cause of death was DKA (n = 5), hypo-
glycemia (n = 1), suicide (n = 2), alcoholic
liver cirrhosis (n=3), or renal failure (n=1).
An autopsy had been performed in
13 cases. The SMR for alcohol-related
deathwas highwhen considering the un-
derlying cause of death (5.0; 95% CI 2.5–
10.0), and even higher when considering
all alcohol-related ICD-10 codes listed on
the death certificate (6.8; 95% CI 4.5–
10.3). The cause of death was associated
with alcohol in 21.8% (19/87) of thosewho
died with less than 20 years’ diabetes du-
ration. Drug abusewas notedon thedeath
certificate in only two cases.

End-Stage Renal Disease
During follow-up, 33 individuals (4.6%;
22 men and 11 women) developed ESRD
as a result of diabetic nephropathy. Mean
time from diagnosis of diabetes to ESRD
was 23.6 years (range 14.2–33.5 years).
Cumulative incidence of ESRD by years
since diagnosis of diabetes was 1.4%
(95% CI 0.7–2.7) at 20 years and 4.8%
(95% CI 3.4–6.9) at 30 years. There was
no significant difference between men
and women (Fig. 2). The Kaplan-Meier es-
timate and themodel handling death as a
competing risk gave very similar results
(data not shown). Incidence of ESRD by
years after diagnosis of type 1 diabetes
was 2.91 per 1,000 person-years (95% CI

Figure 1—Causes of death by years since diagnosis of diabetes in 146 individuals with type 1
diabetes diagnosed between 15 and 29 years of age, assessed by a clinical review committee.
Percentages are displayed in the bar diagram. Age at death ranged from 17 to 63 years. *“Other
causes” include death by cancer and sudden, unexplained deaths.
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1.83–4.62) at 15–24 years and 3.05 per
1,000 person-years (95% CI 1.80–5.14) at
25–34 years. In total, 51% (95% CI 33–72)
died within 10 years after diagnosis of
ESRD (Supplementary Fig. 4).

CONCLUSIONS

This study highlights three important
findings. First, among individuals who
were diagnosed with type 1 diabetes in
late adolescence and early adulthood
and had good access to health care,
and who were followed for 30 years,
mortality was four to five times that of
the general population. Second, 15% of
all deaths were associated with alcohol,
and the SMR for alcohol-related deaths
was 6.8. Third, there was a relatively low
cumulative incidence of ESRD (4.8%)
30 years after the diagnosis of diabetes.
We report mortality higher than

those from a large, population-based
study from Finland that found cumula-
tive mortality around 6% at 20 years’
and 15% at 30 years’ duration of diabe-
tes among a population with age at on-
set and year of diagnosis similar to those
in our cohort (10). The corresponding
numbers in our cohort were 12% and

18%, respectively; the discrepancy was
particularly high at 20 years. The SMR in
the Finnish cohort was lower than that in
our cohort (2.6–3.0 vs. 3.7–5.1), and
those authors reported the SMR to be
lower in late-onset diabetes (at age 15–
29 years) compared with early-onset di-
abetes (at age ,15 years). This was not
the case in Norway; the SMR we report
in this study was comparable to or
higher than what was recently pub-
lished in a study of childhood-onset di-
abetes (3.1–4.0 vs. 3.7–5.1) (23). The
differences between the Norwegian and
Finnish data are difficult to explain since
both reports are from countries with
good access to health care and a high in-
cidence of type 1 diabetes. A recent study
using the DCCT/Epidemiology of Diabetes
Interventions and Complications (EDIC)
cohort reported mortality in the inten-
sively treated group to be similar to that
of the general population (SMR 0.67–
1.16), whereas in the conventionally
treated group the SMR was 1.05–1.16
(24). However, these results are not com-
parable to those from our cohort because
the participants in the DCCT were en-
rolled in a randomized clinical trial that

required adherence to specific treatment
and therefore included highly motivated
patients. Also, the selection criteria for
DCCT excluded those with hypertension,
severe dyslipidemia, or other serious co-
morbidities and included individuals with
diabetes duration of 1–15 years, thereby
reducing the potentially high mortality of
the first years with diabetes.

