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Abstract The aim of this study is to assess mortality risk

and the excess of risk in patients with diabetes. Patients

were 15–34 years old at diagnosis of diabetes mellitus

(n = 879) in 1992 and 1993 in this national cohort from

Sweden. Healthy controls were matched for gender and

birth on the same day as the index cases (n = 837). The

civic registration number was used to link patients and

controls to the Swedish Cause of Death Registry. During

follow-up, 3.3% (29/879) of patients and 1.1% (9/837;

P = 0.002) of controls died. The risk for a patient with

diabetes to die was almost threefold increased compared

with healthy controls; hazard ratio, 2.9 (95% CI 1.4–6.2).

This increased risk was significant in men; hazard ratio, 2.8

(95% CI 1.2–6.5). Diabetes as the underlying cause of

death accounted for 38% (11/29) of deaths among patients.

Most patients, 55% (16/29), died at home, remaining

patients in hospital, 28% (8/29), or elsewhere 17% (5/29)

compared to controls of whom 33% (3/9; P = 0.45) died at

home, 33% (3/9; P = 1.0) in hospital, and 33% (3/9;

P = 0.36) elsewhere. Only 55% (16/29) of patients had a

specified day of death on death certificates compared

to 100% (9/9; P = 0.016) of controls. Adult men with

diabetes had an almost threefold increased risk to die

within 15 years of diagnosis compared to healthy men.

Most middle-aged patients with diabetes died at home and

often without a specified date of death recorded.
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Introduction

A century ago, type 1 diabetes was a fatal disease. The

discovery of insulin in 1921 dramatically increased sur-

vival among newly diagnosed patients and is still the life-

saving treatment for these patients. Since then, treatment of

diabetes has been optimized in most Western countries

with national programmes designed to treat diabetes.

Nevertheless, several studies have indicated that patients

with diabetes have an increased mortality also at a young

age compared to the general population [1–5]. Total mor-

tality for patients with type 1 diabetes varies considerably

between countries [5, 6]. Some studies report on a higher

relative mortality among women with diabetes [5–7], while

other studies describe similar mortality in men and women

[4, 8, 9]. Multiple factors have been identified to contribute

to this increased mortality, such as, acute metabolic com-

plications of diabetes, alcohol or drug misuse, mental

dysfunction, suicide, and circulatory diseases [1–5].

In this study, we had a unique opportunity to analyze

mortality in patients with diabetes during the first 15 years

of disease in our cohort of matched patients and controls,

followed for the same time period since onset of diabetes

from 15 to 34 years of age [10–12].

The aim of this study is to assess mortality risk and the

excess of risk in patients with diabetes.
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Subjects and methods

Subjects

Since 1983, all departments of medicine and endocrinology

and all primary health care units in Sweden prospectively

report all incident cases of diabetes in the age group

15–34 years to the Diabetes Incidence Study in Sweden

(DISS) on a standardized form. The form contains infor-

mation on civic registration number, name, gender, postal

address, date and place of diagnosis, presence of coma,

blood glucose (fasting or random), degree of ketonuria,

presence of ketoacidosis (bicarbonate \15 mmol/L and or

pH \ 7.3) at the time of diagnosis, treatment (insulin,

OHA, diet), body weight, and height together with duration

of symptoms. The reporting physician also determines the

type of diabetes according to criteria defined by WHO [13]

based on clinical parameters. The average number of cases

per year is about 400 and 75% are classified as having type

1 diabetes, 15% as having type 2, and 10% are not possible

to classify at onset. The ascertainment level of DISS has

for type 1 diabetes been estimated at 86% [14]. This study

is based on the 1992–1993 year cohort, when 879 patients

(539 men and 340 women) were reported to DISS and/or

sent in a blood sample to the central laboratory in Lund,

Sweden (Table 1). During these years, a case-referent

study was performed. For each case, two healthy control

subjects were selected matched on day of birth and gender

and alive on the day the incident case was diagnosed with

diabetes. These selected controls were asked for informed

consent to the study and to donate a blood sample. A total

of 837 healthy control subjects (466 men and 371 women)

sent in an informed consent together with a blood sample.

