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Abstract Declining trends in case fatality (CF) of MI

events have been generally reported in western countries. It

is, however, not clear whether the development has been

equally beneficial in both sexes. Data from two large

population based registers, FINAMI and the Finnish

National Cardiovascular Disease Register (CVDR) were

used to determine whether the CF of incident MI events has

declined less in women than in men. All patients aged 35

and over were included. CF was calculated for different

time periods after the onset of the MI event, the main

emphasis was in pre-hospital, 28-day, and 1-year CF.

Figures were compared between two study periods:

1994–1996 and 2000–2002. A total of 6,342 incident MI

events were recorded in FINAMI and 117,632 events in

CVDR during the study periods. Comparison between the

two study periods showed that the CF was generally

declining. However, a slower decline in short-term CF was

seen among young (aged \ 55 years) women (P for sex by

study period interaction in pre-hospital CF = 0.028 in

FINAMI and 0.003 in CVDR, and for 28-day CF

P = 0.016 in FINAMI and \0.0001 in CVDR). In con-

clusion, the short and long-term prognosis of MI events has

improved in both sexes. Pre-hospital CF has declined less

among younger women than among men and among older

women. This slower decline in early CF was responsible

for the slower improvement in 28-day and 1-year prognosis

in young women.
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Abbreviations

CF Case fatality

CHD Coronary heart disease

MI Myocardial infarction

PCI Percutaneous coronary intervention

STEMI ST-elevation myocardial infarction

Introduction

Age-standardised coronary heart disease (CHD) mortality

rates have steadily declined during the past decades in

western countries. One-third of total CHD mortality

decline is due to an increase in survival after myocardial

infarction (MI) [1]. Sex differences in CHD mortality have
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been widely studied during the past two decades, and many

of the previous studies have shown higher short-term case

fatality (CF) among women [2–4]. In some studies the

poorer prognosis among women was shown to be explained

by higher age, clinical presentation, higher prevalence of

co-morbidities, greater problems in diagnosis and lesser

use of reperfusion therapies [2–9]. However, in several

studies the sex difference in short-term CF has been

apparent even after these factors were adjusted for [11, 12].

Most of these studies have analyzed hospitalized patients

only [4–12]. This may distort sex differences, since more

men than women are known to die in out-of-hospital cir-

cumstances [13]. Population-based studies evaluating total

short-term CF taking pre-hospital deaths into account, have

reported higher pre-hospital CF for men, higher in-hospital

CF for women and no sex differences in overall short-term

CF [2, 13–16]. Moreover, younger women (B55 years)

have been shown to have higher in-hospital CF compared

to men and older women [3, 17]. This age and sex related

difference in MI prognosis has been shown to exist even

after adjustments for co-morbidities [18].

Studies on sex differences in the long-term survival after

MI have also shown conflicting results. Some have repor-

ted higher long-term mortality after incident MI in women

[19], while others have shown better or similar long-term

prognosis after MI among women [9, 10, 16].

Since CHD mortality rates have declined slower among

young women also in Finland [20], we wanted to investi-

gate further whether the slower decrease in mortality is due

to less favourable case fatality trends in this patient group.

We used data from two large population-based MI registers

in Finland to investigate whether the sex difference in CF

exists in different time intervals after the onset of the first

MI. The main emphasis was in pre-hospital CF, 28-day CF

and 1-year CF after the onset of the symptoms. To assess

the development over time, the CF proportions among men

and women were compared between two time-periods:

1994–1996 and the 2000–2002.

Methods

Data were extracted from two large population-based MI

registers, the FINAMI register and the Finnish National

Cardiovascular Disease Register (CVDR). The FINAMI

register aims to record all suspected MI events and CHD

deaths among the permanent residents in four separate

geographical regions: (1) the town of Joensuu and certain

rural areas in the former province of North Karelia, (2) the

town of Kuopio in Eastern Finland, (3) the town of Oulu in

Northwestern Finland, and (4) the town of Turku in

Southwestern Finland. The average size of the population

aged C35 years in the FINAMI regions was *313,000

during the study period. Local registration teams, com-

prising a trained nurse supervised by a physician, collected

data on all coronary events suspected to be MI from hos-

pital admission diagnoses, hospital documents, death cer-

tificates and autopsy reports. The data are annually cross-

checked with nation-wide Causes-of-Death and Hospital

Discharge Registers for completeness. These country-wide

administrative registers cover all deaths and hospitaliza-

tions among the Finnish residents. International Classifi-

cation of Diseases (ICD) 9 codes 410–414 and 798 (except

7980A), and ICD-10 codes, (used since 1996 in Finland)

I20–I25, R96, R98, I46.1 and I46.9 were used for cross-

checking [21].

