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Smoking and risk of myocardial infarction in women and
men: longitudinal population study
Eva Prescott, Merete Hippe, Peter Schnohr, Hans Ole Hein, Jørgen Vestbo

Abstract
Objective: To compare risk of myocardial infarction
associated with smoking in men and women, taking
into consideration differences in smoking behaviour
and a number of potential confounding variables.
Design: Prospective cohort study with follow up of
myocardial infarction.
Setting: Pooled data from three population studies
conducted in Copenhagen.
Subjects: 11 472 women and 13 191 men followed
for a mean of 12.3 years.
Main outcome measures: First admission to hospital
or death caused by myocardial infarction.
Results: 1251 men and 512 women had a myocardial
infarction during follow up. Compared with
non-smokers, female current smokers had a relative
risk of myocardial infarction of 2.24 (range 1.85-2.71)
and male smokers 1.43 (1.26-1.62); ratio 1.57
(1.25-1.97). Relative risk of myocardial infarction
increased with tobacco consumption in both men and
women and was higher in inhalers than in
non-inhalers. The risks associated with smoking,
measured by both current and accumulated tobacco
exposure, were consistently higher in women than in
men and did not depend on age. This sex difference
was not affected by adjustment for arterial blood
pressure, total and high density lipoprotein
cholesterol concentrations, triglyceride
concentrations, diabetes, body mass index, height,
alcohol intake, physical activity, and level of education.
Conclusion: Women may be more sensitive than men
to some of the harmful effects of smoking.
Interactions between components of smoke and
hormonal factors that may be involved in
development of ischaemic heart disease should be
examined further.

Introduction
Ischaemic heart disease is responsible for about 40% of
deaths in Western countries, with smoking as a major
modifiable risk factor.1 The steep rise in the worldwide
prevalence of smoking among women is expected to
continue in the near future. At the start of the smoking
epidemic, female smokers were few and differed exten-
sively from male smokers in factors such as age of
starting smoking, amount smoked, and inhalation hab-
its, and the risk associated with smoking in women may

have been underestimated.2–4 Within the past two or
three decades male and female smoking habits have
become similar, and a more fair comparison of the risk
associated with smoking in both sexes based on recent
prospective population studies is now possible. From a
public health point of view, as well as a clinical point of
view, it is important to recognise sex differences in risk
associated with smoking and elucidate possible mecha-
nisms by which these differences could act.

We recently found that the relative mortality from
vascular disease was higher in female smokers than in
male smokers.5 Consequently, we aimed to examine
sex differences in smoking related risk of myocardial
infarction while simultaneously including multiple
cardiovascular risk factors in a prospective population
study conducted in Copenhagen.

Methods
This study is based on data from three longitudinal
population studies: the Copenhagen city heart study,
with 15 789 subjects from central Copenhagen; the
Glostrup population studies, with 6341 subjects from
Copenhagen suburbs; and the Copenhagen male
study, which sampled 3355 subjects from 14 large
workplaces. All datasets with sufficient information on
cardiovascular risk factors were included. The study
population is outlined in table 1. Overall response rate
at first examination was 77% (range 69-88%).

Cardiovascular risk factors were assessed by a self
administered questionnaire and various laboratory
tests. Tobacco consumption was studied in six
categories: never smokers; ex-smokers; non-inhaling
current smokers; and inhaling current smokers of
1-14, 15-24, and >25 g tobacco per day. Type of
tobacco (cigarette, cheroot, cigar, pipe, or mixed) was

Table 1 Overview of study population

Cohort of origin*
No of

women
No of
men

Year of
examination

Age at
examination

No of
myocardial
infarctions

Copenhagen city heart study 8 395 7 033 1976/81 20-93 1368

Glostrup population studies 547 503 1976 40 30

1 828 1 889 1982 30-60 119

702 695 1987 30-60 25

Copenhagen male study — 3 071 1985 45-64 221

Total 11 472 13 191 1976-87 20-93 1763

*Subjects with myocardial infarction before enrolment (n=627), double participants (n=191), and subjects
lost to follow up (n=1) were excluded.
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recorded for current smokers, as were years of smoking
for both current and former smokers. Current tobacco
consumption was calculated by equating a cigarette to
1 g tobacco, a cheroot to 3 g tobacco, and a cigar to 5 g
tobacco. Pack years in current smokers was calculated
as years of smoking multiplied by packs (of 20
cigarettes) currently consumed.

