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Abstract

Aims/hypothesis To study the distribution of causes of
death in the Danish population, and its variation by diabetes
status, sex, age and calendar year as well as the years of life
lost from the specific causes of death.

Methods Persons aged 30-98 years were followed from
1995 to 2008 by linkage of Danish registers. Poisson
regression was used to model cause-specific mortality rates
by age and calendar time for each specific cause of death,
according to sex and diabetes status. The mortality rates
were also modelled as a function of age and birth cohort.
We computed the distribution of causes of death and years
of life lost from specific causes of death due to diabetes.
Results During the 14-year study period, patients with
diabetes contributed 2.3 million person-years of follow-up
and 124,210 deaths, whereas persons without diabetes
contributed 45.1 million person-years and 648,020 deaths.
The mortality was higher among individuals with diabetes,
and the mortality ratio (diabetes vs no diabetes) decreased
with age and for all causes and cardiovascular diseases also
by calendar time. The effect of sex on the association
between diabetes and mortality varied with age and cause
of death. About 9 years of life were lost to diabetes at age
30 years, and 3 years at age 70 years.
Conclusions/interpretation Age-specific mortality is higher
among people with diabetes, and rate ratios vary with age,
sex, calendar period and cause of death. The distribution of
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causes of death was similar for persons with and without
diabetes.

Keywords Causes of death - Demography - Mortality - Years
of life lost

Abbreviation
SMR  Standardised mortality ratio

Introduction

Several studies have found a higher all-cause mortality among
patients with diabetes than among persons without diabetes
[1-3]. Studies looking at cause-specific mortality have also
reported a higher mortality among diabetic patients from
most specific causes of death, but the association between
diabetes and cancer, as well as with some respiratory
diseases, is inconsistent across studies [1, 4-7].

Other previous studies have found that the association
between diabetes and mortality varies across countries [8, 9].
Only one Danish study exists, in which the association
between diabetes and cause-specific mortality has been
studied [10]. The aims of the present study were to study
the association between diabetes and specific causes of death
in the entire Danish population, and to see how age, sex and
calendar time affected the association, as some previous
studies have found that these factors affect the association
between diabetes and mortality [4, 11, 12].

We also wanted to compare the distribution of causes of
death between individuals with and without diabetes. We
based our study on the estimated distribution of causes of
death from a statistical model for cause-specific mortality
rates as the empirical distribution of causes of death is
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confounded by the age distribution in the population. To
our knowledge, no previous study has estimated the
distribution of causes of death. Finally, we estimated the
years of life lost due to diabetes at different ages both from
specific causes of death and in total.

Registers All persons with permanent residence in Denmark
have a unique identification number (CPR-number) [13]. This
unique identification number was used to link data from the
Danish National Diabetes Register and the Danish Cause of
Death Register. The size of the Danish population was
obtained from Statistics Denmark for 1 January each year
between 1995 and 2008 by sex and age.

The Danish Cause of Death Register was established in
1970 and includes all deaths among persons with residence
in Denmark since 1970; the cause of death has been coded
in ICD-10 (www.who.int/classifications/icd/en/) since 1984
[14].

The Danish National Diabetes Register was established in
2006 and contains all prevalent cases of diabetes up until 1
January 1995 and all incident cases of diabetes between 1
January 1995 and 31 December 2008 [15, 16]. The Register
is not considered to be complete until 1995, and therefore
only data from 1995 and onwards were included in the data
analyses in this study. The Danish National Diabetes
Register is based on administrative records, and therefore it
is not possible to distinguish between type of diabetes [15];
hence, type of diabetes is not considered in this study.

Methods

All Danish individuals with and without diabetes who were
aged 30-98 in the period 1995 to 2008 were followed up for
mortality from 1 January 1995 until 31 December 2008. The
study was restricted to ages 30-98 for practical reasons.

By linkage of the Danish National Diabetes Register and
the Danish Cause of Death Register, it was possible to
obtain the number of deaths by diabetes status. The number
of deaths was tabulated by calendar time (3-year intervals),
age (l-year intervals) at follow-up, diabetes status and sex.
This was done for each specific cause of death. The causes
of deaths were classified coarsely into five categories and in
more detail into 18 categories (Table 1).