The CVDR has been compiled using data from the

nation-wide Hospital Discharge Register and Causes of

Death Register. All hospitalizations due to CHD with the

ICD codes listed above as the main or additional diagnoses

were included. All deaths having the above mentioned ICD

codes as the underlying or immediate cause of death and

also deaths where MI was a contributing cause of death

(IDC-10: I21–I22/ICD-9:410) were included. The data on

deaths and hospitalizations from the period 1991–2007

have been linked using the unique Finnish social security

ID codes to form the CVDR. Further details are available

in the Internet (http:\\www.ktl.fi/cvdr/). Because the CVDR

covers the whole country, most of the cases in the FINAMI

register are also included in the CVDR. The overlap

between these registers is, however, relatively small,

approximately 5% in men and 5–6% in women.

The FINAMI register and CVDR have both been

approved by the Ethical Committee of the National Insti-

tute for Health and Welfare.

Case definitions

In the FINAMI register, events were classified based on

biomarker findings, symptoms, ECG and possible autopsy

results, as suggested in the AHA Scientific Statement of

2003 [22]. MI events and CHD deaths with the classes

‘definite’, ‘probable’ and ‘possible’ were all included as

cases. In FINAMI, a case was considered as incident if the

local registration team did not find any evidence for a prior

clinically symptomatic MI event from the hospital records.

In CVDR, an event was incident if there were no events in

the Hospital Discharge Register for the person in question

during the preceding 7 years. In both registers, the most

severe diagnosis during the period of 28 days was used.

The 28-day period for one event was defined following the

practice of the WHO MONICA Project (1) so that the day

of onset was taken as day 0 and the last day was day 27.

CF was defined as the proportion of cases that ended up

fatally within a specified period of time. Pre-hospital CF

was defined as the proportion of cases that did not reach a
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coronary care unit or a hospital ward alive, i.e., they died in

out-of-hospital circumstances or in the emergency room. In

terms of calendar time, the survival was \1 day after the

onset of symptoms. The 28-day CF was defined as the

proportion of deaths that occurred between the onset of the

symptoms (=0-day) and the end of the 27th day after the

event. The CF during days 2–27, i.e., after the prehospital

phase, reflects mainly in-hospital deaths. The 1-year CF

was defined as the proportion of MI events that ended up

fatally at any time between the onset of the event and the

end of the 364th day after the event. CFs for the time

periods 2–364 and 28–364 days after the event were

defined using similar logic as described above.

In the FINAMI register, autopsies were performed in

pre-hospital deaths for 64.9% of men and 33.9% of women

in the first period and for 73.4% of men and 43.3% of

women in the second period. In CVDR, the respective

numbers were 36.7% of men and 16.4% of women in the

first period and 42.7% of men and 17.9% of women in the

second period.

Statistical methods

The CFs were expressed as a percentage (the number of

deceased cases divided by the number of all incident cases,

multiplied by 100). Age-standardization was done with the

direct method using weights based on the combined age

distribution of cases in the MI and stroke registers of the

WHO MONICA Project. Weights for each 5-year age

groups were: 5, 9, 16, 26, 42, 56, 75, 93, 100, 100, 100,

beginning from the age group 35–39 years and ending to

the age group 85? years.

The CF proportions were compared between the two

time periods, 1994–1996 and 2000–2002, except for Oulu

for which the earlier time period was 1993 and 1997 and

the latter time period 2000–2002.

Pre-hospital CF was analyzed using logistic regression.

For the 28-day CF we considered Cox proportional hazards

regression models, but scaled Schoenfeld residuals

(cox.zph, survival-package) and a score process based test

(scoreproptest, proptest-package) in the statistical software

package ‘R’ suggested that the proportional hazards

assumptions were not met. Therefore, logistic regression

was also used for analyzing the 28-day CF. For 28–364 day

CF global and effectwise proportional hazards assumptions

were met and the analyses were carried out using Cox

proportional hazard models. In both logistic regression and

Cox proportional hazards regression we used the study

period (later vs. earlier time period), sex (as baseline dif-

ference women vs. men) and history of diabetes mellitus,

including an interaction with sex (coded as men = 0,

women = 1) as explanatory variables. Sex-specific age

effects were linear with 5-year age groups, and had

significant sex-specific changing points (interaction) at the

age C55 years. For the main study question, the interaction

of sex with the study period was examined separately for

younger (age \55) and older (age C55 years) patients.

