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Abstract
Aims/hypothesis We analysed whether the prognosis of a
first acute coronary syndrome (ACS) in patients treated for
type 2 diabetes has improved. We also compared the trends
in patients with and without diabetes.
Methods We used national registers to identify all patients
with clinically known type 2 diabetes in Finland during the
years 1988 to 2002 (n=222,940). All first-ever ACS events
(n=43,412) among these patients were identified using the
Hospital Discharge Register and the Causes of Death
Register. From the National Cardiovascular Disease Regis-
ter we identified all first ACS attacks (n=191,403) among
non-diabetic patients in the country. Finally, we calculated
annual age-standardised case fatality rates for ACS for three
time periods: prehospital, days 0 to 27 and days 28 to 364
after the first ACS.
Results The case fatality rate of first ACS declined
significantly in both sexes at all time points considered.
The declining trends were not different between patients
with type 2 diabetes and those without. Among men aged
35 to 74 years, 58.5% (95% CI 57.6–59.4%) with type 2
diabetes and 44.1% (95% CI 43.8–44.5%) without diabetes
had died from cardiovascular causes 1 year after their first
ACS. Among women of the same age, the corresponding
figures were 54.2% (95% CI 53.0–55.4%) and 36.5% (95%
CI 35.9–37.1%). Men generally had higher case fatality
rates than women. However, except for prehospital deaths,

diabetic women had the same or even higher case fatality
rates than non-diabetic men.
Conclusions/interpretation The case fatality rates for first
ACS show similar improving trends in patients with type 2
diabetes and in those without. However, case fatality rates
have remained higher in patients with type 2 diabetes.
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Introduction

Diabetes mellitus, especially type 2 diabetes, is becoming
more and more common [1, 2]. In Finland, the number of
persons treated for type 2 diabetes has doubled during the
last 12 years, an increase that, so far, has not begun to slow
down [3]. Diabetes is a severe risk factor for CHD death,
increasing the risk among men two- to threefold and among
women to three- to sixfold [4, 5]. In principle, the elevated
risk of CHD death in diabetic individuals can be due either
to increased incidence of acute coronary syndrome (ACS)
events or increased case fatality rates or both.

Studies have shown that the incidence of ACS events is
increased in diabetic individuals [6]. Earlier research also
showed that the case fatality rates for ACS events in
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diabetic individuals is elevated and that the prognosis is
worse than in non-diabetic persons [7–10]. Some studies
have suggested that the prognosis for diabetic women after
an acute myocardial infarction is worse than that for
diabetic men [11].

Studies on time trends have suggested that declines in
heart disease mortality rates are smaller in diabetic than in
non-diabetic individuals [12]. However, the literature on
time trends in case fatality rates for ACS among persons
with diabetes is conflicting. It is well established that the
acute treatment of ACS patients has improved substantially
during the last two decades, accompanied by advances in
secondary prevention measures among ACS survivors. It is,
however, unclear to what extent diabetic patients have
benefited from this favourable general development. Stud-
ies from the USA, Sweden and UK have suggested that the
trends have been less favourable in diabetic than in non-
diabetic ACS patients [12–14]. These studies also indicate
that development has been very slow in diabetic women.
Results conflicting with the above have also been reported,
with researchers from Ontario, Canada, and from Framing-
ham, USA, reporting similar per cent reductions in the
incidence and mortality rates for diabetic and non-diabetic
patients incurring an ACS or a stroke [15, 16].

The aim of the present study was to examine, using data
on all known diabetic patients in Finland from 1992 to
2002, whether the case fatality rates for a first ACS event
among patients treated for type 2 diabetes have changed.
We analysed trends in case fatality rates for three periods in
relation to the ACS event: (1) prehospital case fatality
(sudden cardiac deaths); (2) total 28-day case fatality (days
0–27, including prehospital deaths); and (3) 1-year case
fatality for 28-day survivors (i.e. days 28 to 364). The
trends in patients with type 2 diabetes were compared with
corresponding trends among all patients in the country
without known diabetes.