Person-years in the entire Danish population by sex, age
and calendar year were based on population data from
Statistics Denmark and tabulated in the same way as the
number of deaths. The person-years among diabetic
patients by sex, age and calendar year were computed as
the time from inclusion on the Danish National Diabetes
Register until death or 31 December 2008. The person-
years for the non-diabetes group were obtained by
subtracting the person-years for the diabetes group from
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the person-years in the corresponding sex, age and
calendar-year group of the total Danish population.

Statistical methods Poisson regression for frequency tables
was used to obtain mortality rates for specific causes of
death by sex and diabetes status. Mortality rates (1) were
first modelled as a function of attained age (@) and calendar
period (p), using a Poisson model for the death counts with
log person-years as offset:

log(4) = f(a) +g(p)

Age and period midpoints in each cell of the tables were
used as continuous variables. The functions of age and
period were taken as natural (cubic) splines. Functions f'(a)
and g(p) were constrained in such a way that g(p) was zero
in the reference year chosen, i.e. 2008. Thus, f (a) referred
to (log) age-specific mortality in the reference year, and
g(p) referred to the (log) mortality rate ratios relative to the
reference year. The mortality rates were also modelled as a
function of attained age (@) and birth cohort (¢ = p — a) by:

log(2) = f(a) + h(c)

Here, f (a) referred to the (log) age-specific mortality in
the reference cohort, i.e. the 1940 birth cohort, and %(c)
referred to the (log) mortality rate ratios in other birth cohorts
relative to the reference cohort. The mortality rates obtained
from the age-cohort model is not reported because they were
too uncertain as a result of birth cohort and age being highly
correlated due to the short follow-up time (1995-2008).

To compare the mortality rates between persons with and
without diabetes, the age-specific mortality rates from 2008
were used to compute mortality rate ratios (diabetes vs no
diabetes) separately for males and females.

The estimated age-specific mortality rates from 2008
were also used to compute the estimated distribution of
causes of death, i.e. the cause-specific cumulative risk of
death starting at ages A=30, 60 and 80 and followed to age
a=100 according to diabetes status and sex. The cumulative
risk of death from cause 1 (and similarly for other causes)
from age A to age a, was calculated as:

Fi(a) = /ll(u)S(u) du

where A is the mortality rate from cause 1. The survival
function S(a), was calculated as:

S(a) = exp —//ll(u)+lz(u)+...+/l5(u) du
4

The statistical model for the rates was used to estimate
the cause-specific rates every 1/20 year from age 30 to age
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Table 1 Causes of death in five and 18 categories and the number of deaths from the different causes between 1 January 1995 and 31 December 2008

ICD-10 codes Cause of death

Number of deaths

Five categories 18 categories Males Females
Non-DM DM Non-DM DM

Cancer 93,037 14,503 93,096 11,580
C34 Lung cancer 24,327 3,276 18,953 1,946
C18-C20 Colorectal cancer 11,842 1,835 12,306 1,543
C50 Breast cancer 117 22 16,542 1,853
Co61 Prostate cancer 13,196 1,893 0 0
C22 Liver cancer 1,672 619 1,220 245
C25 Pancreatic cancer 3,830 1,322 4,444 1,180
C00-C17, C19, C21, C23-24, C26-C33, Other cancers 38,053 5,536 39,631 4,813

C37-C49, C51-C60, C62-C97, D00-D0O9

Cardiovascular diseases 96,199 20,380 103,497 19,598
120-125 Ischaemic heart disease 49,659 11,500 45,451 9,924
160-169 Cerebrovascular diseases 24,127 4,804 33,514 5,675
100-115, 126-152, 170-199 Other cardiovascular diseases 22,413 4,076 24,532 3,999
E10-E14 Diabetes Diabetes 228 9,774 242 7,809
N17-N19 Renal failure Renal failure 1,825 485 1,469 387

Other causes 119,161 20,069 139,266 19,625
A00-B99 Infectious diseases 3,220 708 3,414 748
J00-J99 Respiratory diseases 30,540 4,865 34,578 4,820
K00-K93 Digestive diseases 15,439 3,454 16,407 2,879
NO00-N16, N20-N99 Other genitourinary diseases 2,584 569 2,813 563
V01-Y98 External causes 15,772 1,914 13,249 1,626
D10-D89, E00-E07, E15-E90, FO0-H95, Other causes 51,606 8,559 68,805 8,989

L00-M99, 000-T98, Z00-U99

See ESM Figs 1-8 for analyses by 18 causes of death
DM, diabetes mellitus

100, and these were used to compute the integrals as
cumulated sums.

