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Research

more common type 2 diabetes, people with
type 1 diabetes also have an increased
mortality risk compared with the general
population.3-6

Measures to reduce mortality in people
with type 1 diabetes hinge on our knowl-
edge of the exact causes of death, thereby
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ABSTRACT

Objective:  To determine the causes of death in Australians with type 1 diabetes 
mellitus who died aged 40 years or younger.
Design and setting:  Retrospective review of autopsy reports at the Department of 
Forensic Medicine, Sydney, New South Wales, 1 January 1994 – 31 December 2006.
Main outcome measure:  Causes of mortality in people with type 1 diabetes aged 

 years.
lts:  Of the 26 682 autopsy reports, 1914 were for individuals with diabetes (type 1, 
type 2, 1514). Cardiovascular disease accounted for 51% of deaths (169/333) in 
le with type 1 diabetes aged > 40 years, versus 13% among those aged � 40 years 
; P = 0.001). Acute complications of diabetes (27%; 18/67), unnatural deaths (28%; 
), and sudden unexpected deaths (22%; 15/67) were the predominant causes of 

h in young individuals with diabetes. Sudden unexpected death was more common 
in those with type 1 diabetes compared with a sex-matched control population in the 
same age range (22% v 5%; χ2 P < 0.001). Of the sudden unexpected deaths, 10 people 
were found dead in an undisturbed bed with no cause of death found at autopsy 
(“dead-in-bed” syndrome; mean age [SD], 30.2 [9.4] years; males : females = 4 :1).
Conclusions:  In deceased young people with type 1 diabetes examined by the Coroner, 
acute diabetic complications, unnatural causes, and sudden unexpected deaths were 
the predominant causes of death. The relatively high frequency of sudden unexpected 
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deaths, such as dead-in-bed syndrome, requires further investigation.
iab
pr
is D
 etes mellitus is a major health

oblem in Western countries, and
one of the most common chronic

diseases in young people. There is consider-
able variation in disease onset, clinical
course and risk of premature mortality.1,2

While there has been greater focus on the

allowing appropriate prevention and treat-
ment strategies. While many mortality stud-
ies in young people with type 1 diabetes
have been published in the United Kingdom
and Europe,3-5,7-15 few have been performed
in Australia.6

An important subgroup of deaths among
young people with type 1 diabetes is sudden
unexpected death in the absence of a clear
cause (eg, hypoglycaemia or cardiac auto-
nomic dysfunction). Little is known about
the extent of this problem, although isolated
reports suggest a particular type of sudden
death, referred to as “dead-in-bed” syn-
drome.9,16 Typically, these people are in
good health when they retire to bed, only
to be found dead the next morning. The bed
is most often undisturbed, suggesting no
seizure activity.

This study was performed to identify the
causes of death in young Australians with
type 1 diabetes in a large postmortem series,
with a particular focus on sudden death.

METHODS

We retrospectively reviewed all autopsies
performed at the Department of Forensic
Medicine in Sydney, New South Wales, from
1 January 1994 to 31 December 2006.

All studies and data review were per-
formed in accordance with the Sydney
South West Area Health Service human eth-
ics guidelines. The NSW Deputy State Coro-
ner gave permission for the study.

Data collection
We selected autopsies of deceased people
known to have type 1 diabetes mellitus by

searching the ISYS Query database system
(ISYS Search Software, Sydney, NSW) at the
Department of Forensic Medicine. Autopsy
reports containing the words “diabetes” or
“diabetic” were identified, and the records
extracted. All available demographic, clini-
cal and autopsy data were collected for each
individual. People with secondary diabetes
or diabetes insipidus were excluded. In
autopsy reports that only mentioned diabe-
tes mellitus, the type was classified using the
following criteria:
• Type 1: People who were taking insulin
and were aged 40 years or younger at their
first insulin use, or who were aged 40 years
or younger at the time of diabetes diagnosis;
a body mass index less than 28 kg/m2 was
consistent with type 1 diabetes.17

• Type 2: People whose diabetes was con-
trolled by diet and/or oral hypoglycaemic
drugs, or whose diabetes was insulin-treated
but who were aged over 40 years at their
first insulin injection.

For comparison with the group of young
people with type 1 diabetes (� 40 years), all
postmortem data on individuals without
diabetes were also collected (from the same

forensic department over the same period).
The control group consisted of people aged
40 years or younger and was sex-matched to
the group with type 1 diabetes.

Classification of causes of death
The causes of death were obtained from
autopsy reports. They were categorised as:
• Cardiovascular, including coronary
artery disease, acute myocardial infarction,
heart failure, cardiac tamponade, ruptured
aortic aneurysm and haemopericardium.
• Respiratory, including bronchitis, acute
bronchopneumonia and pulmonary embo-
lism.
• Neurological, including cerebral haem-
orrhage, hypoxic encephalopathy and
intracranial haemorrhagic events.
• Gastrointestinal, including peritonitis,
ischaemic bowel, liver cirrhosis, intestinal
perforation and gastrointestinal bleeding.
• Acute diabetic complications, including
hypoglycaemia, hyperglycaemia and dia-
betic ketoacidosis.
• Unnatural, including fatal accidents, sui-
cide, violence and intoxication.
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• Sudden unexpected, including no poten-
tially fatal or critical event or disease present
at least 24 hours before death, such as dead-
in-bed syndrome.
• Cancer/haematological, including any
form of cancer and sickle cell trait.
• Infection, including septicaemia or fatal
infection.
• Other causes, including those that could
not be categorised to any group, such as
hypothermia and intravascular coagulation.