Methods

Data sources Data for this study originated from a record
linkage of several countrywide healthcare registers. The
first was the Drug Reimbursement Registers of the National
Social Insurance Institute. In Finland, all patients with
diabetes received hypoglycaemic medications free of
charge during the study period. To receive this ‘special
reimbursement’, the patient needs to obtain from his/her
physician a statement documenting the clinical and labora-
tory findings that have led to the diagnosis of diabetes. This
statement is then reviewed by an expert physician of the
Social Insurance Institute before the special reimbursement
is granted. The Social Insurance Institute keeps a register of
all patients entitled to special reimbursements. The National

Social Insurance Institute requires that before a special
reimbursement can be paid, the patient must have been
treated with strict diet for half a year. However, patients
with very high blood sugar often receive hypoglycaemic
medicines earlier. These are reimbursed by the Social
Insurance Institute at the standard rate (about half the
price). Such standard-rate reimbursements have been
registered since 1994. It should, however, be noted that
the registers of the Social Insurance Institute do not include
diabetic patients treated by diet only. They also do not
include permanently institutionalised patients who receive
their medications from their institutes. The second register
used is the National Hospital Discharge Register of the
National Research and Development Centre for Welfare
and Health. All hospitalisations in Finland are included in
this register. The physician in charge of treatment records
up to four diagnoses for each hospitalisation using the
International Classification of Diseases (ICD) codes. Before
1996, ICD-9 (www.icd9data.com/2007/Volume1/240-279/
250-259/250/default.htm) was used in Finland; since the
beginning of 1996 ICD-10 (www.who.int/classifications/
icd/en/) has been used. The third healthcare register
accessed was the National Causes of Death Register of
Statistics Finland. All deaths of Finnish citizens and
permanent residents are included in this register. The
physician in charge of treatment codes the underlying and
direct cause of death using ICD codes. The coding is then
checked and revised if necessary by a nosologist working
under the guidance of a specialist in forensic medicine at
Statistics Finland. Cardiovascular diagnoses in the Finnish
Hospital Discharge Register and in the Causes of Death
Register have recently been validated and were found to be
reliable [17].

The whole population of Finland (about 5.2 million
inhabitants) is covered in the registers listed above. These
registers can be linked together on an individual basis using
the personal identification code (ID), which is unique to
every permanent resident of Finland. Here, after the record
linkage procedures had been performed, the personal ID
was replaced by an artificial study ID to create an
anonymous data set for analyses. The Ethical Committee
of the National Public Health Institute approved the study.

Identification of diabetic patients and type of diabetes All
patients who had received special reimbursements for
hypoglycaemic medication between 1964 and 2002 or had
received standard reimbursement for hypoglycaemic med-
ication between 1994 and 2002 were identified from the
drug reimbursement registers (Anatomic Therapeutic
Chemical code A10). Similarly, all persons hospitalised
between 1988 and 2002 and for whom diabetes was
mentioned as one of the diagnoses (ICD-9 codes 250,
ICD-10 codes E10–E14) were included. The date of first
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reimbursement or first diabetes diagnosis was taken as the
‘incidence date’ of diabetes. The Electronic supplementary
material (ESM) Fig. 1 shows a graphical presentation of
how study data were compiled. A more detailed description
of how individuals with diabetes were identified is also
available [18].

The type of diabetes was determined on the basis of age
at the time of first diagnosis and the type of treatment
given. Patients who were <30 years of age and treated with
insulin only or in combination with metformin, as well as
those who were aged between 30 and 40 years when
treatment with insulin only began were considered to have
type 1 diabetes. In addition, patients with diabetes who
were <30 years of age and in chronic institutional care were
considered to have type 1 diabetes, if the type of medical
treatment was unknown. All others were considered to have
type 2 diabetes. Overall, 31,725 persons (12.5% of all
identified diabetic persons) were considered to have type 1
diabetes and were excluded from the present study.