In Cox proportional hazard regression models entry was

day 28 after the onset of the event and the non-fatal events

were censored at day 364. Mortality due to other causes

was taken as a censoring event. We considered P \ 0.05 to

be statistically significant.

Statistical analyses were done using the SAS software,

version 9 (SAS Institute Inc, Cary; NC; USA), and R

version 2.9.2 (R Foundation for Statistical Computing,

Vienna, Austria).

Results

A total of 2,846 incident MI events (1,451 in men and

1,395 in women) were recorded in the FINAMI register

during the first study period and 3,496 (1,775 in men and

1,721 in women) during the latter period. Corresponding

numbers in the CVDR were 57,593 events (31,432 in men

and 26,161 in women) and 60,039 events (31,936 in men

and 28,103 in women). Numbers of fatal events by sex, age

group and time after the onset of the event are shown

together with other descriptive data in Table 1.

Pre-hospital case-fatality of incident MI events

The age-standardized pre-hospital CF of incident MI

events among men consistently declined between the study

periods in all age-groups: in FINAMI from 29.7 to 26.7%

and in CVDR from 33.6 to 29.5%. In women, the trends in

pre-hospital CF, were not entirely consistent between the

two registers: in FINAMI from 24.1 to 25.6% and in

CVDR from 27.0 to 24.4%. When divided by the age

group, the CF among the older women ([55 years) did not

change in FINAMI (from 24.4 to 25.5%) but declined in

CVDR (from 27.1 to 24.3%) (Fig. 1). In younger women

(\ 55 years), however, the pre-hospital case-fatality

increased in FINAMI from 9.4 to 29.6% and no change was

observed in CVDR (from 25.7 to 25.2%) (Fig. 1). Among

young men the decline was from 27.4 to 27.0% in FINAMI

and from 30.8 to 29.2% in CVDR. In older men, a decline

was evident in both registers, from 30.1 to 26.6% in

FINAMI and from 34.0 to 29.6% in CVDR (Fig. 1).

Logistic regression analyses (Table 2) showed that the

decline was slower among young women than among men

and older women: in the FINAMI register (P for study

period by sex interaction = 0.028 for young women) and

in CVDR (P = 0.003, respectively), whereas the decline

was similar among older women compared to men.
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28-day case fatality of incident MI events

The age-standardized 28-day CF was generally lower

among young women than among men and older

women. Including all age groups, the 28-day CF declined

in men from 46.5 to 41.0% in the FINAMI register and

from 54.7 to 50.1% in CVDR. Corresponding numbers in

women were from 53.5 to 48.6% in FINAMI and from

58.9 to 54.6% in CVDR. In the older age group i.e.

[55 years the decline among men was from 48.8 to

43.5% in FINAMI and from 57.6 to 52.6% in CVDR

(Fig. 1). A similar decline was seen in older women

from 54.4 to 49.1% in FINAMI and from 59.6 to 55.2%

in CVDR (Fig. 1). However, in the age group \55 years

the declines differed between the sexes. Among men the

decline was from 34.1 to 29.2% in FINAMI and from

36.1 to 33.7% in CVDR. Among women, a modest

decline from 32.7 to 31.2% was observed in CVDR and

Table 1 Total number of

incident MI events, numbers of

fatal events and prevalence of

co-morbidities in the FINAMI

and CVD registers by sex and

time period

N/A not available

* Data for the age group

C35 years

FINAMI CVDR

1994–1996 2000–2002 1994–1996 2000–2002

All events (n)

Men* 1,451 1,775 31,432 31,936

\55 years old 223 318 4,346 4,220

C55 years old 1,228 1,457 27,086 27,716

Women* 1,395 1,721 26,161 28,103

\55 years old 32 54 713 797

C55 years old 1,363 1,667 25,448 27,306

Fatal events (n)