We found that SMRs in the younger
age bands were higher than those in the
older age bands (Supplementary Fig. 2),
and the high mortality at 20 years with
diabetes was mainly caused by violent
death and acute complications (55%).
This leads us to speculate about in-
creased risk behavior in young adults
with type 1 diabetes. SMRs for violent
death and suicidedaround 3.0 for both
causesdsupport this hypothesis. A
large Swedish study reported fewer pro-
tective factors and more risk behavior
among adolescents (aged 15–17 years)
with chronic conditions compared with
their healthy peers (25). High risk of vi-
olent death in individuals with type 1
diabetes was also demonstrated in a re-
cent review article: 2.5 (95% CI 1.7–3.9)
in women and 1.8 (95% CI 1.3–2.5) in
men (26). However, the review article
included studies using an age of 0–30
years at diagnosis.

We note that mortality associated
with alcohol was about five to seven
times higher in the cohort with type 1
diabetes compared with the general
population in Norway. It is known that
alcohol consumption is underreported
on death certificates (27). However,
underreporting probably occurs for
both people with and people without
diabetes, and would therefore not af-
fect the SMR. A couple of mortality stud-
ies have shown abuse of drugs or alcohol
among cohorts with type 1 diabetes, but
neither provided long-term follow-up
nor compared those cohorts with the
general population (28,29). The SMR
for alcohol-associated deaths has, to
our knowledge, only been published
in a Finnish study demonstrating that
alcohol- and drug-related deaths ac-
counted for 39% of deaths at 20 years’
duration among patients diagnosed
between 1985 and 1989. However,
that study reported an SMR for alcohol-
related deaths lower than what we found
(1.5; 95% CI 1.2–2.7) (10).

Finland and Norway are appropriate
to compare because they share important

Table 2—Standardized mortality ratios for underlying cause of death by sex in
719 individuals with type 1 diabetes, diagnosed between 15 and 29 years of age,
followed until September 2013

Cause of death, by sex Observed deaths (n) Expected deaths (n) SMR 95% CI

CVD
Male 28 4.40 6.4 4.4–9.2
Female 13 1.18 11.0 6.4–18.9

Ischemic heart disease
Male 21 2.60 8.0 5.2–12.3
Female 10 0.40 22.7 12.2–42.2

Cerebrovascular disease
Male 3 0.69 4.4 1.4–13.5
Female 0 0.42 d d

Alcohol-related*
Male 19 2.70 7.0 4.5–11.1
Female 3 0.55 5.5 1.8–16.9

Suicide
Male 7 2.52 2.8 1.3–5.8
Female 0 0.76 d d

Violent (intoxication
and accidents)

Male 21 5.91 3.6 2.3–5.3
Female 0 1.27 d d

Cancer
Male 9 5.48 1.6 0.9–3.2
Female 9 5.35 1.7 0.9–3.2

Renal death
Male 2 0.03 58.1 28.4–232.3
Female 2 0.02 108.0 27.0–431.9

*SMR for alcohol-related death was based on all ICD-10 codes listed on the death certificate.
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population and welfare characteristics.
There are, however, significant differ-
ences in drinking levels and alcohol-
related mortality: the Finnish population
consumes more alcohol and the Norwe-
gian population consumes less. Themor-
tality rates for deaths related to alcohol
are about three to four times higher in
Finland than in Norway (30). The alco-
hol-related mortality rate for individuals
with type 1 diabetes diagnosed between
1980 and1984 in Finland is reported tobe
9.8 per 10,000 person-years (95% CI 6.1–
15) (10); the corresponding rate in our
population is similar at 10.3 per 10,000

