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Abstract
Aims/hypothesis Cardiovascular disease (CVD) event rates
are decreasing, but the prevalence of diabetes is increasing.
The effect of these developments on the population
attributable fraction (PAF) of CVD events due to diabetes
is not known.
Methods We used country-wide healthcare registers to
identify all persons aged 25–80 years treated for diabetes
in Finland during 1992–2002. These data were further
linked to the National Cardiovascular Disease Register to
identify the first CVD events (acute coronary syndrome and
ischaemic stroke) among the individuals with and without
diabetes. We calculated the annual PAF of the first CVD
events due to diabetes separately for men and women.
Results The number of men treated for diabetes each year
almost doubled during the study period from 37,073 to 69,158
between 1992 and 2002. Among women, the number
increased from 42,485 to 57,372. The annual number of first
CVD events in the country declined among men with diabetes
from 13,436 to 12,678 and among women with diabetes from
8,658 to 7,521 between 1992 and 2002. During the same
period, the PAF due to diabetes of the first CVD events
increased among men from 11.4% (95% CI 10.8, 12.0%) to
13.8% (95% CI 13.2, 14.5%) and decreased among women
from 20.1% (95% CI 19.2, 21.0%) to 16.9% (95% CI 15.9,
17.8%). The trends in PAF were different between the
sexes (p<0.001 for the interaction year × sex).

Conclusions/interpretation Despite the very large increase
in the prevalence of diabetes, the PAF of the first CVD
events due to diabetes decreased in women and increased
only slightly in men.
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Abbreviations
ACS Acute coronary syndrome
CVD Cardiovascular disease
ICD International Classification of Diseases
PAF Population attributable fraction

Introduction

Decreasing trends in cardiovascular event rates have been
described in the general population in many countries from
the 1980s to the 1990s, with some levelling off towards the
new millennium [1–4]. On the other hand, the prevalence of
diabetes is rapidly increasing in most countries [5], and it is
known that diabetes approximately doubles the risk of
cardiovascular disease (CVD) [6]. This may again lead to
an increase in the number of CVD events.

The treatment and control of CVD risk factors, such as
high blood cholesterol and high blood pressure, have
improved among persons both with and without diabetes
[7, 8], but other risk factors known to worsen the metabolic
control of individuals with diabetes, such as BMI and
abdominal obesity, are increasing [9]. The net effect of these
conflicting developments on the population attributable
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fraction (PAF) of CVD events due to diabetes is not known.
The large INTERHEART study estimated that 10% of
myocardial infarctions in different countries were due to
diabetes [10]. The recently published INTERSTROKE
Study estimated that 7.9% of ischaemic strokes were caused
by diabetes [11]. Both INTERHEART and INTERSTROKE
were cross-sectional case–control studies, which did not
assess longitudinal trends. There is some evidence that the
CVD risk in the diabetic population is decreasing [12, 13]
and also some evidence that the PAF of CVD due to diabetes
may be increasing [14].

Mortality from CVD has been very high in Finland, but
a steady decline in the mortality rate has taken place since
the early 1970s [15]. The incidence of diabetes, known to
be a major risk factor for acute coronary syndrome (ACS)
and stroke, is rapidly increasing in Finland [16]. These two
simultaneous phenomena can result in increasing CVD
mortality and morbidity attributable to diabetes. Our aim
was to examine whether the PAF for the first ACS, the first
ischaemic stroke and the first CVD event (either ACS or
stroke) in patients with diabetes had changed from 1992 to
2002 in Finland. We hypothesised that the PAFs of these
adverse events due to diabetes would be increasing.

Methods

This study was accomplished by using data from four
Finnish national registers: The National Hospital Discharge
Register, the register of all medicines reimbursed in
Finland, the register of patients with special reimbursement
for certain diseases such as diabetes, and the Causes-of-
Death Register, covering the total population of 5.3 million
people. The personal identification code made it possible to
link the personal records across different registers. We used
the reimbursement registers and the Hospital Discharge
Register to identify all those treated for diabetes, and the
Hospital Discharge Register and the Causes-of-Death
register to identify all cases of ACS and stroke. The
National Cardiovascular Disease Register, which is based
on record linkage of the cardiovascular sections of the
National Hospital Discharge Register and the National
Causes-of-Death Register, was used to identify all ACS and
ischaemic stroke events in both diabetic and non-diabetic
individuals. The National Cardiovascular Disease Register
has been described in detail [17–19]. A detailed description
of the study register is available [20]. The study has been
approved by the Ethical Committee of the National Institute
for Health and Welfare.