Men

0 day* 431 474 10,561 9,437

\55 years old 61 86 1,339 1,231

C55 years old 370 388 9,222 8,206

28-day* 675 727 17,182 15,991

\55 years old 76 93 1,579 1,431

C55 years old 599 634 15,706 14,752

1-year* 718 802 18,611 17,583

\55 years old 80 96 1,653 1,507

C55 years old 638 706 17,371 16,829

Women

Day* 336 441 7,071 6,846

5 years old 3 16 183 201

C55 years old 333 425 6,888 6,645

28-day* 747 836 15,406 15,334

\55 years old 5 17 233 249

C55 years old 742 819 15,173 15,085

1-year* 828 936 17,185 17,360

\55 years old 6 17 241 257

C55 years old 822 919 16,944 17,103

Mean age at the time of event in years ± SD

Men 67.8 ± 12.4 67.7 ± 12.7 68.7 ± 12.1 70.1 ± 12.4

Women 78.6 ± 9.7 78.5 ± 10.4 78.2 ± 10.0 79.8 ± 10.3

Prevalence of hypertension %

Men 32.8 32.5 N/A 43.9

Women 47.6 46.3 N/A 48.8

Prevalence of DM %

Men 17.4 17.5 13.8 18.9

Women 24.3 22.6 20.6 22.7
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even an increasing trend was seen in FINAMI register

from 15.6 to 31.5%. The change was significantly dif-

ferent among young women than among men and older

women, P = \0.0001 in CVDR and 0.016 in the FI-

NAMI register (Table 3).

We further analysed sex differences in CF during the

hospitalization (from the 2nd day after admission to the end

of the 27th day). Logistic regression analyses showed no

differences between sexes (P for female sex by study

period interaction in the age group \55 years = 0.639 in

FINAMI and 0.434 in CVDR, and correspondingly in older

women P = 0.241 in FINAMI and 0.557 in CVDR) indi-

cating equal decline in in-hospital mortality for both sexes

in both studied age groups.
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Fig. 1 Age-standardized case-fatality (%) in the FINAMI Register and CVD Register in 1994–1996 and 2000–2002. The error bars denote

95% CIs
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The 1-year case fatality

Similar declines were seen in 1-year (0–364 day) CF in

both sexes and registers, in the FINAMI register from 49.5

to 45.1% among men and from 59.4 to 54.4% among

women. Corresponding numbers in CVDR were from 59.2

to 55.1% among men and from 65.7 to 61.8% among

women. However, when subdivided by age group,

increasing CF trend was seen among young women in the

FINAMI register, from 18.8 to 31.5%, and no change was

seen in CVDR, from 33.8 to 32.2% (Fig. 1). In the group of

\55 year old men the decline was from 35.9 to 30.2% in

FINAMI and from 37.5 to 34.8% in CVDR.

On the other hand, among older women the decline was

slightly steeper when compared to men in both age groups.

Decline was from 60.3 to 55.1% in the FINAMI register for

older women and from 66.6 to 62.6% in CVDR (Fig. 1).

The corresponding change among older men was from 52.0

to 48.5% in FINAMI and from 62.7 to 58.1%in CVDR.

The 28–364 day case fatality of incident MI events

The 28–364 day CF was further analyzed with Cox

regression models (Table 4), which showed no significant

sex difference in the younger age group compared to the

other groups: HR 0.84 (0.39–1.81), P = 0.659 for female

sex by study period interaction in patients\55 years old in

CVDR. In FINAMI this could not be tested, because there

were no deaths among young women in the latter study

period in this time interval.

Discussion

Our study showed that the short-term CF and 1-year

prognosis of incident MI have improved in both sexes from

the mid 1990s to 2002 in Finland. However, the decline in

pre-hospital CF was slower among young women com-

pared to men and older women. This higher CF during the

critical early hours of the event was reflected also in the

28-day CF after the incident MI. During the period

2–364 days after the onset of the event the decline was

similar in both sexes in both age groups. In our earlier

paper [20] we showed that the incidence and mortality of

first MI events were declining slower in young women than

in men and in older women. The present study continues

and extends this earlier work by showing that the early CF

of MI has developed less favourably in young women.

