Improved survival among patients with complicated
type 2 diabetes in Denmark: A prospective study
(2002-2010)
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Context: It is unclear to which extent recent advances in diabetes care have reduced the excess
mortality in patients with complicated type 2 diabetes.
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Objective: The aim of this study was to estimate time trends in mortality among patients with
complicated type 2 diabetes at the Steno Diabetes Center relative to the general Danish back-
ground population.
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.

Design, setting and study participants: We performed a longitudinal follow-up study from 2002
to 2010 of 5,844 patients with type 2 diabetes at Steno Diabetes Centre, Denmark. All-cause and
cause-specific mortality was identified from the national death register.

1 Endocr

Main outcome measures: Poisson regression was used to model mortality rates by sex, age, age of
diabetes onset, and calendar time.

Inica

Results: A total of 1,341 deaths occurred (men: 802; women: 539) during 32,913 person-years of
follow-up. Total mortality rates in the diabetes population decreased by 5.5 (95% CI: 2.9-8.0) %
peryearin menand by 3.3(0.0-6.4) % peryearinwomen. Among men but not women, this decline
was significantly steeper than the decline in mortality in the Danish background population (men:
-3.0(-5.6 t0 -0.4) %; women: -1.4 (-4.6 to 2.0) %). The decline in overall mortality was explained by
a decline in cardiovascular mortality for both men and women.

Conclusion: Overall and cardiovascular mortality have decreased during the last decade among
Danish patients with complicated type 2 diabetes, and for men the decline in mortality was more
pronounced than in the general population.
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or many years, it has been a well-known phenomenon
F that patients with type 2 diabetes have a doubled risk
of all-cause mortality as compared with the general pop-
ulation (1-3). However, data from recent years indicate
that this gap is narrowing (4—6). The Steno-2 Study, per-
formed 1993-2001, showed that aggressive multifactorial
treatment significantly reduced the risk of cardiovascular
disease (CVD) and death (7, 8). Asaresult of this and other
studies, more aggressive treatment strategies based on tar-
geting multiple risk factors have been implemented in the
clinical care of patients with type 2 diabetes (9). The ul-
timate goal of such strategies is to reduce the mortality
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among patients with type 2 diabetes to a level comparable
tonondiabetic individuals. However, it is unclear to which
extent recent advances in diabetes care have reduced the
excess mortality in patients with complicated type 2 dia-
betes. Therefore, we estimated mortality rates for patients
with type 2 diabetes at Steno Diabetes Center in Denmark
in the period from 2002 t0 2010, and compared these rates
with the concomitant mortality rates in the general Danish
background population.

Abbreviations:

J Clin Endocrinol Metab jcem.endojournals.org 1

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 15 March 2014. at 14:49 For personal use only. No other uses without permission. . All rights reserved.



2 Mortality in type 2 diabetes

Materials and Methods

Patient population. A total of 5,844 patients with type 2 diabetes
from Steno Diabetes Center in Gentofte, Denmark, were fol-
lowed in the period January first 2002 to December 31st2010 for
deaths and causes of death. All type 2 diabetes patients recorded
in the Steno electronic medical record system including patients
entering during the follow-up period were extracted. Via a
unique personal identification number used in Denmark, pa-
tients were linked to the Danish Civil Registration System and to
the Danish Register of Causes of Death for vital status and cause
of death. For all patients in the analysis we have recordings of
date of birth, date of diabetes diagnosis, presence of complica-
tions within the first year of inclusion in the study, and date and
cause of death.

Information on diabetes type, date of diagnosis, and compli-
cations was drawn from the electronic patient record at Steno
Diabetes Center. Any nephropathy, retinopathy, and neuropa-
thy are measured annually in 96%-99% of all patients, and
quality of care exceeds the national standards for 8 of 10 indi-
cators (10). Diabetic nephropathy was defined as a urinary al-
bumin/creatinine ratio = 3.5 mg/mmol (30 mg/g) in two of three
consecutive sterile urine samples. Retinopathy was defined as
any retinopathy and diagnosed based on mydriatic nonstereo-
scopic fundus photography and graded and classified using the
five-step Steno retinopathy scale (11). Information on CVD was
obtained from the Danish National Patient Register using
ICD-10 codes for ischemic heart disease, cerebrovascular dis-
ease, heart failure, peripheral
revascularization.

arterial  disease  or

General population. From Statistics Denmark we obtained data
on the total Danish population size from January first 2002 to 31
December 2010 by gender and age, as well as the number of
deaths in the Danish population subdivided by gender, age and
date of death.