Identification of ACS and ischaemic stroke International
Classification of Diseases (ICD) ICD-9 (www.icd9data.
com/2007/Volume1/240-279/250-259/250/default.htm)

codes 410, 4110 and ICD-10 (www.who.int/classifications/
icd/en/) codes I20.0, I21 and I22 were used for identifying
cases of non-fatal ACS in the National Hospital Discharge
Register. ICD-9 codes 433–434 and 436 (excluding codes
4330X, 4331X, 4339X and 4349X) and ICD-10 codes I63–
I64 (excluding code I63.6) were used for identification of
non-fatal ischaemic stroke. Fatal cases of ACS were
identified with ICD-9 codes 410–414 and 798 and ICD-
10 codes I20–I25, I46, R96 and R98 in the Causes-of-
Death Register when used as the underlying or direct
cause of death. The wider range of ICD codes was used
for fatal events to fully capture out-of-hospital coronary
deaths, for which clinical information may remain
limited, despite the fact that an autopsy is often
performed for such cases in Finland. Of the causes
contributing to death, we included ICD-9 code 410 and
ICD-10 codes I21–I22. Fatal cases of ischaemic stroke
were identified on the basis of the same ICD-9 and ICD-10
codes as explained above for the non-fatal cases when used as
the underlying, direct or contributing cause of death in the
National Causes-of-Death Register.

A 4-year period without ACS or ischaemic stroke was used
as a rule for both a fatal and a non-fatal first event; this was
because the Hospital Discharge Register data went back to
1988. We kept the same 4-year rule throughout the study. In
addition, the same 4-year rule was applied to patients who had
had an ACS or stroke before they developed diabetes.

Analysis The number of patients with diabetes, the number
of first ACS events, the number of first ischaemic strokes
and the PAF due to diabetes were calculated for each year
separately for men and women. We included in the study all
patients in the age range 25–80 years for each year. All
calculations were made by full calendar years; in other
words, if diabetes was diagnosed after the CVD event
during the same calendar year, the event was considered to
be a diabetic event. Annual population counts were
obtained from the National Population Information
System. The PAF due to diabetes was also counted by
combining the figures for both cardiovascular events, i.e.
either the first ACS or the first ischaemic stroke for an
individual with diabetes.

We calculated the annual PAF (and 95% CI) of the
first ACS and first ischaemic stroke due to diabetes
according to the formula PAF ¼ Pe� RR� 1ð Þð =

1þ Pe� RR� 1ð Þð Þð Þ � 100, where Pe is the estimate
of population exposure [21]. Trends for PAF were
estimated by using log–linear regression models with the
year as an independent variable. We also analysed whether
PAF differed by the age group (25–54, 55–64 and 65–
80 years old) in both sexes. The statistical analyses were
carried out using SAS software version 9.1.3 (SAS,
Chicago, IL, USA).
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Results

We identified a rapidly growing number of persons aged
25–80 years with diabetes in Finland over the years 1992–
2002. The number of men treated for diabetes each year
almost doubled during the study period, from 37,073 to
69,158 between 1992 and 2002. Among women, the
increase was from 42,485 to 57,372. Despite the increasing
number of diabetic individuals, the annual number of first
ACS events among persons with diabetes declined (among
men from 10,211 in 1992 to 9,406 in 2002, and among
women from 5,626 to 4,796), while the annual numbers of
first ischaemic strokes stayed stable in men and declined in
women. The annual rates of first ACS and ischaemic stroke
events in diabetic persons (expressed per 100,000 individuals
with diabetes) clearly declined (Table 1 and electronic
supplementary material [ESM] Table 1).

The total number of individuals in the country with either a
first ACS or first stroke event declined during the study period
from 13,436 in 1992 to 12,678 in 2002 among men and from
8,658 to 7,521 among women. The corresponding annual
rates of first ACS and ischaemic stroke events in the total
population (expressed per 100,000 inhabitants) are presented
in Table 2 and ESM Table 2, and show a clear decline. The
ill-defined causes of death, R96, R98 and I46, were rare and
constituted only 0.7% of fatal ACS cases. Of these, 98.6%
were identified based on autopsy.