Table 2 Odds ratios (95% confidence intervals) for pre-hospital case-fatality of incident myocardial infarction events in the FINAMI and CVD

registers

Odds ratio 95% CI P

Pre-hospital case fatality

FINAMI

Study period (latter vs. former) 0.86 0.74–1.01 0.062

Age per 5 year increment in men 1.06 0.94–1.19 0.324

Age per 5 year increment in men C55 years 0.96 0.83–1.10 0.535

Age per 5 year increment in women 0.90 0.65–1.25 0.535

Age per 5 year increment in women C55 years 1.30 0.93–1.82 0.128

Sex by study period interaction in age group \55 years 2.03 1.08–3.82 0.028

Sex by study period interaction in age group C55 years 1.23 0.98–1.55 0.074

History of diabetes mellitus 0.87 0.70–1.07 0.176

Sex by history of diabetes mellitus interaction 1.03 0.77–1.37 0.859

CVDR

Study period (latter vs. former) 0.84 0.81–0.87 \0.0001

Age per 5 year increment in men 1.12 1.07–1.17 \0.0001

Age per 5 year increment in men C55 years 0.88 0.84–0.92 \0.0001

Age per 5 year increment in women 0.73 0.66–0.82 \0.0001

Age per 5 year increment in women C55 years 1.49 1.34–1.67 \0.0001

Sex by study period interaction in age group \55 years 1.35 1.11–1.63 0.003

Sex by study period interaction in age group C55 years 1.01 0.96–1.06 0.777

History of diabetes mellitus 0.75 0.71–0.78 \0.0001

Sex by history of diabetes mellitus interaction 0.88 0.82–0.94 0.000

Results from logistic regression analysis: Study period (coded as earlier = 0, latter = 1), baseline sex difference (used in all models, but not

significant), sex-specific age effect, history of diabetes mellitus and relevant interaction-terms with sex (coded as men = 0, women = 1) were

used as explanatory variables. FINAMI figures are adjusted for study area. Please see ‘‘Statistical methods’’ section for details
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Thus, both incidence and CF seem to have contributed to

the less favourable mortality trend in young women.

Pre-hospital case fatality

Higher short-term CF in women compared to men has been

reported from hospital-based surveys [4–12], whereas in

epidemiological studies sex differences have not been so

easily interpretable. Previous studies have shown that more

men than women die in pre-hospital conditions [23]. In our

study, the pre-hospital CF was also higher in men com-

pared to women in both registers. Two large population-

based studies from New Zealand and Scotland examining

short-term CF differences between sexes found, similarly

to our study, higher pre-hospital CF among men and no sex

difference in 28 or 30 day CF [14, 15]. Sex differences in

trends in out of hospital CF have also been shown previ-

ously. Capewell et al. [24] showed smaller declination in

out-of-hospital mortality among women in the Scottish

population during the 1986–1995. A more recent report

from the ARIC study, having data until 2004, showed a

smaller decline in sudden cardiac deaths among women

than among men [25]. Some studies have reported even an

increasing trend in sudden cardiac deaths among young

women [26]. These are important findings since changes in

out of hospital deaths are known to comprise over half of

overall CHD mortality decline in women [27].

An interesting question is whether this unfavourable

change in pre-hospital CF among young women is due to

differences in pathophysiology and clinical presentation

during the acute phase or insufficiency of primary pre-

ventive actions among the women. In epidemiological

studies, pre-hospital mortality due to first cardiac events is

often used as an indicator for efficiency of primary pre-

vention. Women are often considered to have atypical

symptoms, and limited awareness of cardiac disease, which

may lead to time-delay in seeking help. In most interven-

tional studies women have been reported to have a longer

delay in reaching the hospital after symptom onset than

men [28]. Also, due to either atypical symptoms or even

lack of any symptoms before the fatal event, women may

not have seeked medical help to obtain preventive medi-

cations before the fatal event. It has been shown that

symptoms before the fatal event are absent more often in

women than in men, even though most of the women who

die suddenly, have at least one elevated CHD risk factor

Table 3 Odds ratios (95% confidence intervals) for 28-day case-fatality of incident myocardial infarction events in the FINAMI and CVD