When calculating the cumulative risk of death, it was
assumed that individuals without diabetes could not get
diabetes later in life; i.e. the diabetes incidence rates were
assumed to be zero. When the cross-sectional rates are used
to obtain the cumulative risk of death, the cumulative risk
of death does not reflect the risk of death in a birth cohort
because the cumulative risks are based on experiences from
many different cohorts. The cross-sectional rates were used
to obtain the cumulative risk of death among persons at
different ages (30, 60 or 80 years) by assuming that the age-
specific cross-sectional rates (from 2008) applied through-
out life. This parallels the standard way in which expected
lifetime is calculated in official publications.

The estimated cumulative risk of death from all
causes at age 100 was slightly less than 100%, so the
distribution of causes of death (at age 100) was rescaled
to sum to 100%.

The empirical distribution of causes of death in the

observation period was compared with the estimated distribu-
tion in order to illustrate the necessity of using a proper model.

The years of life lost due to diabetes was computed to
see how much diabetes shortens life and which causes of
death lead to most years of life being lost. Estimated years
of life lost due to diabetes from cause 1 (LL;) at age a was
computed by subtracting the cumulative risk of death from
cause 1 between age a and age 100 among persons without
diabetes from the cumulative risk of death from cause 1
among diabetic patients between the same ages:

00

LL(a)= / P{dead from cause 1 before u | diabetes & alive at a}
— P{dead from cause 1 before u | no diabetes & alive at a} du
The death probability from cause 1 between age a and u

among diabetic patients (and similarly for persons without
diabetes) was computed as:
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P{dead from cause 1 before u|diabetes ata}

u

= //Ilﬁd,«a(x)Sdia(x)/Sdia(a) dx

a

Total years of life lost due to diabetes (LL,) at age a
were computed as the sum of years of life lost from each
specific cause of death at age a:

LLa(a) = LLl (Cl) + LL2 (61) + LL3 (a) + LL4 (a) + LL5 (a)

This gives the same number as if LL, were based on total
mortality.

Tabulation of deaths from the registers was carried out in
SAS (Cary, NC, USA), version 9.1. All the statistical
analyses and graphs were done in R, version 2.12.0 (www.
R-project.org/).

Results

During the 14-year study period from 1 January 1995 to 31
December 2008, patients with diabetes contributed
2,276,450 person-years of follow-up, and persons without
diabetes contributed 45,077,431 person-years. During
follow-up, 124,210 individuals with and 648,020 individuals
without diabetes died.

In Table 1, the number of deaths from specific causes,
categorised into five and 18 categories, are shown. Only
results for the five causes of death are shown in this section
(whereas the results for the 18 causes of death can be found
in the electronic supplementary material [ESM] Figs 1-8).

Age-specific mortality rates In Fig. 1, the age-specific
mortality rates are shown for all causes and for the five
specific causes of death. The mortality rates for all causes
and the specific causes of death increased largely exponen-
tially with age, but for the highest ages the mortality rates
stabilised and even showed a tendency to decrease a little
for cancer. The highest mortality rates were seen for
cardiovascular diseases and other causes of death independent
of diabetes status and sex (Fig. 1).

There were also recorded deaths from diabetes among
persons without diabetes (see also Table 1). This is
presumably due to missing registrations in the Danish
National Diabetes Register of persons with diabetes or to
misclassification of the cause of death on the death
certificate. Therefore death from diabetes among those
without diabetes is not further discussed, although it enters
the calculation.

Age-specific mortality rate ratios In Fig. 2, the age-specific
mortality rate ratios (diabetes vs no diabetes) are shown.
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Fig. 1 Age-specific mortality rates. Blue, men; red, women; solid
lines, with diabetes; dotted lines, without diabetes. Based on all deaths
between 1 January 1995 and 31 December 2008. CVD, cardiovascular
diseases. See ESM Figs 1-8 for the results by subdivision for 18
causes of death

Mortality rates were higher among individuals with
diabetes than among those without diabetes for all causes
of death and for the specific causes of death. The rate ratios
(diabetes vs no diabetes) decreased with age, particularly
for renal failure and cardiovascular diseases. The highest
rate ratios were seen for renal failure and cardiovascular
diseases, the latter having rate ratios of about 3.5 at age 50
and 1.3 at age 90, whereas the rate ratio for cancer deaths
was about 2.3 at age 50 and 1.2 at age 90.