Statistical analysis
We performed χ2 analysis to compare fre-
quencies of causes of death in different
groups (eg, diabetes v control groups). Sta-
tistical significance was set at P < 0.05.

RESULTS
We reviewed 26 682 autopsy reports for the
study period. There were 1914 people
known to have had diabetes mellitus, 400
with type 1 and 1514 with type 2 diabetes
(Box 1). Among those with type 1 diabetes,
67 were aged 40 years or younger and 333
were aged over 40 years (Box 1).

For the whole group, cardiovascular disease
(CVD) was the most common underlying
cause of death (45%), followed by unnatural
deaths (14%), respiratory causes (10%) and
acute complications of diabetes (9%). The
distribution of causes of death in individuals
at all ages with type 1 diabetes is shown in
Box 2. CVD was not the most common
cause of mortality in those aged 40 years or
less (Box 3, A). The three most common
causes of death in this age group were acute
diabetic complications (27%), unnatural
deaths (28%), and sudden unexpected
deaths (22%), while CVD accounted for
only 13% (Box 3, A; P < 0.001 in all compar-
isons with those aged > 40 years).

In those aged over 40 years, CVD was
responsible for the majority of deaths (51%;

P < 0.001 v those aged � 40 years). Further-
more, acute diabetic complications, unnatu-
ral deaths, and sudden unexpected deaths
were less frequent (5%, 11%, and 5%,
respectively) than in those aged 40 years or
younger (Box 3, A).

The causes of death in those aged 40
years or less with type 1 diabetes were then
compared with a sex-matched control
group of people in the same age range
without diabetes (n = 6990). Sixty-four
individuals without diabetes were excluded
from the control group because the cause of
death was not available. In the group with-
out diabetes (Box 3, B), unnatural deaths
dominated as the Coroner’s ascribed cause
of death (72%), a percentage similar to the
combined causes of sudden unexpected
death, acute diabetic complications and
unnatural death in the group with type 1
diabetes (Box 3, B). Importantly, the fre-
quency of sudden unexpected death in the
young population with type 1 diabetes
(22%) was significantly higher than that in
the group without diabetes (5%; P < 0.001
v type 1 diabetes; Box 3, B).

The specific causes of death in the sudden
unexpected and unnatural categories in
those with type 1 diabetes aged 40 years or
younger are shown in Box 4.

Of the 15 sudden unexpected deaths in
the young type 1 diabetes group, 10 were
attributed to dead-in-bed syndrome (Box 4).
The mean age (SD) of dead-in-bed syn-
drome victims was 30.2 (9.4) years, with a
male predominance of 4 : 1. The remaining
five people had sudden unexpected deaths
with no cause identified at autopsy, hence
were referred to as undetermined (Box 4).

DISCUSSION

This autopsy study describes the causes of
mortality in a group of young Australians
with type 1 diabetes. The distribution of
causes varied significantly between older
and younger people with type 1 diabetes,
with cardiovascular causes being the pre-
dominant cause of death in those aged over
40 years, as previously reported.4,14,15 Mor-
tality from acute diabetic complications,
unnatural deaths, and sudden unexpected

2 Cause of death in people with type 1 diabetes, New South Wales, 1994–2006

* Numbers above columns represent the number of deaths in each category.
† Other = deaths that could not be categorised (eg, hypothermia, intravascular coagulation). ◆
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1 Flow diagram showing the classification of autopsy reports by diabetes status, New South Wales, 1994–2006

* Sixty-four reports in this category were excluded because cause of death was not available. ◆

Total autopsy reports 1994–2006
n = 26 682

Diabetes  n = 1914

Type 1 diabetes  n = 400

Age � 40 years  n = 67

Type 2 diabetes  n = 1514

No diabetes  n = 24 768

Age > 40 years  n = 17 714Age � 40 years*  n = 7054

Age > 40 years  n = 333
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deaths was much higher than from any
other specific causes in people aged 40 years
or younger. Specifically, sudden unexpected
death made up a larger proportion of causes
of death in the type 1 diabetes group com-
pared with a control population without
diabetes (22% v 5%), with at least some of
the difference likely to relate to diabetes-
specific causes of dead-in-bed syndrome.