The PAF of the first ACS due to diabetes showed a
diverging trend for men and women. Among men PAF

increased from 11.6% (95% CI 10.9%, 12.3%) to 15.0%
(95% CI 14.2%, 15.8%) (p for trend <0.0001) from 1992 to
2002, whereas among women PAF decreased non-
significantly from 22.0% (95% CI 20.9%, 23.2%) to
20.6% (95% CI 19.4%, 21.8%) (p for trend 0.102; Table 3
and ESM Table 3). The trends in PAF were significantly
different between the sexes (p<0.001 for the interaction
year × sex).

A similar trend, but with a different strength of
development, was found for the PAF of the first
ischaemic stroke due to diabetes. Men had a PAF that
increased from 14.8% (95% CI 13.6%, 16.0%) in 1992
to 16.0% (95% CI 14.7%, 17.3%) in 2002 (p for trend
0.065), whereas the PAF for women decreased from 21.5%
(95% CI 20.1%, 22.9%) to 15.1% (95% CI 13.7%, 16.4%)
(p for trend <0.001; Table 3 and ESM Table 3). Again, the
trends in PAF were significantly different between the sexes
(p<0.001 for the year × sex interaction).

The PAF of the first ACS remained at higher level for
women than men, but the PAF of the first ischaemic stroke
declined during the study period to a lower level among
women than among men.

Analyses of the PAF of the first CVD event (either
ACS or stroke) due to diabetes showed an increasing
trend among men from 11.4% (95% CI 10.8%, 12.0%) to
13.8% (95% CI 13.2%, 14.5%) (p for trend <0.0001), and
a decreasing trend among women from 20.1% (95% CI
19.2%, 21.0%) to 16.9% (95% CI 15.9%, 17.8%) (p for
trend 0.0005) (Table 3 and ESM Table 3). These trends

Year Prevalence of diabetes Rate of the first ACS event Rate of the first stroke event Rate of the first CVD event

Men Women Men Women Men Women Men Women

1992 2,314 2,474 3,755 3,175 1,799 1,977 4,866 4,493

1997 2,846 2,579 3,193 2,637 1,597 1,675 4,245 3,812

2002 4,078 3,239 2,512 1,938 1,139 1,004 3,183 2,562

Table 2 The rates of first ACS, first ischaemic stroke or first CVD event (either first ACS or first stroke event) in the total population of Finland
in men and women per 100,000 inhabitants aged 25–80 years in 1992, 1997 and 2002

Year Rate of the first ACS event Rate of the first stroke event Rate of the first CVD event

Men Women Men Women Men Women

1992 637 328 248 208 839 504

1997 567 291 253 195 775 456

2002 555 271 239 183 748 425

Table 1 The crude prevalence of diabetes (per 100,000 inhabitants) among men and women aged 25–80 years and the rates of first ACS, first
ischaemic stroke or first CVD event (either first ACS or first stroke) in diabetic patients (per 100,000 individuals with diabetes) aged 25–80 years
in Finland in 1992, 1997 and 2002
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were significantly different between the sexes (p<0.001
for the interaction year × sex). PAF increased clearly by
age in women, whereas in men the increase was modest
(Table 4).

Discussion

Despite the considerable increase in the prevalence of
diabetes, the PAF of the first CVD event decreased in
women and increased only slightly in men. This suggests
that the risk of CVD in diabetic individuals has markedly
decreased. Nevertheless, the contribution of diabetes to the
burden of the first CVD events remained considerable and,
in spite of the different developments between the sexes,
stayed clearly higher in women than in men. In the last year
of our study, the PAF of the first CVD event due to diabetes
was 13.8% in men and 16.9% in women. The PAF of the
first stroke reached the same level among women as among
men, 15.1% vs 16.0% in 2002. If this development

continues in the same direction, the difference between
the sexes in the PAF of the first CVD event may disappear
during the next 10 years.

Very few studies have recently analysed the PAF of CVD
due to diabetes. Our findings, showing an increasing PAF of
the first CVD event due to diabetes in men, was in line with the
report from the Framingham Heart Study [14]. In the
Framingham Heart Study, the researchers followed a narrower
age group of individuals (45–64 years) than we did. They
examined all CVD events, not only the first ones, including
also transient ischaemic attacks, claudication and heart
failure. The study showed no change in the PAF for women,
whereas we found a significant reduction. In our study, the
differences between the sexes in terms of having a first ACS
or stroke event could be a result of differences in the intensity
of treatment of risk factors or different responses to treatment.