Identification of the first acute coronary syndrome Cases of
ACS (myocardial infarction, unstable angina pectoris and
coronary death) among all persons treated for type 2
diabetes were identified from the National Hospital Dis-
charge Register and the Causes of Death Register between
1988 and 2002. In practice, all patients with symptomatic
ACS are treated in hospitals in Finland. We used the ICD-9
codes 410 and 4110, and the ICD-10 codes I20.0, I21 and
I22 for case identification in the National Hospital
Discharge Register. For fatal cases, we used ICD-9 codes
410–414 and 798, and ICD-10 codes I20–I25, I46, R96 and
R98 in the Causes-of-Death Register.

We excluded all persons who had had an ACS before
diabetes was mentioned for the first time in the registers
(n=6,801). We also excluded all those who were living
abroad according to the reimbursement register markings
(n=11). Five persons were excluded because of illogical
data in the registers (hospital discharge records after death).

The study period for trend analyses included the years
1992 to 2002. For 1 year survival, however, 2001 was the
last year included. First ACS was defined as no prior
hospitalisation for ACS in the National Hospital Discharge
Register during the preceding 4 years. The period of 4 years
was chosen because for the year 1992 we could check back
the years 1991, 1990, 1989 and 1988. This 4 year period
was retained for the later study years to avoid creating
systematic bias. We estimated from our material that this
4 year period left us with about 8% falsely identified ‘first’
ACS events. A 2 year rule would have given us about 15%
falsely identified ‘first’ ACS events; a 7 year rule would
have left us with about 3% false ‘first’ ACS events. Thus
the 4 year period was chosen as the best available option to
standardise trend estimates for earlier ACS events.

Outcomes Coronary death (ICD codes as mentioned above
for ACS) was used as the outcome for prehospital fatality.
Cardiovascular disease (CVD) death was used as the
outcome for 28-day case fatality and for 1 year fatality of
28-day survivors. CVD death was identified from the
Causes of Death Register with ICD-9 codes 410–414, 798
and 430–438 (except 4378A), and ICD-10 codes I20–I25,
I46, R96, R98, G45 and I60–I69 when these were used as
the underlying or direct cause of death. For contributing
causes of death we included ICD-9 codes 410 and 430–436
(except codes 4330X, 4331X, 4339X and 4349X), and
ICD-10 codes I21–22 and I60–64 (except I63.6).

The comparison material For comparison, we calculated
the same case fatality proportions for patients without
diabetes using data from the National Cardiovascular
Disease Register, which is based on record linkage of the
National Hospital Discharge Register and the National
Causes of Death Register. This register covers all ACS
events in Finland that have led to hospitalisation or death.
The register has been described in detail previously [19, 20]
and summary tables as well as methodological background
are available on the Internet [21]. The same ICD codes and
the same definition of first ACS events were used in this
comparison material as in the diabetic material. Since we
had no personal ID code available in our diabetes register,
we used probability-based linkage of our diabetes register
and the National Cardiovascular Disease Register to
identify and remove diabetic persons from the National
Cardiovascular Disease Register. For 45 persons (0.1% of
the diabetic patients) the linkage failed and they were
excluded from the comparison material. The remaining
191,403 persons were all patients with a first ACS and
without clinically known diabetes in Finland during the
study period 1992–2002. The annual numbers of ACS
patients in Finland, divided by diabetes status and sex, are
shown in ESM Table 1.

Statistical methods The case fatality proportions of first
ACS events were computed separately by sex and age for
the age groups 35 to 64 years, 65 to 74 years, 75 to 84 years
and 85 to 94 years. Grouping was based on age at the time
of the ACS. Patients who were younger than 35 and older
than 94 at the time of ACS were excluded. The fatality
proportions were age-standardised using weights derived
from the age distribution of myocardial infarction patients
in the myocardial infarction registers of the WHO Moni-
toring Trends and Determinants on Cardiovascular Diseases
(MONICA) Project, extending the weights to higher age
groups as described previously [22].