Methods

The 1992–1993 DISS cohort and their matched controls

were linked to the Swedish Cause of Death Registry

maintained by the National Board of Health and Welfare,

Stockholm, Sweden, using the civic registration number.

The vital status of both patients (n = 879) and controls

(n = 837) was ascertained through March 2, 2009, repre-

senting a median follow-up time of 15.9 years (range,

1–17) and a total of 27,173 person-years.

The Swedish Cause of Death Registry provides infor-

mation on date and cause of death (underlying and con-

tributory causes of deaths) in terms of International

Classification of Disease codes (ICD9) and ICD10). We

also received paper copies of all death certificates, which

allowed us to verify ICD codes and day of death, and also

provided us with information on the place of death. Day of

death was noted on the death certificate as defined or likely.

If the date of death was noted as defined then the record

from The Swedish Cause of Death Registry contained a

complete date. If the date was uncertain (3–8 days were

noted on the death certificate) then the date was noted as

year and month (n = 7) or as year only (n = 1). In five

cases, the date of death was complete in the records, but

was noted as likely on the death certificate (one case) or

day when subject was found dead was noted as year and

month together with an interval of two to three consecutive

dates (n = 4), and these cases were referred to the group as

missing a specific date of death.

For the five most recent deaths (four patients and one

control), no ICD codes were noted in the Swedish Cause of

Death Registry. In these cases, the underlying cause of

death from the death certificates was used (in patients,

Table 1 Characteristics of a

national cohort diagnosed with

diabetes mellitus in 1992 and

1993, aged 15–34 years

(n = 879) and their matched

controls (n = 837) from

Sweden

Characteristic Patients Controls

Women (n = 340) Men (n = 539) Women (n = 371) Men (n = 466)

Age at death (years) 33 ± 11 36 ± 6.6 42 ± 5.7 36 ± 9.7

Age at onset (years) 25 ± 5.6 25 ± 5.6 NA NA

Age at enrolment (years) NA NA 26 ± 5.9 25 ± 6.0

Treatment

Insulin 267 451 NA NA

OHA 13 27 NA NA

Diet 54 49 NA NA

Missing information 6 12 NA NA

Number of person-years 5,441 8,576 5,836 7,320

Status at 2nd March, 2009

Alive (Women; Men) 835 (331; 504) 818 (365; 453)

Dead 29 9

Emigrated 15 10
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cardiovascular disease (two cases), suicide, and violent

death but not suicide; and in the control, infection).

Current addresses were obtained from the Swedish

Population and Address Register (SPAR) using the civic

registration number. Existing records showed that 95%

(835/879) of the patients were still alive and lived in

Sweden. Likewise, 98% (818/837) of the controls were

alive and lived in Sweden (March 8, 2007).

Post-mortem examinations

A coronial post-mortem examination was performed in 17

patients, of whom 12 died at home; a clinical post-mortem

examination was performed in three patients who died at

home and one patient who died at home was examined

after death. A clinical post-mortem examination was per-

formed in two patients who died in hospital, a clinical

examination was performed before death in five patients

who died in hospital, and one patient was examined after

death in hospital. A coronial post-mortem examination was

performed in six controls of whom three died at home and

three elsewhere; a clinical examination before death was

performed in two controls who died in hospital, and no

information about post-mortem examination was available

for one control.

Statistical analysis

Cox proportional hazard regression model was used for the

estimation of hazard ratios with 95% CI. Life tables were

used to illustrate survival curves. Fisher’s exact test was

used to test for differences in frequencies. The statistical

calculations were performed in SPSS 14.0, SPSS Inc,

Chicago, IL.

Ethical considerations

This study was approved by The Regional Ethical Review

Board in Lund, Sweden (414/2006 and 388/2007) and was

performed in accordance with the Helsinki Declaration in

1964.

Results

All-cause mortality

Most patients, 69% (20/29), had type 1 diabetes; 14%

(4/29) had type 2 diabetes; 10% (3/29) had unclassifiable

diabetes; and finally 7% (2/29) had secondary diabetes.

