
Diabetologia (2005) 48: 2519–2524
DOI 10.1007/s00125-005-0019-0

ARTICLE

P. Pajunen . H. Koukkunen . M. Ketonen . T. Jerkkola . P. Immonen-Räihä .
P. Kärjä-Koskenkari . K. Kuulasmaa . P. Palomäki . J. Mustonen . A. Lehtonen .
M. Arstila . T. Vuorenmaa . S. Lehto . H. Miettinen . J. Torppa .
J. Tuomilehto . Y. A. Kesäniemi . K. Pyörälä . V. Salomaa

Myocardial infarction in diabetic and non-diabetic persons
with and without prior myocardial infarction: the FINAMI Study

Received: 18 June 2005 / Accepted: 22 July 2005 / Published online: 25 October 2005
# Springer-Verlag 2005

Abstract Aims/hypothesis: We compared the risk of
acute coronary events in diabetic and non-diabetic persons
with and without prior myocardial infarction (MI), strat-
ified by age and sex. Methods: A Finnish MI-register
study known as FINAMI recorded incident MIs and
coronary deaths (n=6988) among people aged 45 to 74
years in four areas of Finland between 1993 and 2002. The
population-based FINRISK surveys were used to estimate
the numbers of persons with prior diabetes and prior MI in
the population. Results: Persons with diabetes but no
prior MI and persons with prior MI but no diabetes had a
markedly greater risk of a coronary event than persons

without diabetes and without prior MI. The rate of re-
current MI among non-diabetic men with prior MI was
higher than the incidence of first MI among diabetic men
aged 45 to 54 years. The rate ratio was 2.14 (95% CI 1.40–
3.27) among men aged 50. Among elderly men, diabetes
conferred a higher risk than prior MI. Diabetic women
had a similar risk of suffering a first MI as non-diabetic
women with a prior MI had for suffering a recurrent MI.
Conclusions/interpretation: Both persons with diabetes
but no prior MI, and persons with a prior MI but no
diabetes are high-risk individuals. Among men, a prior
MI conferred a higher risk of a coronary event than di-
abetes in the 45–54 year age group, but the situation was
reversed in the elderly. Among diabetic women, the risk of
suffering a first MI was similar to the risk that non-diabetic
women with prior MI had of suffering a recurrent MI.

Keywords Coronary disease . Diabetes .
Myocardial infarction

Abbreviations MI: myocardial infarction . MONICA:
Monitoring Trends and Determinants of Cardiovascular
Disease

Introduction

Worldwide the number of people diagnosed with diabetes
mellitus is increasing rapidly [1]. Diabetes is associated
with a two- to four-fold increase in the risk of developing
CHD [2], and cardiovascular diseases are the major cause of
death among diabetic persons [3].

It remains controversial whether diabetic persons have a
similar risk of developing acute CHD events as non-di-
abetic patients who have suffered a prior myocardial in-
farction (MI) [4–12]. An earlier study from Finland suggested
that type 2 diabetic patients have a risk equal to that in non-
diabetic patients with a prior history of MI [4]. This study
has influenced current prevention guidelines in several
countries [13, 14]. However, several other studies have
reported contrasting results [5, 6, 9, 11, 12] and some found
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that diabetic women are at particularly high risk [5, 10].
Since the question is of considerable clinical importance,
we compared in the present study the rate of coronary
events in diabetic and non-diabetic men and women with
and without a prior MI in different age groups in a pop-
ulation-based setting in Finland between 1993 and 2002.