The trends in prehospital CHD deaths were analysed
using logistic regression and odds ratios (OR, per 1 year
increment in time) since there was no follow-up time for
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these events. The variables of main interest were the study
year, diabetes status (0=non-diabetic, 1=type 2 diabetes)
and the study year by diabetes status interaction, which was
used to evaluate whether the case fatality trends differed
between non-diabetic persons and persons with type 2
diabetes. The models were further adjusted for age in 5-year
age groups and the university hospital district. When
analysing trends in total 28-day CVD case fatality and
28–364 day CVD case fatality, we took the survival times
into account by using Cox proportional hazards regression
and HR. Otherwise the modelling was similar to that for
prehospital deaths explained above. The time scale for Cox
models on 28-day case fatality rates started from date of
hospitalisation or from date of sudden death. The statistical
analyses were carried out using SAS software version 9.1.3
(SAS, Chicago, IL, USA).

Results

We identified 222,940 patients aged 35 to 94 years with
type 2 diabetes. Of them, 18,076 men and 21,295 women
suffered their first ACS during the years 1992 to 2001.
Almost two thirds of them died of cardiovascular causes
within a year after the first ACS event (Table 1). Compar-
ison of patients with type 2 diabetes and those without
diabetes showed that fatality during the first year was
clearly higher among persons with type 2 diabetes than
among those without diabetes (65.2% vs 56.5%, i.e. 8.7
percentage points higher, for men; 61.0% vs 48.3%, i.e.
12.7 percentage points higher, for women).

Prehospital case fatality rates declined over time both
among patients with type 2 diabetes and among non-
diabetic ACS patients (Fig. 1). Declining trends were seen
in both sexes in all four age groups. Testing of diabetes by
study year interactions showed that the trends in type 2
diabetes patients did not differ from those in non-diabetic
patients, except for women aged 85 to 94 years, where the
data suggested a steeper decline in diabetic women
(Table 2). Prehospital case fatality rates were higher among
men than women, but the difference disappeared after the
age of 85. In the 35 to 64 year age group. the OR for
diabetes was non-significantly higher than 1.0, but after the
age of 65 it was significantly less than 1.0, becoming
progressively smaller in the older age groups.

The 28-day case fatality rates of ACS declined in
patients with type 2 diabetes and in non-diabetic patients
in both sexes and in all age groups (Fig. 2). Proportional
hazards regression analysis demonstrated that the declining
trends were significant and did not differ between patients
with type 2 diabetes and non-diabetic patients (Table 3).
Type 2 diabetes was associated with a 34% higher 28-day

case fatality rate in men (vs non-diabetic) and a 69% higher
case fatality rate in women (vs non-diabetic) in the 35–
64 years age group. In the older age group the
corresponding excess case fatality rate became progressive-
ly smaller.

Among the 28-day survivors, the age-standardised
cardiovascular fatality rate during days 28 to 364 decreased
significantly and quite substantially among persons with
type 2 diabetes and among non-diabetic patients with a first
ACS (Fig. 3, Table 3). Again, the trends did not differ
between patients with type 2 diabetes and non-diabetic
patients. However, the fatality rate was considerably higher
in patients with type 2 diabetes, namely 187% higher in men
and 484% in women aged 35 to 64 years. Even in the
85–94 years age group, the 28 to 364 day case fatality rate
was 56% higher among diabetic men and 45% higher among
diabetic women than among non-diabetic counterparts

Discussion

Using large countrywide materials, our study showed
that patients with type 2 diabetes have experienced a
similar improvement to non-diabetic patients in case
fatality rates for a first ACS event. However, the level of
case fatality has remained significantly higher in diabetic
than in non-diabetic individuals. Of particular concern is
the 28 to 364 day period, where the case fatality among
patients with type 2 diabetes was more than twice as
high as in non-diabetic patients. As a whole, over 60%
of patients with type 2 diabetes and a first ACS died of
CVD causes within 1 year after the ACS event. Men had
higher case fatality rates than women, both among
patients with type 2 diabetes and among non-diabetic
patients. However, except for prehospital deaths, diabetic
women had the same or even higher case fatality rates
than non-diabetic men. For example, in the full age-
range of 35 to 94 years, 61.0% of women with type 2
diabetes had died of cardiovascular causes 1 year after
their first ACS. Among non-diabetic men, the corresponding
proportion was 56.5%.