registers

Odds ratio 95% CI P

28-day case-fatality

FINAMI

Study period (latter vs. former) 0.79 0.68–0.91 0.001

Age per 5 year increment in men 1.05 0.94–1.17 0.427

Age per 5 year increment in men C55 years 1.19 1.04–1.36 0.014

Age per 5 year increment in women 0.99 0.73–1.35 0.950

Age per 5 year increment in women C55 years 1.45 1.06–2.00 0.022

Sex by study period interaction in age group \55 years 2.04 1.14–3.64 0.016

Sex by study period interaction in age group C55 years 0.99 0.81–1.22 0.953

History of diabetes mellitus 1.17 0.97–1.41 0.103

Sex by history of diabetes mellitus interaction 0.74 0.58–0.96 0.023

CVDR

Study period (latter vs. former) 0.78 0.76–0.81 \0.0001

Age per 5 year increment in men 1.02 0.98–1.07 0.318

Age per 5 year increment in men C55 years 1.20 1.15–1.26 \0.0001

Age per 5 year increment in women 0.69 0.62–0.77 \0.0001

Age per 5 year increment in women C55 years 2.05 1.84–2.28 \0.0001

Sex by study period interaction in age group \55 years 1.80 1.50–2.16 \0.0001

Sex by study period interaction in age group C55 years 0.94 0.90–0.99 0.018

History of diabetes mellitus 1.12 1.08–1.17 \0.0001

Sex by history of diabetes mellitus interaction 0.98 0.92–1.04 0.470

Results from logistic regression analysis: Study period (coded as earlier = 0, latter = 1), baseline sex difference (used in all models, but not

significant), sex-specific age effect, history of diabetes mellitus, and relevant interaction-terms with sex (coded as men = 0, women = 1) were

used as explanatory variables. FINAMI figures are adjusted for study area. Please see ‘‘Statistical methods’’ section for details
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[29]. This probably explains in part why in our study dia-

betes was associated with a lower risk of pre-hospital CF,

although for longer-term prognosis it was clearly deleteri-

ous. Diabetic patients are probably treated for and aware of

their high CHD risk and thus may have a shorter delay in

contacting the health care system in case of chest pain

symptoms. Some previous studies have concluded that

diabetes, though more prevalent among women, does not

explain the higher short-term CF in women [17, 30]. An

opposite conclusion was, however, recently reported from a

Swedish population-based study [3].

Smoking may in part explain the slower decline in

prehospital case fatality among young women. In Finland,

smoking has been increasing among young women until

recently [31]. An autopsy study of patients who had died

suddenly from cardiac causes showed a 2.0-fold risk for

sudden cardiac death in smokers [32]. Pathology studies

have shown that young women with sudden cardiac death

were more likely to be smokers and have a plaque erosion

leading to coronary thrombosis [33]. One of the possible

mechanisms is coronary spasm, which are found particu-

larly in smoking women [34]. Smoking, regarded as the

strongest risk factor for MI in young individuals, causes

epicardial vasocontriction, affects adversely endothelial

function and enhances the thrombus formation [35, 36].

Anatomical and pathophysiological sex differences may

also explain this tendency towards higher pre-hospital CF

among younger women. Women have smaller coronary

artery size, which makes them more prone to occlude,

and a thinner vessel wall, which is more inclined to dissect

[37]. Myocardial ischemia is known to activate autonomic

nervous control, which has age related sex differences. In

young women the parasympathetic control is the main

regulator of cardiovascular system and sympathetic tone is

known to dominate after the menopause [38]. It has been

speculated that the increased vagal reflexes among young

women protect them from ventricular fibrillation but on the

other hand an extreme vagal activation is known to lead to

asystole and hemodynamic instability [39].

2–27 day case fatality

In our study, 2–27 day CF was similar in both sexes. Most

of the percutaneous coronary intervention (PCI) and

Table 4 Hazard ratios (95% confidence intervals) for fatal outcome during the period 28–364 days after incident myocardial infarction in the