Arterial blood pressure was measured with the
subject in a sedentary position after at least five
minutes’ rest. Blood lipids were non-fasting in the
Copenhagen city heart study and fasting in the
remaining cohorts. Body mass index was calculated as
weight (kg) divided by height squared (m2). Educational
level was divided into three categories: < 8 years of
schooling (completed primary school), 8-11 years, and
> 11 years. Alcohol consumption was classified
according to total weekly intake: < 1 drink per week,
1-6 drinks, 7-13 drinks, 14-27 drinks, 28-41 drinks, and
> 41 drinks; one drink contained 9-13 g alcohol.
Physical activity in leisure time was classified into three
categories as sedentary; moderate activity < 4 hours
per week; and moderate activity > 4 hours per week.
Self reported diabetes was defined as an affirmative
answer to the question “Do you have diabetes?”

Subjects were followed until 31 December 1993 for
fatal and non-fatal myocardial infarction (ICD-8
diagnosis code 410); the information was obtained
from the National Board of Health or the National
Hospital Discharge Register. Subjects with myocardial
infarction before enrollment were excluded; analyses
therefore concern first myocardial infarction only.

Statistical analysis
Arterial blood pressure, total and high density lipo-
protein cholesterol concentrations, triglyceride con-
centrations, height, weight, and body mass index were
divided into fifths within cohorts, by sex and by 10 year
age groups. In this way differences in methods of
measurement between the three cohorts were taken
into account. Association between risk factors and
myocardial infarction was analysed by using Cox
proportional hazards regression models with age as
underlying timescale and delayed entry accordingly.
Relative risks for covariates other than smoking did not
differ between men and women, and the final analyses
were performed on the pooled data stratified by sex;

this assumed the same effect of covariates in men and
women but allowed for different baseline hazard in
men and women. All covariates were treated as
categorical variables as described above, and tests for
interaction were done by using the likelihood ratio test.
There were no significant interactions between sex and
cardiovascular risk factors other than smoking. Both
incidence rate and distribution of risk factors differed
in the three study groups, but risk estimates did not dif-
fer. We therefore report results from the pooled data
adjusted for cohort of origin. Incidence rates were
based on number of events and person years of obser-
vation in 5 year age bands. The Stata statistical package
was used for estimation.6

Results
Analyses were based on 11 472 women and 13 191
men (table 1). During follow up, 512 women and 1251
men had myocardial infarctions, of which 104 and 274,
respectively, were fatal.

With the exception of alcohol consumption and
physical activity, men had a more disadvantageous
cardiovascular risk profile (table 2).

Figure 1 shows age and sex specific incidence rates
of myocardial infarction. Men had higher incidence
rates than women at all ages but the male-female risk
ratio decreased from about 3 in the younger groups to
1.5 in older groups.

Systolic blood pressure, diastolic blood pressure,
total and high density lipoprotein cholesterol concen-
trations, triglyceride concentrations, body mass index,
height, education, alcohol intake, leisure time physical
activity, and diabetes were all strongly associated with
risk of myocardial infarction, and relative risks were
similar in men and women.

Female current smokers had a relative risk of 2.24
(range 1.85-2.71) and male smokers 1.43 (1.26-1.62)
relative to non-smokers. This difference was significant
(ratio 1.57 (1.25-1.97), P = < 0.001) and was not
changed after multiple adjustment for other risk
factors. Risk in ex-smokers was not increased, but in
current smokers there was a clear dose-response
relation from a relative risk of 1.70 (1.31-2.21) and 1.26
(0.98-1.61) in female and male non-inhalers, respec-

Table 2 Background characteristics and risk factors by sex. Values are mean (SD)
unless otherwise indicated