The decreasing trend was significant for the PAF of the
first ischaemic stroke in women, but not significant for the
first ACS. The increasing trend was significant for the PAF
of the first ACS in men, but not significant for the first

Table 3 PAF and trends in PAF of first ACS, first ischaemic stroke or first CVD event (either ACS or stroke) due to diabetes among men and
women aged 25–80 years in Finland in 1992, 1997 and 2002

Year PAF (95% CI) for the first ACS PAF (95% CI) for the first stroke PAF (95% CI) for the first CVD event

Men Women Men Women Men Women

1992 11.6 (10.9, 12.3) 22.0 (20.9, 23.2) 14.8 (13.6, 16.0) 21.5 (20.1, 22.9) 11.4 (10.8, 12.0) 20.1 (19.2, 21.0)

1997 13.6 (12.8, 14.3) 21.3 (20.1, 22.5) 15.6 (14.4, 16.8) 20.1 (18.7, 21.6) 13.1 (12.5, 13.8) 19.5 (18.6, 20.4)

2002 15.0 (14.2, 15.8) 20.6 (19.4, 21.8) 16.0 (14.7, 17.3) 15.1 (13.7, 16.4) 13.8 (13.2, 14.5) 16.9 (15.9, 17.8)

Trenda p<0.0001 p=0.102 p=0.065 p<0.001 p<0.0001 p=0.0005

a p value for the linear trend during the study period

Table 4 PAF of first ACS, first ischaemic stroke and first event of either of these (CVD) with 95% CI by age group in men and women in 1992
and 2002 in Finland

Disease Age group (years) Men Women

1992 2002 1992 2002

ACS 25–54 7.6 (6.2, 8.9) 10.8 (9.1, 12.5) 11.2 (7.3, 14.9) 6.3 (3.4, 9.1)

55–64 7.9 (6.6, 9.2) 10.8 (9.5, 12.5) 16.1 (13.1, 19.0) 13.4 (10.2, 16.4)

65–80 8.3 (7.2, 9.3) 11.2 (7.3, 14.9) 18.4 (17.0, 19.8) 17.4 (15.9, 18.9)

Stroke 25–54 9.0 (6.4, 11.5) 8.1 (5.4, 10.7) 5.2 (2.0, 8.4) 4.0 (1.2, 6.7)

55–64 12.9 (10.3, 15.4) 13.2 (10.4, 15.9) 16.5 (12.6, 20.3) 7.9 (4.6, 11.0)

65–80 10.9 (9.3, 12.5) 10.3 (8.5, 12.1) 18.1 (16.4, 19.8) 11.3 (9.5, 13.0)

CVD 25–54 7.1 (6.0, 8.3) 6.4 (5.2, 7.6) 8.1 (5.6, 10.7) 4.4 (2.5, 6.3)

55–64 7.8 (6.6, 8.9) 10.4 (9.0, 11.9) 14.9 (12.6, 17.2) 10.1 (7.9, 12.3)

65–80 8.0 (7.1, 8.9) 8.9 (7.9, 10.0) 16.3 (15.2, 17.4) 13.3 (12.1, 14.5)
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ischaemic stroke. The diverging development for men and
women is probably mainly due to the greater increase in
obesity among men than women [15], which has increased
the number of cases of diabetes more in men than in
women. Interestingly, the PAF of the first CVD event due to
diabetes decreased among women, although the number of
women with diabetes increased. This suggests that the total
CVD risk has decreased among diabetic women, or that the
share of other risk factors may have increased. It is known
that the prevalence of smoking increased among women
during the study period, and this may have reduced the PAF
due to diabetes. The distinct increase in PAF by age in
women is probably due to the increase in the prevalence of
diabetes with increasing age, but it is not clear why PAF is
not increasing in men in the same manner.

The strengths of our study are the long study period, the
large number of diabetic patients and the fact that we were
able to cover the total population of the country, all diabetic
patients treated with medications and all CVD events,
including out-of-hospital sudden coronary deaths. The main
limitation was that we could not identify diabetic individuals
treated with diet alone, which may make our estimates of PAF
somewhat conservative. Another limitation was that our study
setting did not allow us to take other risk factors into account
in PAF calculations to better control for confounding. The
4-year event-free rule may not have excluded all people with a
prior ACS or stroke, and improvements in medical care may
mean that the proportion of recurrent events mistakenly
identified as incident events has increased over time.

In conclusion, the PAF of the first CVD event due to
diabetes was high and increased slightly among men.
Somewhat surprisingly, the PAF decreased among women,
despite the increasing number of women with diabetes.
This suggests that the risk of a CVD event has declined
considerably among women with diabetes. Nevertheless,
the PAF of the first CVD event due to diabetes remained
higher among women than men.
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