Subjects and methods

Study population The numerators for the coronary event
rates were obtained from a population-based MI register,
FINAMI [15]. For the denominators, full population
counts of the study years and study areas were obtained
in 5-year age groups from the National Population
Register, and these were divided according to diabetes
and history of prior MI status using prevalence estimates
from the FINRISK population surveys [16]. These surveys
have been carried out every 5 years since 1972 (since 1997
in Oulu) to assess cardiovascular risk factor levels in
Finland [16]. Survey participants aged 45–74 years from
the years 1992, 1997 and 2002 were included in the current
analyses. The surveys also cover some of the surroundings
of the FINAMI areas. The FINRISK questionnaire included
a question: ‘Has a doctor ever told you that you have (1)
diabetes, or (2) latent diabetes?’ In addition, record linkage
of the study data with the computerised records of the
National Social Insurance Institution was used to identify
persons who had received reimbursements for antidiabetic
medications. The record linkage was based on the indi-
vidual identification code, which is unique to every resident
of Finland. A diabetic person receives his/her antidiabetic
medications free of charge in Finland. A detailed written
statement from a physician in charge of the treatment
verifying the diagnosis of diabetes is needed to obtain the
right to free-of-charge antidiabetic medication.

All first-ever MIs and first recurrent (=the 2nd) MIs and
coronary deaths among persons aged 45–74 years between
1993 and 2002 were selected from the FINAMI register
(n=6,988). The register covers the following four areas in
Finland: the city of Turku in south-western Finland, the
city of Oulu in north-western Finland, the city of Kuopio
in eastern Finland, the city of Joensuu, and some sur-
rounding rural areas in eastern Finland. For the city of
Oulu there were data for the years 1993, 1997, 1999, 2001
and 2002, whereas for the other areas data were available
for the whole 10-year period of 1993–2002, except for
Turku for the year 1999 and Kuopio for the year 1998. In
the FINAMI study, trained nurses supervised by register
physicians were responsible for data collection from med-
ical records, death certificates and autopsy reports [15, 17].
The FINAMI data were also linked to the Social Insurance
Institution’s drug reimbursement records. In the FINAMI
study a person was considered as diabetic if the register
nurse found the diagnosis of diabetes from medical records
or if the person had received reimbursements for antidi-
abetic medication. Out of 6,988 persons in the FINAMI
register, 1,674 (24%) had diabetes. No information on the
duration of diabetes was collected in the FINAMI register.

The time-frame for one event in the FINAMI register
was 28 days according to the practice of the WHO
Monitoring Trends and Determinants of Cardiovascular
Disease (MONICA) Project [18]. The event was taken as
the first for a particular person if there were no data on a
previous, clinically recognised MI, and as recurrent if ev-
idence of a prior MI was found from the hospital records.

Both the FINAMI and FINRISK studies have been
approved by the Ethical Committee of the National Public
Health Institute and were carried out in accordance with
the Declaration of Helsinki as revised in 2000. Participants
of the FINRISK study gave informed consent. The
FINAMI study was carried out by reviewing the hospital
documents and using record linkage techniques without
any contact with the patients, inline with legal and ethical
requirements.

Statistical analysis In the main analyses we considered as
diabetic those persons who reported in the FINRISK
questionnaire that they had diabetes and/or who had re-
ceived the right for free-of-charge antidiabetic medica-
tions. In this analysis persons reporting latent diabetes in
the questionnaire were taken to be non-diabetic. To eval-
uate the impact of the definition and duration of diabetes
we repeated the analyses by including in the diabetic group
also persons reporting latent diabetes in the questionnaire.

Poisson regression modelling of pooled data from the
FINRISK surveys in 1992, 1997 and 2002 was used to
estimate the prevalence of diabetes and previous history of
MI for each 5-year age group in each calendar year. The
log–linear model included linear and quadratic effects of
age group and calendar year and dummy covariates for
east/west Finland and the FINAMI area/its neighbour-
hood. The prevalence estimates were applied to the official
population figures to obtain denominators for the event
rates. Poisson regression models were also used for cal-
culating age-specific rates of first-ever MI events in di-
abetic persons and first recurrent (=the 2nd) MI events in
non-diabetic patients. The different groups were compared
using rate ratios and 95% CIs. Since there was an
interaction between the study year and the diabetes group,
the results are calculated for the year 1997, which was in
the middle of our study period.