Ethics. Informed consent and ethical approval are not required
for register studies in Denmark. Access to and use of the de-
scribed data are approved by the Danish Data Protection Agency
(7-No0:2007-58-0015).

Statistical analysis. Mortality rates were analyzed by a Poisson
model, using log-person-time as offset variable. Similarly, using
log-expected deaths as offset, the standardized mortality rate
(SMR) was modeled. For all-cause mortality the patients’ fol-
low-up (risk time and deaths) were split in 3-month intervals,
each interval recording the current age, date and diabetes dura-
tion. For each interval we attached the corresponding overall
population mortality rate (known in 1-year age and calendar
time intervals) and computed the expected number of deaths.
Based on the underlying cause of death for the patients at Steno
Diabetes Center we calculated cause-specific mortality for
deaths due to CVD, cancer, or other causes of death.

Both absolute mortality and SMR were analyzed with smooth
terms of current age, date of follow-up and duration of diabetes,
with a simple one-parameter (product) interaction between age
and diabetes duration. The midpoints of age, period and dura-
tion categories were used as continuous covariates, and the effect
of these were taken as smooth parametric functions, imple-
mented as natural splines. All analyses were done separately for
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men and women and data are reported with 95% confidence
intervals. All analyses and graphs were generated with R version
3.0.1 (www.R-project.org). A complete account of all statistical
analyses is available at:
http://bendixcarstensen.com/SDC/EPJmort/MortT2.pdf.

Results

Patient population. The characteristics of men and
women with type 2 diabetes at inclusion in the study are
shown in Table 1. The median follow-up time was 6 years.
A large proportion of the type 2 diabetes population had
complications at inclusion in the study, with approxi-
mately 70% of the patients having CVD and 40%-47%
having neuropathy or retinopathy (Table 1).

In the period 2002-2010, a total of 1,341 deaths oc-
curred in the population during 32,913 person-years of
follow-up, corresponding to 23% of men and 22% of
women. The most common cause of death was CVD fol-
lowed by cancer (Table 1).

Table 1. Characteristics of type 2 diabetes patients at
study entry and causes of deaths during follow-up
Men Women

Baseline
characteristics
n (%) 3423 (59) 2421 (41)
Age (years) 61 (53-69) 62 (53-72)
Follow-up time 6.0 (2.8-9.0) 6.1(3.1-9.0)
(years)
Diabetes 7 (3-13) 8 (3-14)
duration
(years)
Nephropathy 1173 (34) 566 (23)
Neuropathy 1613 (47) 963 (40)
Retinopathy 1426 (42) 983 (41)
Cardiovascular 2423 (71) 1630 (67)
disease

Causes of
death
during
follow-up
Total number 802 (23.4) 539 (22.3)
of deaths
Cardiovascular 276 (34.4) 197 (36.5)
disease
Cancer 174 (21.7) 111 (20.6)
Kidney disease 21(2.6) 13 (2.4)
Lung disease 50 (6.2) 32 (5.9)
(incl.
pneumonia)
Gastrointestinal 45 (5.6) 21(3.9)
disease
Infection 52 (6.5) 37 (6.9)
Accident 7 (0.9) 8(1.5)
Other 177 (22.1) 120 (22.3)

Data are median (interquartile range) or number (%).

The Endocrine Society. Downloaded from press.endocrine.org by [${individua User.displayName}] on 15 March 2014. at 14:49 For persona use only. No other uses without permission. . All rights reserved.


www.R-project.org
http://bendixcarstensen.com/SDC/EPJmort/MortT2.pdf

doi: 10.1210/jc.2013-3210

a Men b

Women

jcem.endojournals.org 3

at age 40 compared to those diag-
nosed at age 70 and SMR decreased

500

200

100

50

20

Mortality at 1 Jan 2010 (per 1000 PY)

| 40 50 60 70 l 40 50 60

by 3.2 (2.1-4.3) % per year of age at
diagnosis. Among women, age at di-
agnosis had a smaller effect on SMR
with a decline of 1.5 (0.1-2.9) % per
year of age at diagnosis (P for differ-
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over the study period in both men
(5.5(2.9-8.0) % per year; Figure 1e)
and women (3.3 (0.0-6.4) % per
year; Figure 1f). This decline was sig-
nificantly steeper than the corre-
sponding decline in the Danish back-
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per year; Figure 1f). However, the
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declines were not significantly differ-
ent between men and women (mor-
tality: P = .293; SMR: P = .433).
The decline in absolute mortality
among type 2 diabetes patients over
time was predominantly explained
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by a decline in CVD mortality of -9.8
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Figure 1. Mortality rates (a, b) and standardized mortality rates (c, d), and changes in these (e, 7
for type 2 diabetes patients diagnosed at ages 40, 50, 60 and 70 years. Full lines are changes in
absolute mortality and dotted lines are changes in standardized mortality rates (SMR). Blue curves

are for men and red curves are for women.