The effect of sex on the association between diabetes
and mortality varied with age and cause of death, but from
age 50 the mortality rate ratio was higher among females
than males from cardiovascular diseases, renal failure and
other causes of death, although almost the same for cancer
and all causes.

Change in mortality rates over time Mortality rates
decreased or remained stable over time except for renal
failure, for which the mortality rate seemed to increase over
time (Fig. 3). The mortality rates decreased more steeply
among patients with diabetes over time than among persons
without diabetes for all causes of death as well as for other
causes of death, in particular cardiovascular death, whereas
the temporal change in cancer mortality was similar.
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Fig. 2 Age-specific rate ratios (solid lines) and 95% CI (dotted lines)
for patients with diabetes compared with persons without diabetes.
Blue, males; red, females. Based on all deaths between 1 January 1995
and 31 December 2008. CVD, cardiovascular diseases. See ESM
Figs 1-8 for the results by subdivision for 18 causes of death

Therefore the mortality rate ratio (diabetes vs no diabetes)
was higher in previous years for all causes of death, other
causes of death and cardiovascular diseases (Fig. 3).

Estimated distribution of causes of death In Fig. 4, the
estimated distribution of causes of death is shown. For
persons alive at age 30, the lifetime risk of death (death
before age 100) from cancer and cardiovascular diseases
were both approximately 25% independent of sex and
diabetes status. The lifetime risk of death from other causes
was around 40% among patients with diabetes (males 38%,
females 40%) and a little below 50% among persons
without diabetes (males 45%, females 48%).

The largest difference between those with and without
diabetes was that individuals with diabetes had a lifetime
risk of approximately 12% of dying from diabetes, which
was mainly compensated by the lower lifetime risk of death
from other causes among this group (Fig. 4). When diabetes
was disregarded as a cause of death, the lifetime risk of
death from the specific causes was almost the same among
those with and without diabetes (results not shown).

Compared with persons alive at age 30, those alive at
age 60 had approximately the same distribution of causes of
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Fig. 3 Rate ratios relative to 2008 (thick lines) by calendar year and
95% CI (thin lines). Blue, males; red, females; solid lines, with
diabetes; dotted lines, without diabetes. Based on all deaths between 1
January 1995 and 31 December 2008. CVD, cardiovascular diseases.
See ESM Figs 1-8 for the results by subdivision for 18 causes of
death

death, whereas those alive at age 80 had a lower lifetime risk
of death from cancer and diabetes (among diabetic patients),
and a higher lifetime risk of death from cardiovascular
diseases and other causes (Fig. 4).

Estimated and empirical distribution of causes of death When
the empirical distribution of causes of death was compared
with the estimated distribution, it was clear that the
empirical fraction of deaths from cardiovascular diseases
was higher than that estimated, independent of diabetes
status and sex (Fig. 5). Among patients with diabetes, the
empirical fraction of deaths from cancer was lower than that
estimated. These differences largely reflect the age distri-
bution of the population, where the empirical calculations
tend to put more weight on the older age classes.

Estimated years of life lost due to diabetes Patients with
diabetes lost years of life from almost all the specific causes
of death. Male and female diabetic patients aged 30 lost on
average 9.6 and 8.1 years of life, respectively (Fig. 6). The
total number of years of life lost due to diabetes decreased
as age increased and was below 1 year among those aged
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Fig. 4 Estimated distribution of causes of death among those alive at
age 30, 60 and 80 years. For each pair of bars, the darker coloured
bars on the left denote persons without diabetes, and the lighter
coloured bars on the right denote those with diabetes. a Men, b
women. See ESM Figs 1-8 for the results by subdivision for 18 causes
of death

90. The higher mortality among diabetic patients was
primarily caused by a higher mortality from diabetes (males
4.7 years lost, females 3.1 years lost).