Characteristic Women (n=11 472) Men (n=13 191) P value

Age (years) 49.7 (12.4) 52.5 (12.6) <0.001

Body mass index (kg/m2) 24.4 (4.4) 25.6 (3.6) <0.001

Systolic blood pressure* (mm Hg) 130.4 (22.3) 135.6 (20.5) <0.001

Diastolic blood pressure* (mm Hg) 79.2 (12.0) 83.3 (12.3) <0.001

Plasma cholesterol* (mmol/l) 6.16 (1.28) 5.98 (1.19) <0.001

Plasma triglyceride* (mmol/l) 1.37 (0.85) 1.89 (1.41) <0.001

High density lipoprotein cholesterol* (mmol/l) 1.49 (0.46) 1.26 (0.37) <0.001

No (%) current smokers 6461 (56.3) 8490 (64.5) <0.001

Daily tobacco consumption†(g) 13.8 (7.9) 17.9 (9.8) <0.001

No (%) with <8 years education 5071 (44.2) 6081 (46.1) 0.003

No (%) physically inactive in leisure time 2719 (23.7) 2454 (18.6) <0.001

No (%) with intake >14 drinks/week 987 (8.6) 5514 (41.8) <0.001

No (%) with self reported diabetes 149 (1.3) 303 (2.3) <0.001

*In men, based on 10 120 subjects. Subjects from Copenhagen male study excluded because of difference
in method of measurement.
†Among current smokers.
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Fig 1 Age specific incidence rate of myocardial infarction in 11 472
women and 13 191 men from Copenhagen
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tively, to a maximum of 3.31 (1.91-5.73) and 2.08 (1.60-
2.69) in heavy smokers (table 3). All risk estimates were
higher in women than in men and were not affected by
adjustment for other major risk factors, as indicated.
Similar results were seen after categorisation by pack
years: maximum risk was seen in inhaling smokers of
more than 30 pack years (3.26 (2.36-4.50) in women,
1.76 (1.41-2.19) in men; ratio 2.13 (1.48-3.07)). There
was no interaction between smoking and other risk
factors.

Figure 2 shows relative risk for inhaling current
smokers versus never smokers by age in men and
women up to age 85. The risk of myocardial infarction
decreased with age but was higher in women at all ages.
The interaction term between smoking and sex did not
differ in the four 10 year intervals (P = 0.73) and when
the age dependence of the risk associated with
smoking was adjusted for, the overall ratio between
female and male relative risk was 2.01 (1.39 to 2.90).

Discussion
In this prospective study of almost 25 000 subjects the
main result was that relative risk of myocardial
infarction in female smokers exceeded that of male
smokers by more than 50%. This difference was not
affected by multiple adjustment for major cardio-
vascular risk factors.

Myocardial infarction
Our end point was defined as ICD-8 code 410,
ascertained from the Hospital Discharge Register and
from registration of cause of death with the National
Board of Health, and included both fatal and non-fatal
myocardial infarction. Some infarctions did not lead to
hospital admission or may have been coded differently,
for instance as codes 411 (other acute ischaemic heart
disease), 427 (symptomatic heart disease), and 795
(sudden death). However, only differential misclassifi-
cation (related to both sex and smoking status) will bias
results, and there is no reason to suspect this.

Incidence rates of myocardial infarction in men
were similar to those in other studies but the rates in
women were higher. This is consistent with reports
showing that mortality in middle aged Danish women
is among the highest in western Europe and is at least
partly caused by the high prevalence of smoking.7

Consistent with the observation that ex-smokers
reduce their excess risk of myocardial infarction by as
much as 50% within the first year after quitting,1 we
found that myocardial infarction was more strongly
associated with current exposure than with accumu-
lated exposure to tobacco. This is in agreement with
findings that the short term effects of components in
tobacco smoke—on the haemodynamic system, for
example—are more important than the chronic expo-
sure in development of coronary thrombosis.

Comparison by sex
In a previous study we showed that female smokers
have about a 50% higher relative risk of dying from
vascular disease.5 The present study confirmed this sex
difference and found that the difference is not affected
by adjustment for other cardiovascular risk factors.

Our analyses were based on baseline smoking
status. If substantially more men than women gave up
smoking during follow up, this could explain some of
the observed difference. In 11 094 subjects in the
Copenhagen city heart study who were re-examined
after 5 years, 12.8% of men and 11.6% of women who
smoked at baseline had given up smoking. As quitting
rates were similar, this is not likely to have affected
results.

A few studies have addressed the issue of sex differ-
ence in effect of smoking on ischaemic heart
disease.4 8–12 In a large prospective Norwegian study
that included 11 843 subjects, relative risk of myo-
cardial infarction was 3.3 in female current smokers

Table 3 Relative risk (95% confidence interval) of myocardial infarction by current tobacco exposure in 11 472 women and 13 191
men. Results from Cox proportional hazards regression analysis

Smoking status

Unadjusted* Adjusted†

Women Men Ratio Women Men Ratio

Never smoker 1.0 1.0 1.0 1.0 1.0 1.0

Ex-smoker 0.99 (0.71 to 1.38) 1.14 (0.90 to 1.44) 0.87 (0.58 to 1.30) 1.05 (0.74 to 1.50) 1.11 (0.86 to 1.42) 0.95 (0.61 to 1.46)