The main strength of this study is that it covers the total
population of Finland with symptomatic ACS events over a
period of 11 years. It thus had a large number of patients
with type 2 diabetes and was able to produce precise trend
estimates with narrow confidence intervals. We were also
able to identify first ACS events with fair accuracy. This
made the case mix more homogenous and also improved
comparability over time between patients with 2 diabetes
and those without diabetes.

Several limitations of the study should be mentioned.
First, we were able to identify only those diabetic patients
treated with hypoglycaemic medication or hospitalised and
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had hardly any information on patients whose diabetes was
being treated by diet only. According to the literature, 16%
to 30% of patients with type 2 diabetes are treated by diet in
Finland [23, 24]. Thus, the diabetic patients in our study
represent approximately 70% to 84% of all patients
diagnosed with type 2 diabetes and are likely to feature
the more severe end of the diabetes spectrum. It should be
pointed out, however, that the main focus of our study was
on estimating trends in case fatality rates for ACS among
patients with type 2 diabetes; such trends are likely to be
less affected by the limitations mentioned above than the
levels of case fatality.

One possible explanation for the declining case fatality
rate for ACS among persons with type 2 diabetes is that the
case mix of diabetic patients may have changed over time.
The definition of diabetes changed during the study period
[25]. Furthermore, it is possible that towards the end of our
study period type 2 diabetes was diagnosed earlier and
treated with hypoglycaemic medication earlier than in the
early 1990s. This argument is supported by the increased
use of hypoglycaemic medications [26, 27]. Accordingly,
the later years close to 2002 may include more patients with
a shorter history of diabetes and fewer complications. This
could contribute to the improved prognosis. It should be

Table 1 Comparison of Finnish type 2 diabetic with non-diabetic patients for first ACS, and numbers and proportions with fatal outcome

Variables Type 2 diabetes Non-diabetic

Men Women Men Women

Age group 35–74 years

n 92,371 85,601

First ACS (n)a 12,358 7,038 70,714 26,106

ACS with fatal outcomeb

Prehospital (n) 3,274 1,229 20,877 5,216

Prehospital, % (95% CI)c 27.1 (27.0–27.2) 18.7 (18.5–18.8) 29.7 (29.7–29.8) 19.8 (19.7–19.8)

Total 28 day (n) 6,269 3,131 28,336 8,300

Total 28 day, % (95% CI)c 50.3 (50.2–50.5) 42.1 (41.9–42.2) 41.0 (41.0–41.1) 30.1 (30.0–30.1)

Total 1 year (n)d 6,563 3,544 28,864 8,825

Total 1 year, % (95% CI)c 56.5 (56.4–56.6) 50.3 (50.2–50.5) 44.5 (44.4–44.5) 33.0 (32.9–33.0)

Age group 75–94 years

n 13,731 31,237

First ACS (n)a 7,715 16,301 37,564 57,019

ACS with fatal outcomeb

Prehospital (n) 1,513 2,779 11,285 15,318

Prehospital, % (95% CI)c 19.4 (19.3–19.5) 17.0 (17.0–17.1) 30.2 (30.1–30.2) 26.0 (26.0–26.1)

Total 28 day (n) 4,825 10,047 22,714 33,852

Total 28 day, % (95% CI)c 64.5 (64.4–64.6) 61.5 (61.4–61.6) 61.5 (61.4–61.5) 56.8 (56.7–56.8)

Total 1 year (n)d 5,140 10,995 24,131 35,869

Total 1 year, % (95% CI)c 74.8 (74.7–74.9) 72.6 (72.5–72.6) 69.6 (69.6–69.7) 65.1 (65.1–65.1)

All type 2 diabetes

n 106,102 116,838

First ACS (n)a 20,073 23,339 108,278 83,125

First ACS (n)d 18,076 21,295 99,518 75,978

ACS with fatal outcome days 0–364 (n) 11,703 14,539 52,995 44,694

ACS with fatal outcome days 0–364, % (95% CI)c 65.2 (65.0–65.5) 61.0 (60.4–61.5) 56.5 (56.4–56.6) 48.3 (48.2–48.5)