CHD event and mortality rates, age-standardised using
weights derived from the combined age-distribution of MI
and stroke patients in the WHO MONICA Project [18],

Table 1 Numbers of first and first recurrent (=2nd) myocardial
infarction (MI) events in diabetic (DM+) and non-diabetic (DM−)
persons aged 45–74 years in the FINAMI register between 1993 and
2002

First MI Recurrent MI

DM+ DM− DM+ DM−

Men 659 (19%) 2757 (81%) 401 (27%) 1082 (73%)
Women 406 (26%) 1182 (74%) 208 (42%) 293 (58%)
Total 1065 (21%) 3939 (79%) 609 (31%) 1375 (69%)
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were expressed per 100,000 persons per year. Age-stan-
dardised event rates were reported separately for three
groups: ‘Diabetes, no prior MI’, ‘No diabetes, no prior MI’
and ‘No diabetes, prior MI’. The group ‘Diabetes, prior
MI’ was not reported because of low precision caused by a
small number of such persons in the FINRISK survey. The
95% CIs for the incidence, recurrence and mortality rates
were calculated considering the sampling variation of both
the numerator and denominator, using the Taylor approx-
imation. The statistical analyses were carried out using
software from the SAS institute [19].We considered p
values smaller than 0.05 to be statistically significant.

Results

In the FINAMI register, 19% of men and 26% of women
suffering their first MI had diabetes. The respective
percentages for recurrent MIs were 27% among men and
42% among women (Table 1). Based on the FINRISK
survey (n=13,876), the estimated prevalence of diabetes in
the general population aged 45–74 years was 5.3% among
men and 3.6% among women. The estimated prevalence
increased with age and was highest among the oldest age
group (65–74 years), namely 7.5% among men and 8.9%
among women. Table 2 shows prevalences of diabetic and
non-diabetic participants and participants with a prior MI in

Table 2 Numbers of diabetic
(DM+) and non-diabetic (DM−)
persons and persons with a prior
myocardial infarction (MI) aged
45–74 years in the FINRISK
population surveys in 1992,
1997 and 2002

DM−, MI− DM+, MI− DM−, MI+ DM+, MI+ Total

DM
Men, total 6139 (89%) 305 (4.4%) 440 (6.3%) 65 (0.94%) 6949
45−54 years 2501 (95%) 79 (3.0%) 54 (2.0%) 9 (0.34%) 2643
55−64 years 2504 (87%) 141 (4.9%) 206 (7.2%) 30 (1.0%) 2881
65−74 years 1134 (80%) 85 (6.0%) 180 (13%) 26 (1.8%) 1425
Women, total 6562 (95%) 220 (3.2%) 119 (1.7%) 26 (0.38%) 6927
45−54 years 2864 (98%) 54 (1.8%) 15 (0.51%) 0 (0%) 2933
55−64 years 2852 (95%) 95 (3.2%) 58 (1.9%) 14 (0.46%) 3019
65−74 years 846 (87%) 71 (7.3%) 46 (4.7%) 12 (1.2%) 975

DM (including latent DM)
Men, total 5985 (86%) 459 (6.6%) 414 (6.0%) 91 (1.3%) 6949
45−54 years 2461 (93%) 119 (4.5%) 53 (2.0%) 10 (0.38%) 2643
55−64 years 2414 (84%) 231 (8.0%) 192 (6.7%) 44 (1.5%) 2881
65−74 years 1110 (78%) 109 (7.7%) 169 (12%) 37 (2.6%) 1425
Women, total 6375 (92%) 407 (5.9%) 109 (1.6%) 36 (0.52%) 6927
45−54 years 2798 (95%) 120 (4.1%) 14 (0.48%) 1 (0.03%) 2933
55−64 years 2761 (91%) 186 (6.2%) 52 (1.7%) 20 (0.66%) 3019
65−74years 816 (84%) 101 (10%) 43 (4.4%) 15 (1.5%) 975

Table 3 Incidence and mortality
rates per 100,000 of first-ever
myocardial infarction (MI)
events among non-diabetic per-
sons (DM−) and the rate ratios of
first MI among diabetic patients
(DM+) and first recurrent MI
among non-diabetic patients,
compared with the first category,
by age and sex