person-years (95% CI 6.6–15.4). The
markedly higher SMR in our cohort can
probably be explained by the lower mor-
tality rates for alcohol-relatedmortality in
the general population. However, our
study shows that people with type 1 di-
abetes also have a much higher risk of
alcohol-related death in a country with
substantially lower alcohol consumption
and lower mortality related to alcohol.
Alcohol consumption impairs cognitive
processes such as memory, attention,
and planning, which are essential for peo-
ple with type 1 diabetes (31). It is also a
marker for poorer adherence to diabetes

self-management and glycemic control
(32,33). Our study indicates that diabetes
is a major hazard for people with a low
ability for self-care. Deaths associated
with alcohol may also be a marker for
other, nonbeneficial health-related be-
haviors. This warrants attention from cli-
nicians to people at risk for alcohol abuse.

The presence of renal disease is
known to be the major predictor of mor-
tality in type 1 diabetes (34). In line with
this, we found that the risk of death as-
sociated with ESRD was high (HR 8.7).
Renal death is low in our study com-
pared with several others, even when
including the whole contribution of
ESRD (2,35). In accordance with this,
we report a low cumulative incidence
of ESRD (4.8% at 30 years). A Finnish
study reported a cumulative incidence
of ESRD of about 6% in women and 8%
in men among patients aged 15–30
years at the onset of diabetes and fol-
lowed for 30 years (36). In the U.S. the
cumulative incidence is reported to be
9.3% at 25 years (37); however, Sweden
has reported results comparable to our
numbers: 3.2–5.3% at 30 years (38). The
average incidence of ESRD in Finland
among individuals between 20 and
30 years after their diagnosis of type 1
diabetes (diagnosed in 1965–1979) was
7.3 and 5.5 per 1,000 person-years for
men and women, respectively (36). We
report lower rates at 4.4 and 2.6 per
1,000 person-years, respectively. It has
previously been published that the in-
cidence of diabetic nephropathy in Nor-
way is lowd7.8% among a population
with a duration of type 1 diabetes be-
tween 19 and 30 yearsdcompared with
its incidence in other countries (39).

A major strength of this study is being
based on a cohort with type 1 diabetes
that is national, is population-based,
and has high ascertainment (17). Regis-
try linkage via individuals’ unique na-
tional personal identification numbers
gave survival information on all patients.
Cohort studies following patients from di-
agnosis are preferable to studies basedon
cause of death registries alone because
we know that diabetes is underreported
on death certificates (40); also, differenti-
ation between type 1 and type 2 diabetes
is rarely reliable. We present what is to
our knowledge the only study with long-
term follow-up of patients diagnosed dur-
ing late adolescence or young adulthood
and using a clinical review committee in
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Figure 2—Cumulative incidence of ESRD in 719 individuals with type 1 diabetes diagnosed at 15–
29 years of age, with 95% CIs (A) and by sex (B) (P = 0.17). In B, the dashed line represents men
and the solid line, women.
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addition to registry data; however, short-
term mortality has been assessed in
similar ways in a few studies (28,29,41).
Registry data are based on death certifi-
cates written by physicians, often with
limited access to clinical data. Our study
suggests the underestimation of specific
causes of death that are of particular im-
portance to individuals with diabetes,
such as acute complications and CVD,
when using death certificates as the
only source of information. Other studies
have also underscored the problem with
the insufficient reliability of causes of
death in type 1 diabetes when only con-
sidering death certificates (39,42,43).
An important limitation of this study is

that we did not have complete informa-
tion on HbA1c or smoking status, among
other risk factors. Another limitation is
the relatively small cohort, which might
influence the statistical power and give
less precise estimates.
In conclusion, the high mortality re-

ported in this cohort with an onset of
diabetes in late adolescence and young
adulthood draws attention to people di-
agnosed during a vulnerable period of
life. Both acute and chronic complica-
tions cause substantial premature mor-
tality, implying a continuous need for
improved diabetes care. Our study sug-
gests that increased awareness of alcohol-
related death should be encouraged in
clinics providing health care to this group
of patients.
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