All persons with known type 2 diabetes mellitus in Finland were compared with non-diabetic patients identified from the National Cardiovascular
Disease Register for the period 1992–2002
a First ACS between 1 January 1992 and 30 November 2002
b Fatal outcome means death from CVD causes as indicated by ICD codes (see Methods)
c Fatality proportions are age-standardised to the age distribution of myocardial infarction patients in the WHO MONICA Project [22]
d First ACS in persons with type 2 diabetes between 1 January 1992 and 31 December 2001 (35–74 year age group n=11,225 [men], n=6,535
[women]; 75–94 year age group n=6,851 [men], n=14,760 [women]) and first ACS in non-diabetic persons (35–74 year age group n=65,390
[men], n=24,210 [women]; 75–94 year age group n=34,128 [men], n=51,768 [women])
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pointed out, however, that although the absolute case
fatality rate declined significantly in patients with type 2
diabetes, the HR comparing diabetic patients with non-
diabetic patients remained constant during the study period.

Earlier reports, including the National Health and Nutri-
tion Examination Surveys in the USA, have suggested that
CHD and total mortality rates have not declined among
diabetic individuals to as favourable an extent as among non-

diabetic persons [7, 28]. In particular, women with type 2
diabetes seemed to have had a less favourable development
than male counterparts and non-diabetic individuals. Sim-
ilar findings were reported from the Swedish MONICA
myocardial infarction register study, which found no
positive trends among diabetic patients in first myocardial
infarctions, recurrent myocardial infarctions and myocardial
infarction case fatality during the period from 1989 to 2000,

Age group and predictor Men Women

OR (95% CI) p value OR (95% CI) p value

35–64 years

n 43,042 10,143

Study year 0.97 (0.96–0.98) <0.0001 0.97 (0.95–1.00) 0.023

Diabetes 1.05 (0.92–1.20) 0.480 1.21 (0.91–1.61) 0.180

Study year×diabetes 1.00 (0.98–1.02) 0.778 0.98 (0.94–1.02) 0.386

65–74 years

n 40,030 23,001

Study year 0.97 (0.96–0.98) <0.0001 0.97 (0.95–0.98) <0.0001

Diabetes 0.78 (0.68–0.88) <0.0001 0.75 (0.64–0.88) <0.0004

Study year×diabetes 0.99 (0.97–1.01) 0.370 1.01 (0.99–1.04) 0.422

75–84 years

n 33,539 43,718

Study year 0.96 (0.95–0.97) <0.0001 0.96 (0.95–0.97) <0.0001

Diabetes 0.62 (0.54–0.72) <0.0001 0.63 (0.56–0.71) <0.0001

Study year×diabetes 1.00 (0.98–1.02) 0.733 0.99 (0.98–1.01) 0.562

85–94 years

n 11,740 29,602

Study year 0.95 (0.93–0.97) <0.0001 0.95 (0.94–0.96) <0.0001

Diabetes 0.50 (0.36–0.68) <0.0001 0.77 (0.65–0.91) a 0.002

Study year×diabetes 1.00 (0.96–1.05) 0.991 0.95 (0.93–0.97) <0.0001

Table 2 Odds ratios by sex and
age group for prehospital coro-
nary death in all patients with
clinically known type 2 diabetes
and first-ever ACS in Finland
from 1992 to 2002

Values are ORs (95% CI). ORs
were adjusted for age and uni-
versity hospital district

The reference category for dia-
betes is all patients in the coun-
try with their first ACS and
without clinically known diabe-
tes. The OR for study year is per
1 year increment. For numbers
of fatal and all first ACS events,
see Table 1
a This value was 0.43 (0.33–
0.55) for 2002 (p<0.0001)
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spital case fatality rates for first
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while, over the same time, all these indicators developed
positively in the non-diabetic population [13]. Furthermore,
investigators from UK have reported a comparison of
treatment given to patients with and without diabetes who
sustained a myocardial infarction in 1995 or 2003.
Involvement of cardiologists, provision of secondary
prevention agents and early revascularisation rates im-
proved in both groups. The 30 day mortality rate was

significantly improved in both groups, but at 18 months the
mortality rate in the diabetic group was unchanged [14].