Values are given with 95% CIs.
Pooled MI event rate is also
shown for comparison.
aAll categories (1st MI, DM−;
1st MI, DM+; 2nd MI, DM−;
and 2nd MI, DM+) pooled

Incidence rate
1st MI, DM−
(reference category)

Rate ratio
1st MI, DM+

Rate ratio
2nd MI, DM−

Pooled ratesa

Morbidity
Men
45−54 years 260 (239–282) 4.4 (3.2–5.7) 11 (7.8–14) 364 (339–389)
55–64 years 563 (526–601) 5.1 (4.2–6.0) 5.7 (4.7–6.7) 997 (947–1047)
65−74 years 915 (859–971) 6.3 (5.2–7.5) 4.6 (3.7–5.4) 2102 (2018–2186)
Women
45–54 years 39 (31–47) 15 (5.9–24) 23 (5.8–31) 54 (45–63)
55–64 years 147 (129–165) 7.8 (5.1–10) 7.0 (4.6–9.5) 229 (207–251)
65–74 years 454 (420–489) 6.8 (4.8–8.8) 5.0 (3.8–6.1) 872 (828–916)

Mortality
Men
45–54 years 85 (73–98) 5.5 (3.3–7.7) 9.3 (5.3–13) 123 (108–138)
55–64 years 206 (183–228) 5.2 (3.8–6.5) 7.2 (5.6–8.9) 338 (357–419)
65–74 years 425 (388–462) 6.8 (5.3–8.3) 5.0 (3.9–6.0) 1013 (954–1072)
Women
45–54 years Too few cases Too few cases Too few cases 11 (7–15)
55–64 years 43 (33–53) 8.8 (4.2–14) 11 (5.8–17) 76 (63–89)
65–74 years 184 (163–205) 7.2 (4.8–9.5) 5.2 (3.7–6.7) 359 (331–387)
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the FINRISK population surveys, which were used for
calculating the population denominators for the event rates.

The relationship between the incidence rate of first MI
events among diabetic men and the rate of first recurrent
(=2nd) MI events among non-diabetic men was signifi-
cantly dependent on age (p<0.001 for interaction). The
incidence of first MI events among diabetic men increased
on average by 8.0% (95% CI 7.0–9.0%) per each year of
age after the age of 45, whereas the rate of recurrent MI
events among non-diabetic men increased by 2.3% (1.4–
3.1%) per year. The effect of calendar year also approached
statistical significance (p=0.08). Therefore, the rest of the
results are presented as age-specific rates and rate ratios
estimated for the year 1997. Among women the aforemen-
tioned interactions were not statistically significant.

The MI event rates were 4–15 times higher, depending
on age group and sex, in persons with diabetes but no prior
MI and 5–23 times higher in persons with a prior MI but no
diabetes than in persons without either diagnosis (Table 3).
The rate of recurrent MI among non-diabetic men with a
prior history of MI was higher than the incidence of first MI
among diabetic men under 55 years of age (Table 3). The
rate ratio (rate of a recurrent MI among non-diabetic men/
incidence rate of the first MI among diabetic men) was 2.14
(95%CI 1.40–3.27) at the age of 50 years. In the 55–64-year
age group, diabetic men had a similar risk of first MI as non-
diabetic men with a prior MI had of their first recurrent
(=2nd) MI (Table 3). The regression curves were crossed at
the age of 64 years (Fig. 1). In the elderly, diabetes
conferred a higher risk of MI than a prior MI; the rate ratio
among men at the age of 70 was 0.68 (95% CI 0.49–0.94).