Overall, the causes of death in young
people with type 1 diabetes are consistent
with previously reported studies. For exam-
ple, a large fraction of deaths were attributed
to acute complications of diabetes.3,4,7,9,12-14

Most recently, a report on early mortality in
type 1 diabetes in Europe identified 141
deaths, with diabetes-related deaths
accounting for 35%, consistent with our rate

of 27%.18 In the same study, 2.1% fulfilled
the criteria for dead-in-bed syndrome, a rate
similar to the 2.5% observed in our type 1
diabetes group.18 Furthermore, suicide
accounted for 7.8% of deaths in the Euro-
pean study, compared with 4.4% in our
young group. Similarly, a higher incidence
of accidents, suicides and homicide in
young people with type 1 diabetes (com-
pared with young people without diabetes)
has also been previously reported.7 In addi-
tion, some risk-taking behaviour in young
people with type 1 diabetes may contribute
to deaths from acute diabetes complications,
including deaths due to diabetic ketoacido-
sis where insulin omission and delayed pres-
entation for medical care are recognised
factors in its pathogenesis.11

A strongly statistically significant and
clinically important finding in our study was
the high incidence of sudden unexpected
death in young people with type 1 diabetes.
The greatest percentage of unexpected
deaths as a cause of death clearly occurred
in people with type 1 diabetes who were
aged 40 years or less, compared with either
older people or with younger people who
did not have diabetes. Ten of these sudden
deaths met the criteria for dead-in-bed syn-
drome.16 These deaths amounted to 67% of
all sudden unexpected deaths, similar to the
previously reported incidences of dead-in-
bed syndrome.16,19,20

Dead-in-bed syndrome was first described
in 14 people with type 1 diabetes in 1991.16

The syndrome is poorly understood, with
little information available on the preva-
lence, aetiology, triggers and overall patho-
genesis.

Acute hypoglycaemia may play a
role.16,19-21 However, hypoglycaemia is a
common occurrence among patients with
type 1 diabetes, but it rarely results in
sudden death.16 This implies that other
mechanisms are likely to be involved. For
example, patients with long-standing type 1
diabetes may have reduced parasympathetic
activity and increased sympathetic activity.22

These effects have been associated with low-
ered baroreceptor-cardiac reflex sensitivity
in individuals with type 1 diabetes, which
could result in increased susceptibility to
ventricular arrhythmias.23 Moreover, the
risk of such ventricular arrhythmias is com-
pounded by nocturnal episodes of hypogly-

3 Cause of death by age and diabetes status, New South Wales, 1994–2006

* For all comparisons shown, P < 0.001. † Numbers above columns represent the number of deaths in each 
category. ‡ “Other” includes respiratory, neurological, gastrointestinal, cancer/haematological, infection, and 
deaths that could not be categorised (eg, hypothermia, intravascular coagulation). § P < 0.001 for all 
comparisons shown, except Cardiovascular and Other, for which P < 0.05. ◆
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4 Sudden unexpected and unnatural 
deaths in people with type 1 
diabetes aged � 40 years, New 
South Wales, 1994–2006

Cause of death No.

Sudden and unexpected

Dead-in-bed syndrome 10

Undetermined 5

Total 15

Unnatural

Fall 1

Drowning 1 

Motor vehicle accident 1

Narcotic overdose 11

Other accidents 2

Suicide 3

Total 19
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caemia — research has demonstrated that
patients with type 1 diabetes, with normal
or abnormal cardiac autonomic function,
have a prolonged QTc (corrected QT) inter-
val during hypoglycaemia.24,25

As a further consideration, genetic predis-
position to prolonged QTc interval prolon-
gation is well recognised in the general
community. Considering this, it is possible
that multiple factors in one person — type 1
diabetes, a genetic predisposition to QT
interval prolongation, cardiac autonomic
neuropathy and acute severe hypoglycaemia
— collectively cause arrhythmia and lead to
dead-in-bed syndrome.

In studies currently in progress, we are
examining DNA samples for changes in
sodium and potassium ion channel genes
for such genetic predisposition to life-threat-
ening arrhythmia in those with type 1 diabe-
tes who had sudden unexpected death.

Limitations of this study included possi-
ble under-reporting of diabetes at postmor-
tem examination, insufficient clinical history
(eg, duration of diabetes), and difficulties
with establishing the exact cause of death in
people with diabetes, who often have multi-
ple concurrent pathological abnormalities.

In addition, it should be noted that this
was a single-centre postmortem-based analy-
sis. These results do not represent the mortal-
ity of the total population with diabetes, but
only those referred to the Coroner for
medicolegal investigation. Such deaths
include any suspicious or potentially unnatu-
ral deaths, sudden unexpected deaths where
the cause of death is not readily apparent and
deaths following or as a result of anaesthesia.
However, the referral rate seems to be high.
According to the Australian National Diabe-
tes Register, about 46 people with type 1
diabetes younger than 40 years died over a 6-
year period in NSW.2 In our study, 67 deaths
were reported over the 12-year period. This
suggests that more than 50% of such deaths
in people with type 1 diabetes aged less than
40 years are reported to the Coroner.

Our findings highlight the ongoing need
t o  op t im i se  c l in i c a l  manage men t
approaches in young people with type 1
diabetes, using a multidisciplinary team
approach to address specific issues in young
people. This includes prevention of acute
metabolic complications by improving drug
treatments and compliance, identification
of psychosocial problems that may predis-
pose to risk-taking behaviour, and further
clinical and genetic research studies to
unravel the precise mechanisms involved in
dead-in-bed syndrome.
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