On the other hand, investigators of the Framingham
Heart Study reported that adults with and without diabetes
have benefited similarly during the decline in CVD rates
over the last several decades [16]. However, this paper
reported incidence of CVD events but not case fatality
rates. Another study from the USA reported a comparison
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Fig. 2 Age-standardised 0 to
27 day case fatality (including
prehospital period) for first ACS
event in patients with type 2
diabetes (black squares, men;
white squares, women) and in
all non-diabetic (black triangles,
men; white triangles, women)
patients in Finland from 1992 to
2002. The age groups shown are
(a) 35 to 64 years, (b) 65 to
74 years, (c) 75 to 84 years and
(d) 85 to 94 years. For
corresponding HRs per 1 year
increment in time, see Table 3

Table 3 Hazard ratios for cardiovascular death during 0 to 27 and 28 to 364 day periods after the first ACS event in all patients with clinically
known type 2 diabetes and all non-diabetic ACS patients in Finland between 1992 and 2002

Age group and predictor 0–27 days 28–364 days

Men Women Men Women

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

35–64 years (n) 15,663 2,697 846 197

Study year 0.97 (0.97–0.98) <0.0001 0.97 (0.96–0.99) <0.0001 0.93 (0.90–0.95) <0.0001 0.93 (0.87–0.98) 0.008

Diabetes 1.34 (1.24–1.45) <0.0001 1.69 (1.44–1.97) <0.0001 2.87 (2.19–3.75) <0.0001 5.84 (3.70–9.23) <0.0001

Study year×diabetes 1.00 (0.98–1.01) 0.751 0.99 (0.96–1.02) 0.492 0.98 (0.93–1.03) 0.412 0.94 (0.85–1.03) 0.167

65–74 years (n) 19,150 8,792 1,800 1,165

Study year 0.97 (0.97–0.98) <0.0001 0.96 (0.95–0.96) <0.0001 0.94 (0.92–0.95) <0.0001 0.91 (0.84–0.93) <0.0001

Diabetes 1.18 (1.10–1.25) <0.0001 1.28 (1.18–1.38) <0.0001 2.21 (1.83–2.67) <0.0001 2.43 (1.99–2.96) <0.0001

Study year×diabetes 1.00 (0.99–1.01) 0.723 1.01 (1.00–1.03) 0.152 1.00 (0.96–1.03) 0.811 1.04 (1.00–1.08) 0.077

75–84 years (n) 19,299 23,141 2,435 3,460

Study year 0.97 (0.96–0.97) <0.0001 0.97 (0.96–0.97) <0.0001 0.94 (0.93–0.95) <0.0001 0.93 (0.92–0.94) <0.0001

Diabetes 1.09 (1.02–1.17) 0.013 1.12 (1.06–1.18) <0.0001 1.49 (1.25–1.78) <0.0001 1.65 (1.45–1.88) <0.0001

Study year×diabetes 1.00 (0.99–1.01) 0.865 1.00 (1.00–1.01) 0.404 1.00 (0.98–1.03) 0.791 1.02 (0.99–1.04) 0.189

85–94 years (n) 8,452 21,087 936 2,575

Study year 0.97 (0.96–0.98) <0.0001 0.98 (0.98–0.99) <0.0001 0.96 (0.94–0.96) 0.0008 0.96 (0.94–0.97) <0.0001

Diabetes 0.98 (0.86–1.12) 0.787 1.07 (1.00–1.15) 0.053 1.56 (1.07–2.28) 0.022 1.45 (1.19–1.76) 0.0002

Study year×diabetes 1.01 (0.99–1.03) 0.482 0.99 (0.98–1.00) 0.194 0.97 (0.92–1.03) 0.317 0.98 (0.95–1.01) 0.138

Hazard ratios are given with (95% CI) and are adjusted for age and university hospital district. Hazard ratios for study year are per 1 year
increment; reference category for diabetes is non-diabetic patients