The oldest individuals with diabetes did not, however,
die earlier from other causes of death, but did on the
contrary die 0.1-0.2 years later from other causes of death
compared with those without diabetes. This is because
individuals with diabetes had a higher risk of death from
diabetes that was primarily compensated by a lower risk of
death from other causes of death.

Discussion

In our study, diabetes was associated with higher mortality
from all the specific causes of death, but the distribution of
causes of death was similar for persons with and without
diabetes. A higher mortality among individuals with
diabetes than without diabetes is supported by the findings
of several previous studies [1, 4, 17]. In our study, the
highest mortality rate ratios were for cardiovascular diseases
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and renal failure, which was also found in previous studies
[4, 6, 7]. This is not surprising since the main complications
of diabetes include cardiovascular and renal disease [18].

In our study, the cause-specific rate ratios decreased with
increasing age, which means that diabetes is most harmful
at younger ages. The reason why the rate ratio decreased
with increasing age for most causes of death is most likely
that persons without diabetes in the younger age groups are
in general healthy and have a very low mortality. Therefore
even a small harmful effect of diabetes on the body will
cause a high relative mortality among those with diabetes
compared with those without it at younger ages. Another
way of explaining the decreasing mortality rate ratio with
increasing age is by the concept of ‘frailty’, meaning that
the healthiest patients with diabetes will be most likely
to survive to older ages. At older ages, the average
duration of diabetes is also longer among the patients
remaining alive, and some previous studies have found
that the mortality rates decreased with a longer
duration of diabetes [7, 15]. It must, however, be kept
in mind that it is not a cohort of diabetic patients who are
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in different ages. See ESM Figs 1-8 for the results by subdivision for
18 causes of death

followed through life in this study, and therefore some
diabetic patients are diagnosed late in life and are not
necessarily the healthiest (least frail) group of those with
diabetes.

The mortality rates from cardiovascular diseases among
diabetic patients decreased more steeply over time (1995—
2008) than it did among persons without diabetes. This is
likely to be explained by a combination of earlier diagnosis
(and thereby a healthier diabetes population) and better
treatment of diabetes and its complications over time. In
Denmark, initiatives were set up over the period 1995-2008
to improve the treatment and reduce the complications of
diabetes, including initiatives from the Danish government
and the National Board of Health in Denmark [19, 20].
These initiatives are likely to influence the mortality from
cardiovascular diseases most and to a lesser degree death
from cancer and other causes.

In this study, the estimated distribution of causes of
death was not the same as the empirical distribution of
causes of deaths. The empirical fraction of cardiovascular
deaths was higher than the estimated fraction of cardiovas-
cular death (see Fig. 5). The estimated distribution of deaths
refers to a hypothetical cohort followed from birth to death.
The empirical distribution of deaths in the 14-year period of
the study is, in contrast to the estimated values, influenced

by the age distribution of the population, which has an
over-representation of individuals from the large birth
cohorts of the 1940s.

This study has several strengths. First, it covers a recent
time period and the entire Danish population from age 30 to
98, and is therefore among the largest studies looking at the
association between diabetes and cause-specific mortality.

Another strength of the study is that all causes of death
were studied, and because of the large study population, it
was possible to study the association between diabetes and
many specific causes of death stratified by age and sex and
still obtain relatively precise estimates. Therefore we were
able to apply a more detailed cause of death classification
than was the case for most previous studies.

A third strength is the absence of known diabetes in the
reference group. Thus, the estimated rate ratios in this study
are a more valid representation of the true risk of diabetes
on mortality than are the standardised mortality ratios
(SMRs) reported in most previous studies, where the
reference population also includes individuals known to
have diabetes. This is of importance with diabetes as the
prevalence of diabetes is 15-20% in ages over 70 [15].
Moreover, we reported the mortality rate ratio by age,
showing a substantial age effect, which means that any
overall SMR or mortality rate ratio is largely meaningless
because it will be a weighted mean of the SMRs or rate
ratios for different ages weighted with the population’s age
distribution, which clearly has no biological meaning.

Fourth, there is no selection bias as the entire population
was included. Loss to follow-up is also not a problem since
the registers cover the entire population and only a very
small proportion of the Danish population—approximately
1% —emigrate each year [21].