FINAMI and CVD registers

Hazard ratio 95% CI P

Fatality during the 28–364 days

FINAMI

Study period (latter vs. former) 1.29 0.89–1.88 0.180

Age per 5 year increment in men 1.31 0.83–2.07 0.251

Age per 5 year increment in men C55 years 1.08 0.65–1.79 0.773

Age per 5 year increment in women 0.71 0.34–1.45 0.342

Age per 5 year increment in women C55 years 2.15 1.01–4.60 0.048

Sex by study period interaction in age group \55 years N/A* N/A* N/A*

Sex by study period interaction in age group C55 years 0.65 0.40–1.04 0.072

History of diabetes mellitus 1.67 1.11–2.54 0.015

Sex by history of diabetes mellitus interaction 1.02 0.61–1.70 0.952

CVDR

Study period (latter vs. former) 0.85 0.79–0.91 \0.0001

Age per 5 year increment in men 1.17 0.98–1.40 0.088

Age per 5 year increment in men C55 years 1.27 1.05–1.53 1.012

Age per 5 year increment in women 0.97 0.63–1.51 0.887

Age per 5 year increment in women C55 years 1.59 1.02–2.49 0.041

Sex by study period interaction in age group \55 years 0.84 0.39–1.81 0.659

Sex by study period interaction in age group C55 years 0.97 0.88–1.07 0.553

History of diabetes mellitus 1.56 1.43–1.70 \0.0001

Sex by history of diabetes mellitus interaction 0.99 0.88–1.10 0.788

Results from Cox regression analysis: Study period (coded as earlier = 0, latter = 1), baseline sex difference (used in all models, but not

significant), sex-specific age effect, history of diabetes mellitus and relevant interaction-terms with sex (coded as men = 0, women = 1) were

used as explanatory variables. FINAMI figures are adjusted for study area. Please see ‘‘Statistical methods’’ for details

* N/A not available. No fatal cases during the days 28–364 in the latter study period among women aged \55 years
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revascularization procedures are conducted during these

days. Some previous studies, using data from 1995 and

earlier, before and in the beginning of the present state-of-

the-art coronary procedures, have shown higher in-hospital

CF for women [14, 15]. Recent reports have shown more

encouraging results. Jneid et al. [6] reported an equal in-

hospital CF between the sexes after age and co-morbidity

adjustments. However, CF remained higher among women

with ST-elevation myocardial infarction (STEMI). They

also reported lower use of cardiac catheterization and

revascularization procedures after MI among women [6].

Opposite results were reported by Zimmermann et al. [28]

studying 566 STEMI patients undergoing PCI during

1999–2006. They reported the same frequency of PCI

therapy among women as among men and, despite of the

higher co-morbidity and higher age among women, the

30-day mortality was similar. In line with these reports, a

recent epidemiological study showed improvements in

women’s in-hospital CF from 1994 to 2006, showing

largest improvement among younger women [40].

Long-term prognosis

Sex differences in long-term prognosis have not been as

evident as in the short-term CF. Goldberg et al. found even

better long-term prognosis among women, while others

concluded no sex differences in long-term survival [9, 10,

17]. However, these studies did not evaluate age related sex

differences separately. Schreiner et al. [41] showed a

higher amount of fatal recurrent events among men than

among women of similar age during a 5 year follow-up of

28-day survivors after an incident MI. Vaccarino et al. [19]

showed higher 2-year mortality among women aged

\60 years, using data collected from hospital survivors

and a similar conclusion was reported for 1-year mortality

among women aged \50 years in Sweden [3]. Further-

more, a cross-sectional study comprising 4,347 consecutive

patients hospitalized in France showed recently that higher

one year mortality was explained by the higher risk of

younger women to die during the first days of hospital-

ization [30]. Taken together, these findings together with

our results are alarming indications of the higher risk of

fatal outcome in acute MI among young women warranting

more attention to primary prevention and acute treatment in

young women’s MI.

Strengths and limitations

Two population-based registers, which have complemen-

tary approaches, were used in our study. CVDR records all

coronary events in the country, whereas FINAMI is based

on detailed review of all clinical information according to a

standardized protocol. For the main part, these two regis-

ters gave consistent results. The registers enabled the

inclusion of pre-hospital deaths, which is necessary for

unbiased assessment of sex differences in CF. A limitation

was the lack of data on the use of different medications and

investigations, except revascularizations and thrombolysis

in FINAMI. Also, our information on risk factors and

comorbidities other than diabetes were limited. FINAMI

study population was collected in four mainly urban

regions, where the event rates are lower than in the rural

areas. However, although FINAMI may not represent

Finland as a whole, CVDR covers the whole country.

Conclusion

Pre-hospital, 28-day and 1-year case-fatality declined in

both sexes in Finland. The pre-hospital CF has declined

more slowly among young (\55 years old) women com-

pared to men and older women. This slower decline in

early CF after an incident MI was responsible also for the

slower decline in 28-day and 1-year CF among young

women. Further studies are warranted to find out the rea-

sons for this less favourable development in young women.
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Turku University Hospital: Pirjo Immonen-Räihä,
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