Diabetic women had a similar risk of their first MI as
non-diabetic women with a prior MI had of their first
recurrent (=2nd) MI (Table 3 and Fig. 1). In women older

Fig. 1 Poisson regression model of morbidity. Rates of first MI
events among diabetic men (filled squares), first recurrent (=2nd)
MI among non-diabetic men (filled triangles), first MI events among
diabetic women (open squares), and first recurrent MI among non-
diabetic women (open triangles) by age group. The lines are based
on Poisson regression modelling

Fig. 2 Poisson regression model of mortality. Rates of first MI
events among diabetic men (filled squares), first recurrent (=2nd)
MI among non-diabetic men (filled triangles), first MI events among
diabetic women (open squares), and first recurrent MI among non-
diabetic women (open triangles) by age group. The lines are based
on Poisson regression modelling

Table 4 Incidence and mortality rates, and rate ratios as in Table 3,
but with latent diabetes included in the diabetic group

Incidence per 100,000
1st MI, DM−
(reference category)

Rate ratio
1st MI, DM+

Rate ratio
2nd MI, DM−

Morbidity
Men
45–54
years

265 (243–287) 2.8 (2.0–3.6) 11 (8.2–14)

55–64
years

582 (543–620) 3.0 (2.5–3.6) 5.8 (4.9–6.8)

65–74
years

935 (878–992) 4.3 (3.5–5.1) 4.7 (4.0–5.5)

Women
45–54
years

40 (32–48) 5.5 (2.3–8.8) 26 (7.2–44)

55–64
years

152 (134–171) 3.5 (2.3–4.8) 7.6 (5.1–10)

65–74
years

473 (437–509) 3.9 (2.7–5.1) 5.1 (4.1–6.1)

Mortality
Men
45–54
years

87 (75–100) 3.5 (2.1–4.8) 9.3 (5.5–13)

55–64
years

212 (189–236) 3.0 (2.2–3.8) 7.4 (5.8–9.1)

65–74
years

435 (397–472) 4.6 (3.6–5.7) 5.1 (4.2–6.1)

Women
45–54
years

Too few cases Too few cases Too few cases

55–64
years

45 (35–55) 4.0 (1.9–6.1) 12 (6.4–18)

65–74
years

192 (170–214) 4.1 (2.7–5.5) 5.3 (3.9–6.7)

Values are given with 95% CIs
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than 54 years the curves diverged (Fig. 1) so that in the
older age groups diabetes conferred a higher risk of MI
than prior MI, but the difference did not reach statistical
significance. The rate ratio among women at age 70 years
was 0.73 (95% CI 0.46–1.18).

Mortality followed the same patterns as morbidity
(Fig. 2). Mortality from a recurrent MI among non-diabetic
men with a prior history of MI was higher than mortality
from a first MI among diabetic men under 65 years of age
(Fig. 2 and Table 4). The rate ratio at the age of 50 years
among men was 1.92 (95% CI 1.10–3.36). The mortality
curves crossed at the age of 64 years among men and the
rate ratio at age 70 years was 0.73 (95% CI 0.50–1.06).
Among women there were no statistically significant dif-
ferences in mortality between non-diabetic patients with a
prior MI and diabetic patients without prior MI in any of
the age groups (Fig. 2 and Table 3).

In the sensitivity analysis, where persons with latent
diabetes were included in the diabetic group in the pop-
ulation denominator, the event rates were lower, but the
associations with age were similar to in the main analyses
(Table 4).

Discussion

We investigated whether non-diabetic persons with a prior
history of MI had a higher risk for a recurrent MI event than
diabetic persons for their first MI and found that the results
depended on sex and the age group studied. Among men, a
prior history of MI conferred a higher risk than previously
diagnosed diabetes until the age of 54 years, whereafter
there was no difference between the risks conferred by
diabetes or previous MI until the age of 70 years. After the
age of 70, diabetes conferred a higher risk than prior history
of MI. Among women, the risk of a recurrent MI in non-
diabetic women with a prior MI was similar to that of the
first MI of diabetic women in all age groups. Thus, the
discrepancy in earlier studies on this issue may be partly
explained by the different age and sex distribution of study
participants. It should be noted, however, that both persons
with diabetes but no prior MI and persons with a prior MI
but no diabetes had much higher MI event rates than per-
sons without diabetes and prior MI.