Numbers of fatal events, see Table 1; corresponding trend lines, see Figs 2 and 3
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of trends in post myocardial infarction mortality rates
among patients with and without diabetes from 1990
through to 1997 [29]. It showed a 35% higher 1 year
mortality rate among diabetic than among non-diabetic
patients. Age-adjusted 1 year mortality rates showed a
significant downward trend regardless of diabetes status
(4.9% decrease in odds of mortality per year, p<0.001).
Our present study agrees with the similarity in declining
trends, but suggests that there could be an even bigger
difference in case fatality rates between type 2 diabetes
patients and those without diabetes. In an earlier study, we
compared 1 year mortality between diabetic and non-
diabetic 28-day survivors of myocardial infarction and
found a hazard ratio of 1.97 for diabetic men and 4.17 for
diabetic women in the 25 to 64 age group [7].

A large register study from Canada compared the
incidence of myocardial infarction in diabetic and non-
diabetic populations from 1992 to 2000, showing a greater
reduction among diabetic than among non-diabetic patients
(−15.1% vs −9.1%, p<0.0001). The corresponding reduc-
tions for deaths from myocardial infarction were −44.1%
and −33.2% (p=0.1). At the same time, the number of
patients with diabetes increased from 405,471 to 670,602,
so although the incidence rates fell, the number of
myocardial infarctions increased by 44.6% and the number
of myocardial infarction deaths increased by 17.2% [15].
A recent study from Sweden showed that the age-adjusted
10-year survival rate for men with diabetes increased from
41.4% between 1980 and 1984 to 51.5% between 1995 and
1999. The corresponding improvement in survival was
even larger for women, namely from 43.7% to 61.0% [30].
Although these Swedish figures reflect overall survival
rates, they are broadly consistent with our findings since
CVD is one of the most important causes of death among
diabetic patients.

Generally, studies in the 1990s and since 2000 have
reported more favourable trends in survival of patients with
diabetes after an ACS event than studies in the 1980s. One
reason for this could be an earlier and more active treatment
of risk factors. We found equally positive developments in
the results of patients with type 2 diabetes and without
diabetes in acute treatment of myocardial infarction and
1 year survival, the latter reflecting the effects of secondary
prevention. However the 1 year case fatality rate for 28-day
survivors with type 2 diabetes mellitus was still double that
of the non-diabetic population.

Interestingly, after the age of 65 years, patients with type 2
diabetes had a lower prehospital case fatality than those
without diabetes. However, in the 35 to 64 year age group
diabetic patients had a non-significantly higher prehospital
case fatality rate. After the age of 65, men and women with
type 2 diabetes had a significantly lower OR for death than
non-diabetic individuals. This could suggest that a propor-
tion of elderly persons with type 2 diabetes may already have
been hospitalised for one reason or another when they had
their first ACS event. Other explanations could be that
diabetic patients are more likely to seek professional help
when they experience symptoms and therefore would call for
help earlier. Against this background, the finding of a more
steeply declining trend in prehospital case fatality rates
among old women with type 2 diabetes than among their
non-diabetic counterparts should be interpreted with caution.
It may reflect changing hospitalisation policies rather than
improving preventive treatment in elderly women with
diabetes.

In conclusion, our study demonstrates that patients with
type 2 diabetes have experienced similar improving trends
to non-diabetic patients in case fatality rates after a first
ACS. However, despite the improving trends, the relative
risk of fatal outcome in type 2 diabetes has remained the
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Fig. 3 Age-standardised 28 to
364 day case fatality of the
28-day survivors of first ACS
event in patients with type 2
diabetes (black squares, men;
white squares, women) and in
all non-diabetic (black triangles,
men; white triangles, women)
patients in Finland from 1992 to
2002. The age groups shown are
(a) 35 to 64 years, (b) 65 to
74 years, (c) 75 to 84 years and
(d) 85 to 94 years. For
corresponding HRs per 1 year
increment in time, see Table 3
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same during the study period. Of particular concern is the
period after the acute stage, i.e. days 28 to 364, where the risk
of fatal outcome was twice as high in patients with type 2
diabetes as in non-diabetic patients. This indicates the need
for more effective secondary prevention measures after an
ACS in diabetic individuals.
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