Current smoker:

Non-inhaling 1.70 (1.31 to 2.21) 1.26 (0.98 to 1.61) 1.35 (0.94 to 1.94) 1.82 (1.39 to 2.41) 1.37 (1.06 to 1.78) 1.33 (0.91 to 1.94)

Inhaling:

1-14 g/day 2.59 (1.98 to 3.38) 1.52 (1.19 to 1.95) 1.70 (1.18 to 2.44) 2.76 (2.08 to 3.68) 1.60 (1.24 to 2.07) 1.72 (1.18 to 2.53)

15-24 g/day 2.99 (2.25 to 3.99) 1.72 (1.37 to 2.17) 1.74 (1.20 to 2.51) 3.27 (2.42 to 4.42) 1.75 (1.37 to 2.23) 1.87 (1.27 to 2.75)

>24 g/day 3.31 (1.91 to 5.73) 2.08 (1.60 to 2.69) 1.60 (0.87 to 2.93) 2.82 (1.45 to 5.46) 2.09 (1.58 to 2.77) 1.34 (0.66 to 2.75)

Test for interaction‡ P= 0.002 P= 0.005

*Adjusted for age and cohort.
†Cox regression model stratified by sex and adjusted for age, cohort of origin, smoking status, sex, systolic blood pressure, diastolic blood pressure, cholesterol,
triglyceride, body mass index, education, alcohol, diabetes, physical activity, and height.
‡Likelihood ratio test for interaction between smoking and sex.
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Fig 2 Relative risk of myocardial infarction for inhaling current
smokers compared with never smokers
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and 1.9 in male current smokers after adjustment for
total and high density lipoprotein cholesterol concen-
trations, triglyceride concentrations, body mass index,
and systolic blood pressure.9 This study also showed
that relative risks associated with other risk factors were
similar in both sexes. In the West of Scotland study, in
which 4696 women and 5714 men were followed for
death from ischaemic heart disease, relative risk was
1.9 in women and 1.6 in men after adjustment for
major risk factors.10 In a Swedish study that included
10 945 twins, relative risk was 1.6 in female smokers
and 1.4 in male smokers.11 However, the Framingham
study found no significant relation between smoking
and ischaemic heart disease in women,4 and in a study
of death from ischaemic heart disease by LaCroix et al,
which included 7178 subjects aged over 65, relative
risks were 1.6 in female smokers and 2.0 in male smok-
ers, with no adjustment for other risk factors.12 In these
and in other important studies of coronary
mortality2 3 13–15 an apparent lack of difference between
the sexes in risk associated with smoking may be due to
the extensive differences in smoking habits between
male and female smokers from older birth cohorts.

Our results are based on a multiplicative model,
which is the most widely used model in cardiovascular
epidemiology. That cardiovascular risk factors should
act multiplicatively is biologically plausible, given what
we know of the pathogenesis of myocardial infarction.
If effects of cardiovascular risk factors are additive,
relative risks will vary between men and women simply
because risks vary at baseline. In this and other studies,
however, relative risks did not vary for the other
cardiovascular risk factors examined,9 and the sex
difference in effect of tobacco thus cannot simply be
put down to differing baseline rates. Although relative
risks are higher in women, suggesting differences in
mechanism of action of tobacco in men and women,
smoking may well cause more cases of myocardial
infarction among men. In our study population, the
difference in risk was higher in men to age 65 and in
women after age 65.

A possible cause of the sex difference is an inter-
action of some hormonal factors with components of
the inhaled smoke. There is growing epidemiological
evidence that women who smoke are relatively
deficient in oestrogen: they have an earlier menopause,
decreased risk of cancer of the endometrium, greater
likelihood of osteoporosis and of osteoporotic
fractures, and reduced incidence of a number of
“minor” disorders such as uterine fibroids.16 Possible
biological mechanisms have been suggested.16–18

Oestrogen deficiency, on the other hand, is associated
with cardiovascular disease: rates of ischaemic heart
disease increase sharply in women after menopause;
young women with bilateral oophorectomy have an
increased risk of ischaemic heart disease; and accumu-
lating epidemiological data show that women who use
hormone replacement therapy after menopause have
lower rates of ischaemic heart disease.19 20 This
mechanism may be by lowering low density lipo-
protein and fibrinogen, increasing high density lipo-
protein cholesterol,21 22 increasing blood flow, and
reducing artherosclerosis.19 23 Thus it is possible that
tobacco smoke, in addition to the (partly unknown)
mechanisms by which it increases risk of ischaemic
heart disease in both men and women, interacts with

sex hormones and thus increases risk of ischaemic
heart disease relatively more in female smokers than in
men. In support of this, Criqui et al found that
hormone replacement therapy was protective only in
smokers,24 and in a study based on the Copenhagen
city heart study Lindenstrøm et al found that hormone
replacement therapy reduced the risk of stroke only in
smokers,25 results which have yet to be confirmed in
other studies. Because of insufficient information on
hormone replacement therapy we could not examine
this.