Absolute mortality rates. Absolute mortality rates by age
and sex for patients with diabetes onset at ages 40, 50, 60
and 70 years are shown in Figure 1a-b. The absolute mor-
tality increased exponentially with increasing age (linearly
on a log-scale) for both sexes. For men, we found that the
mortality was higher the younger the age at diagnosis, a
tendency which was only very weak among women. In
general, absolute mortality rates were higher for men than
for women at any age (Figure 1a-b).

Standardized moriality rates. Relative mortality rates in
the diabetes population as compared with the background
population (SMR) are shown in Figure 1¢-d. In men, SMR
was some 2-fold higher for those diagnosed with diabetes

T T
2008 2010 women. Death from cancer did not

change significantly over time (men:
-1.9 (-7.4 to0 4.0) % per year, wom-
en: 0.6 (-6.5 to 8.3) % per year), and
death from other causes changed in
men (-4.1 (-8.0 to-0.1) % per year),
but not in women (-1.0 (-5.9 to 4.1) % per year).

Discussion

Our study showed that total and CVD mortality rates
among Danish patients with complicated type 2 diabetes
have decreased during the last decade, and among men
mortality decreased faster than the mortality in the general
Danish population. However, type 2 diabetes patients still
have a substantial excess mortality, and especially men
with early age at diagnosis and women in younger ages are
at increased risk compared with the general population.

The annual decline in absolute mortality of 5.5% for
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4 Mortality in type 2 diabetes

men and 3.3% for women is comparable with results from
the entire Danish diabetes population, where an average
decline in absolute mortality of ~4% per year was seen
from 1995 to 2006 (5). Interestingly, the decline in excess
mortality (SMR) of 3% per year for men was more pro-
nounced in our population with type 2 diabetes than in the
entire Danish diabetes population, where SMR only de-
creased by 1% per year from 1995 to 2006 (5). This find-
ing is surprising, since 70% of the patients followed in our
study had CVD, making our study population at higher
risk than the general Danish diabetes population. How-
ever, our finding corresponds well with a recent study,
which reported a decline in excess mortality of 43 %—44%
(~3% per year) among diabetic vs. nondiabetic individ-
uals from Canada and the UK in the period 1996-2009
(6). Also other studies have found significant declines in
total mortality, cardiovascular mortality, and SMR dur-
ing the last two decades in patients with type 2 diabetes
(12, 13). These improvements are likely to be a result of
intensified multifactorial treatment, which was imple-
mented in many clinics following the results from the Ste-
no-2 (7, 8) and other studies.

Interestingly, we found that the younger at diagnosis,
the higher the mortality and the SMR; however, less pro-
nounced among women. In contrast, the inverse relation-
ship between age and SMR only seemed to exist for
women. The latter finding is supported by a Scottish study,
showing that younger women with type 2 diabetes have a
higher all-cause mortality than their older counterparts
and that the difference between diabetic men of different
ages is smaller (14). Whether these findings are caused by
gender differences in treatment and care of the patients
(15) or in the pathogenesis of type 2 diabetes (16) should
be examined in future studies.

Linkage of local patient data with national registers
substantially strengthens the quality of data used in this
study. Thus, our study was based on precise estimates of
mortality, and a direct comparison with the total popu-
lation in Denmark was possible. It should be noted though
that the patient population studied is not representative of
the general type 2 diabetes population. In Denmark, most
patients with type 2 diabetes are treated by general prac-
titioners and only complicated cases (including severe hy-
perglycemia or progressive diabetes complications) are re-
ferred to treatment in hospital outpatient clinics like Steno
Diabetes Center. Thus, the absolute mortality in the stud-
ied patients is likely to be higher than in other populations
of patients with type 2 diabetes. Therefore, the results
reported mostly apply to people with complicated diabetes
treated in specialist centers. Another limitation was that
we could not exclude patients with diabetes from the back-
ground comparison population. Assuming that mortality
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is higher among Danish diabetes patients than among peo-
ple without diabetes, the reported SMR in our study may
be slightly underestimated.

In conclusion, the absolute mortality of complicated
type 2 diabetes is decreasing, and for men the decline in
mortality is greater than that of the general population.
However, people with type 2 diabetes, and especially men
with long diabetes duration and younger women, still have
a markedly increased mortality compared with the age-
matched background population, suggesting that further
improvements in treatment and care of type 2 diabetes are

needed.
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