In the study by Haffner et al. [4], with 7 years of follow-
up, the mean age of the study population at baseline was
less than 60 years, whereas in many other studies the mean
age of the study population was 60–65 years at baseline [6,
7, 9]. In these age groups the risk in the present study was
equal in the diabetic (for first MI) and non-diabetic subjects
(for recurrent MI) also among men. Vaccaro et al. [12]
observed in the MRFIT follow-up study that even though
prior MI conferred a higher risk of CHD death than di-
abetes, the hazard ratios comparing prior MI with diabetes
declined with increasing age. In the US Physicians’ Health
Study, the relative risk of death from CHD was higher in
non-diabetic patients with prior MI than that in diabetic
patients with no prior CHD. This finding held true across
all age groups; however, the difference between the two

risk groups attenuated with increasing age [6]. In the Nurses’
Health Study [5] the excess risk of CHD mortality as-
sociated with prior CHD was higher than that associated
with diabetes in all age groups studied (<55 years, 55–
64 years and ≥65 years). This was, however, dependent on
the duration of diabetes so that in women with a diabetes
duration of more than 15 years the risk of CHD death was
similar to that in women with prior CHD but no diabetes.

It is well documented that diabetes raises the risk of
CHD to a greater extent in women than in men [7, 10, 20–
23]. It is as yet unknown what generates this increased risk
in diabetic women that already exists in the prediabetic
stages [22, 24] as it is only partly explained by an excess of
the classic risk factors [20, 22]. Our results are in
agreement with some earlier studies which have observed
that a history of MI and diabetes are associated with equal
risks for acute cardiovascular events in women [7, 10].
However, in the study by Mukamal et al. [7] the results
were sensitive to the duration of diabetes; when newly
detected cases of diabetes were added to the analysis, CHD
conferred a higher risk than diabetes. Women are actively
screened for impaired glucose tolerance and diabetes
during pregnancy, and thus report latent diabetes more
often than men, a fact that was seen also in this study.

The strength of the present study is that it is a large
population-based study. To assess the sensitivity of our
analyses to the definition of diabetes, the analysis was car-
ried out twice, including and excluding persons with latent
diabetes in the diabetic population of the FINAMI areas.
This had no effect on our main findings regarding the
effects of age and sex.

The study had some obvious limitations that should be
taken into account. The prevalence of diabetes and a history
of MI was estimated from a population survey. Slight
variation in the sampling fractions between the study
regions was not taken into account and one of them (Oulu)
had only been surveyed since 1997. This approximation
should not have a substantial effect on the findings. The
diagnosis of diabetes and prior MI were not based on
exactly the same criteria in the FINRISK population sur-
veys and in the FINAMI register. In the FINRISK surveys
self-reported data, verified and complemented with the
drug-reimbursement register, were used. In the FINAMI
register, however, the diagnoses were based on the review
of hospital documents, death certificates and autopsy re-
ports, again complemented with the drug-reimbursement
register. While self-reported history of MI is usually fairly
reliable, the self-reported history of diabetes is known to
substantially underestimate the real prevalence of diabetes.
On the other hand, recent studies have shown that glucose
tolerance tests reveal a substantial amount of new cases of
diabetes and impaired glucose tolerance among patients
with MI [25, 26]. During the period of our study, glucose
tolerance tests were seldom performed on MI patients in
Finnish hospitals. Only 56 new cases of diabetes were
diagnosed during the treatment of MI. This amount is so
small that their inclusion or exclusion in the analyses did
not make any substantial difference. We could not examine
the effects of the type and duration of diabetes on the risk of
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coronary events because our data collection did not include
information about these aspects of diabetes. Indirectly,
however, the fact that the effect of diabetes was diluted in
analyses which also included latent diabetes, suggests that
the risk of MI increases with the duration of diabetes. This
interpretation is consistent with other literature [5].

In conclusion, both persons with diabetes but no prior MI
and persons with a prior MI but no diabetes had a markedly
higher risk of a coronary event than persons with no
diabetes and no prior MI. Among men, a prior MI conferred
a higher risk than diabetes in the 45–54 year age group, but
in the elderly, the diabetic patients had a higher risk of
developing their first MI than non-diabetic patients with a
prior MI had of suffering their first recurrent MI. In diabetic
women the risk of suffering a first MI was similar to the
risk, in women with prior MI, of suffering a recurrent MI.
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