During 15 years of follow-up, 3.3% (29/879; 24 men

and 5 women) of patients had died and 1.7% (15/879) had

emigrated. The median age of the deceased patients was

37 years (range. 18–48). A total of 1.1% (9/837; 7 men and

2 women) of controls had died and 1.2% (10/837) had

emigrated. The median age of the deceased controls was

38 years (range, 20–49). The risk for a patient with dia-

betes to die within the first 15 years of diagnosis was

almost threefold increased compared to healthy controls in

the same age group during the same observation period;

hazard ratio, 2.9 (95%CI 1.4–6.2; Fig. 1). This increased

risk of an early death was significant in men; hazard ratio

2.8 (95%CI 1.2–6.5). A similar pattern was found among

women, hazard ratio 3.5 (95%CI 0.70–17.4).

Cause-specific mortality

Diabetes was identified as the most common cause of death

(underlying cause of death) accounting for 38% (11/29) of

deaths of the patients (Table 2). Ketoacidosis or coma was

listed for five of these patients. Nine, eight being men, of

the patients were recorded to have died from diabetes at

home without a specified date of death on their death

certificates. An additional three patients also died at home

without a specified date of death (Table 3). Diabetes was

listed as a contributory cause of death in an additional 14%

(4/29) of the patients. The second most common cause of

death in patients was cardiovascular disease listed in 21%

(6/29) of patients (acute myocardial infarction (two cases),

atherosclerotic heart disease, heart failure (two cases), or

pulmonary embolism). Cardiovascular disease was identi-

fied as a contributory cause of death in another patient

(atherosclerotic heart disease). The underlying cause of

death or contributory cause of death was not related to

diabetes in 14 patients of which five were cardiovascular

disease, three were intoxications with medicines, drugs or

alcohol where the purpose of the intake was unclear, three

were cancers, two were suicides, and one was violent cause

but not suicide.

Fig. 1 Life table analysis in healthy controls and patients diagnosed

with diabetes in 1992 and 1993 in Sweden. Patients are indicated by a

solid line and controls are indicated by a dashed line
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Three controls died from violent causes, of which two

were obvious suicide and one died from a car accident.

Two controls died from intoxications with medicines,

drugs or alcohol where the purpose of the intake was

unclear. The remaining four controls died from cancer,

myocardial infarction, graft versus host disease, and from

infection. The control dying from infection also had dia-

betes as a contributory cause of death.

Place of death

Most patients died at home, 55% (16/29); almost a third of

the patients, 28% (8/29), died in hospital (Table 3); the

remaining, 17% (5/29), died elsewhere (ambulance trans-

port to hospital, in one case the address was specified but it

was unclear whether it was the home of the patient or not or

sites of death were not specified on the death certificate in

three cases). Controls died at home, 33% (3/9; P = 0.45); in

hospital, 33% (3/9; P = 1.0); or elsewhere, 33% (3/9;

P = 0.36), which was similar to frequencies in patients.

Date of death

All controls (9/9) had a specified day of death both in the

records from the Swedish Cause of Death Registry and on

death certificates, whereas a total of 13 out of 29 patients

(45%; P = 0.016) did not have a specified day of death on

their death certificates; in one case, only the year was

defined. Out of these 13 patients, eight did not have a

specified day of death, neither in the records from the

Swedish Cause of Death Registry nor on the death certif-

icate. In four patients with a specified date in the records,

the day when they were found dead was specified to a time

interval from 48 to 72 h on the death certificate. In another

patient, the day of death was noted as likely on the death

certificate. Twelve of these patients with no specified day

of death died at home and one patient died elsewhere. Only

four patients (4/16; 25%) that died at home had a specified

day of death. All patients that died in hospitals had a

specified day of death (n = 8).

Discussion

Our study presents an almost threefold increased mortality

among middle-aged men with diabetes. Patients with dia-

betes often died at home without a confirmed day of death.

We had expected more deaths among men since more men

than women were diagnosed with diabetes at baseline

(M/F = 1.59), but this does not explain the threefold increased

risk among men with diabetes compared with healthy men.