Many previous studies have looked at death certificates
to determine diabetes status, but these have been found to
underestimate the number of individuals with diabetes
because of an under-recording of diabetes on death
certificates [22-26]. Other studies have relied on self-
reported diabetes status, but this is also not very reliable
either since the under-reporting of diabetes status has been
found to be in the range 17-44% in some previous studies
[27-29]. A strength of this study is therefore that diabetes
status was determined by registration on the Danish
National Diabetes Register, an early edition of the register
having been found to have a positive predictive value and
sensitivity of almost 90% [30]. It would, however, have
been optimal to determine the diabetes status from clinical
measurements, but that would have made it impossible to
study the entire Danish population.

Cause of death was determined from the Cause of Death
Register, which is based on death certificates. The validity
of the cause of death registrations can be questioned
because previous studies have found that subsequent
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autopsies revealed an incorrect registration of the cause of
death on a relatively high proportion of death certificates
[31-34]. This is, however, a problem for all studies relying
on death certificates to determine the cause of death. Over
the period 1996-2005, autopsies were performed for
approximately 2.5% of all deaths in Denmark. In 2005,
the total autopsy frequency was 2.6%. Depending on age,
the autopsy frequency was 17%, 35%, 11% and 1%,
respectively, for those aged 0-19 years, 20-39 years, 40—
59 years and 60+ years [35]. Incorrect registration of cause
of death will obscure the cause-specific mortality rates. This
problem is probably largest in those aged 60 years or over
due to the low autopsy frequency for this group.

A limitation of the study was, however, the missing
information on lifestyle factors, which made it impossible
to control for possible confounders. How much of the
association between diabetes and cause-specific mortality
can be explained by uncontrolled confounding is hard to
tell, but a recent study found that diabetes was still associated
with an increased mortality even after controlling for many
confounding factors such as smoking status and body mass
index [6].

A second limitation of the study was that it was not
possible to distinguish between types of diabetes. The study
included the entire Danish population from age 30 to 98,
and since 80-85% of Danish patients with diabetes have
type 2 diabetes, the study results can be expected largely to
reflect the mortality among those with type 2 diabetes [36].
That the results found should be a reflection of the
mortality among patients with type 2 diabetes is supported
by previous studies. One study including a representative
cohort of the US population between 25 and 74 years of age
found that when persons who were likely to have type 1
diabetes (diagnosed before age 30) were excluded from the
analyses, the mortality rates hardly changed [24]. Another
population-based study including participants with type 1
and type 2 diabetes also found that, when excluding
patients with type 1 diabetes from the analyses, the SMRs
hardly changed [37]. This is to some extent attributable to
the fact that those with type 1 diabetes contribute a
relatively small fraction of patients.

When considering whether the results are applicable to
populations other than the study population, it is important
to remember that the study population is a homogenous
white population. Several studies have found that the
association between diabetes and mortality differs between
different ethnic groups, and therefore our results are
probably applicable only to similar ethnic populations [8, 9].
Aside from this, the association between diabetes and
mortality is most likely to be dependent on the healthcare
system and the diagnosis and treatment options for diabetes,
because early diagnosed and well-regulated diabetes is not as
harmful as late diagnosed and poorly regulated diabetes [38].
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Therefore the results are likely to be applicable only to
countries with a healthcare system providing free care for
diabetes, such as the Danish system.

In this study, the follow-up period was 14 years. It would
be relevant in the future, when longer follow-up data are
available, to repeat the study to see what the mortality rates
and the cumulative risks of death from different causes are
in the different birth cohorts and how this differs according
to diabetes status, sex and age.

In conclusion, diabetes was associated with a higher
mortality from all the specific causes of death. The
mortality rate ratios (diabetes vs no diabetes) for the
specific causes of death decreased with age and were
higher in previous calendar years compared with 2008 for
all causes of death, as well as for cardiovascular diseases
and other causes of death. The effect of sex on the
association between diabetes and mortality varied with the
age and cause of death. Patients with diabetes aged 30 lost
approximately 9 years of life compared with persons
without diabetes, the corresponding figure for 70-year-
olds being 3 years. The distribution of causes of death was
similar for those with and without diabetes. The estimated
distribution of causes of death was different from the
empirical distribution of causes of death, highlighting the
necessity of demographic methods to address demographic
questions.
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