Conclusion
Female smokers have a higher relative risk of myo-
cardial infarction than male smokers, even after adjust-
ment for major cardiovascular risk factors. This raises
the question of whether tobacco smoke may be more
harmful to women with regard to ischaemic heart dis-
ease, possibly because of constituents of tobacco smoke
exerting anti-oestrogenic effects. Results from large
ongoing clinical trials of hormonal replacement
therapy may be able to elucidate this.
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Ecological study of reasons for sharp decline in mortality
from ischaemic heart disease in Poland since 1991
Witold A Zatonski, Anthony J McMichael, John W Powles

Abstract
Objective: To investigate the reasons for the decline
in deaths attributed to ischaemic heart disease in
Poland since 1991 after two decades of rising rates.
Design: Recent changes in mortality were measured
as percentage deviations in 1994 from rates predicted
by extrapolation of sex and age specific death rates for
1980-91 for diseases of the circulatory system and
selected other categories. Available data on national
and household food availability, alcohol consumption,
cigarette smoking, socioeconomic indices, and
medical services over time were reviewed.
Main outcome measures: Age specific and age
standardised rates of death attributed to ischaemic
heart disease and related causes.
Results: The change in trend in mortality attributed
to diseases of the circulatory system was similar in
men and women and most marked ( > 20%) in early
middle age. For ages 45 to 64 the decrease was
greatest for deaths attributed to ischaemic heart
disease and atherosclerosis (around 25%) and less for
stroke ( < 10%). For most of the potentially
explanatory variables considered, there were no
corresponding changes in trend. However, between
1986-90 and 1994 there was a marked switch from
animal fats (estimated availability down 23%) to
vegetable fats (up 48%) and increased imports of fruit.
Conclusion: Reporting biases are unlikely to have
exaggerated the true fall in ischaemic heart disease;
neither is it likely to be mainly due to changes in
smoking, drinking, stress, or medical care. Changes in
type of dietary fat and increased supplies of fresh fruit
and vegetables seem to be the best candidates.

Introduction
From 1960 to 1991 mortality from diseases of the cir-
culatory system in Poland was high and increasing.
Death certification rates for this group of causes rose
by about 70% in men and 15% in women, and in both

sexes mortality from ischaemic heart disease roughly
doubled.1-4 Since 1991, however, the fall in death certi-
fication rates for ischaemic heart disease seems to have
been larger than that previously observed in any coun-
try in peacetime. This sharp change in trend suggests a
curtailment of the final, fatal steps of the disease in
people with advanced coronary atherosclerosis.

The unplanned natural experiments taking place
in Poland and neighbouring countries in association
with the unusually rapid political and economic trans-
formations that began in the late 1980s may elucidate
why mortality from ischaemic heart disease varies
more between populations and over time than has
previously been accounted for by the classic risk
factors.5 Analyses in populations may yield such leads,
notwithstanding the difficulties they face in taking
adequate account of concurrent changes in confound-
ers.6 Such analyses may point to widely shared
influences on disease incidence, especially those acting
late in the disease process.7

We considered the possible roles of concomitant
changes in the availability of foods and alcohol, smok-
ing prevalence, socioeconomic indices, and medical
care in explaining the recent decline in mortality from
ischaemic heart disease in Poland.

Subjects and methods
Mortality data are from the Polish system of vital statis-
tics and the mortality data bank of the World Health
Organisation in Geneva. There were no significant
inconsistencies between the two data sets.

National death certification rates were examined
for five year age groups between 35 and >85 for 1970-
94. Rates for ages 45-64 were standardised by five year
age groups using weights of 6, 5, 4, and 4 respectively.8

To minimise the effects of short term perturbations in
rates around 1989-91, the subsequent changes in rates
were measured as the percentage deviations in the
reported rates for 1994 from rates predicted for 1994
by extrapolating the linear trends for 1980-91 (after
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