Diabetes was the most frequent cause of death, listed as

the underlying cause of death or contributory cause of

death, in 52% of the patients. We had expected that more

patients compared to controls would die in hospitals due to

their diabetes and complications to diabetes. However, this

was not confirmed since similar proportions of patients and

controls died in hospitals. Unexpectedly, as many as 55%

of patients died at home, which was similar to the pro-

portion found among controls. Diabetes was the underlying

cause of death in nine patients of whom eight were men,

who died at home without a specified day of death recorded

on the death certificate.

One strength of the study is that the Swedish Cause of

Death Registry has a high validity. Another strength is that

we had matched patients and controls in this national study.

Furthermore, the vital status of both patients and controls

represented a median follow-up time of 15.9 years and a

total of 27,173 person-years in this study. One limitation to

our study is that we do not have information about these

patients’ lives or social networks close to their deaths,

other than the limited information on the death certificates.

These findings confirm a previously reported increased

mortality among patients with diabetes [3, 5, 15, 16]. The

findings presented in this study of the home as the most

common place of death for patients with diabetes is in

accordance with a previous study reporting on places of

deaths for young Norwegian patients with diabetes, where

Table 2 Underlying and contributory cause of death by type of

diabetes at diagnosis in patients diagnosed with diabetes in 1992 and

1993 (n = 879) and their matched controls (n = 837).

Cause of death Patients Controls

Underlying cause of death

Diabetes 11 0

Cardiovascular diseases 6 1

Intoxication 4 2

Cancer 4 1

Suicide 2 2

Violent deaths (excluding suicide) 1 1

Other 1 2

Total number of deaths 29* 9*

Contributory cause of death

Diabetes 4 1

Cardiovascular diseases 1 0

Intoxication 6 0

Other 5 0

Underlying or contributory cause of death

Diabetes 15 1

Cardiovascular diseases 7 1

Intoxication 10 2

Other 6 2

During follow-up (median 15.9 years) a total of 29 patients and 9

controls died

* P = 0.002
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39% died at home, 34% in hospitals, and 27% elsewhere

[4]. In addition to this, our study also presents data on

missing dates of death particularly on patients who died at

home.

The finding of diabetes as the most common cause of

death listed as the underlying or contributory cause of

death is in accordance with previous studies reporting on

mortality in young and middle-aged patients with diabetes

[1–3, 5, 17]. A number of risk factors such as dyslipidemia,

glycemic dysregulation, macroalbuminurea, and hyperten-

sion have been identified as contributors to the shorter life

expectancy in diabetic patients and to cardiovascular

complications [7, 16, 18–25]. Indeed, the second most

common underlying cause of death in the present study was

cardiovascular disease accounting for 21% (6/29) of the

deaths in diabetic patients. One or several genetic factors,

for example variants in the insulin receptor substrate-1 may

contribute to the acceleration of diabetes complications in

patients with diabetes [26–29].

It seems obvious that no one had contact with these

patients within 48 h (in three cases) or more (in eight

cases) or even up to a year (one case where only year was

recorded) since the day of death could not be specified to a

specific date, and in one case the date was noted as likely.

The lack of a specified date of death in 45% of the patients

could indicate that patients with diabetes do not have the

same social network as healthy controls. A poor social

support has been implicated in poor diabetes control [30].

Furthermore, boys with diabetes have been shown to have

low levels of friend support [31]. A previous study based

on these patients presented data on fewer conflicts with

parents and less broken contacts with friends during the

year prior to onset of diabetes. However, patients who later

on developed autoimmune diabetes reported less success

and fewer had fallen in love compared to controls [32].

Some deaths that occurred when patients were alone at

home, might be explained by the dead in bed syndrome,

where a sudden and unexpected death occurs most likely

due to cardiac arrhythmias [33, 34]. To our knowledge, this

is the first report of missing dates of death on death cer-

tificates in patients with diabetes.

In conclusion, adult men with diabetes had an almost

threefold increased risk to die within 15 years after diag-

nosis compared with healthy men. Most middle-aged

patients with diabetes died at home and most of these

patients did not have a specified day of death recorded. The

care of young and middle-aged people with diabetes should

consider the life situation.
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