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Risk factors for acute myocardial infarction in women: evidence from
the Royal College of General Practitioners' oral contraception study

Peter Croft, Philip C Hannaford

Abstract
To determine the pattern of risk factors for acute
myocardial infarction associated solely with women
a nested case-control study was carried out on
cohort data collected during the Royal College of
General Practitioners' oral contraception study.
Smoking (adjusted relative risk 1-7 for light smokers
and 4-3 for heavy smokers), hypertension (2-4),
toxaemia of pregnancy (2.8), and diabetes mellitus
(6-9) were associated with a significantly increased
risk of myocardial infarction. There was no signifi-
cant trend of risk with social class. Current use ofthe
pill increased the risk only among women who also
smoked (relative risk 20-8 for heavy smokers).
Previous use of the pill did not influence the risk of
myocardial infarction. If heavy smokers also had a
history of toxaemia of pregnancy their risk of
myocardial infarction was further increased (relative
risk 41-0). Other variables associated solely with
women, such as parity, hysterectomy, and hormone
replacement therapy, had little effect on the risk of
having a myocardial infarction.

Overall, smoking was the most important inde-
pendent risk factor and had a strong influence on
risks associated with other factors.
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Introduction
In the Western world one third of all the deaths that

occur in women aged between 25 and 64 are caused by
cardiovascular disease. The risk factors associated with
ischaemic heart disease in women, however, are less
well characterised than those that influence coronary
artery disease in men. Previous studies have tended to
confirm smoking, hypertension, clotting variables,
and serum lipid concentrations as major risk factors in
both men and women.' Less clear is the pattern of risk
for characteristics associated solely with women. These
include parity, toxaemia of pregnancy, hysterectomy,
the menopause, hormone replacement therapy, and
use of oral contraceptives. Study of these factors may
help to explain both the mechanisms of risk of
ischaemic heart disease among women and the reason
for the difference in incidence between men and
women.
The Royal College of General Practitioners' oral

contraception study, though primarily designed to
investigate the health effects of oral contraceptives,
provided a valuable opportunity to examine other
influences on myocardial infarction in women. A
nested case-control study carried out on the cohort data
allowed us to examine more variables than can usually
be accommodated in longitudinal analysis.

Subjects and methods
Full details of the design of the study have been

given elsewhere.' In summary, during 14 months from

May 1968, 23000 women who had used oral contra-
ceptives and a similar number of women who had
never used them were recruited by 1400 general
practitioners. Comprehensive information on use of
the pill, all newly presenting episodes of morbidity,
and causes of death were reported by the general
practitioners at six monthly intervals after recruit-
ment. Observation of the study cohort continues.
The rationale and theory of a case-control analysis of

cohort data were outlined by Lubin.' Essentially,
controls matched for each case should represent
subjects in the cohort known to be at risk of a first event
at the time of the case event. All cases and controls
came from the study cohort. The cases comprised all
women who had had their first acute myocardial
infarction (International Classification of Diseases
(ICD), eighth revision, code 4100-4109) while under
observation in the study. The diagnosis was that
reported by the general practitioner to the study; no
specific criteria for diagnosis were given. In the case of
a fatal first event the doctor's report was supplemented
bv information from the death certificate. Women in
whom myocardial infarction was diagnosed before
recruitment were excluded. The data were extracted in
October 1987.
Three controls, who were matched for age with each

case (index subject), were selected as follows. Three
doctors who were still participating in the study
were identified by random selection. Details of their
recruited subjects were examined to find those who
fulfilled the selection criteria-namely, date of birth
within two years of the index subject's date of birth, no
history of a myocardial infarction and still under
observation when infarction was diagnosed in the
index subject, and a different recruiting doctor from
that of the index subject. One control was randomly
selected per doctor. If there were no potential controls
another doctor was randomly identified. The records
of all selected subjects were examined and their
relevant personal characteristics, details of their use of
the pill, and previous medical history were extracted
and categorised. Within each matched set all charac-
teristics were those that pertained at the date of the
index subject's myocardial infarction.

According to the Registrar General's classification,
the women were grouped into four categories of social
class (1 and 2, 3 non-manual, 3 manual, 4 and 5). Other
factors examined in the analysis were parity, smoking,
use of the pill, history of hypertension (ICD 4010),
history of toxaemia of pregnancy (ICD 6370, 6371,
6379), diabetes mellitus (ICD 250, 7895), psychiatric
history-psychosis (ICD 290-299), non-psychotic
mental disorders (ICD 300-309), deliberate self harm
(appropriate ICD E and N codes)-hysterectomy
(ICD R690-694, R696), and use of hormone replace-
ment therapy. The interaction of age with each of these
factors was examined.

Full irnformation was not available for 12 women:
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history of smoking was unknown in five, parity in
three, and social class in four. If the missing data
related to a control the value for the matched index
subject was substituted. In theory this would tend to
underestimate the relative risks associated with these
factors. In practice, when these controls were omitted
entirely any changes in the value of the relative risks
were small. When data were missing for an index
subject the whole matched set was removed from the
analyses: five sets were thus removed.

TABLE I-Age distribution of
158 women with acute

myocardial infarction

Age at diagnosis
(years) No of women

20-4 2
25-9 2
30-4 6
35-9 15
40-4 25
45-9 34
50-4 39
55-9 29
o60 6

POWER AND STATISTICAL ANALYSIS

There were 158 matched sets available for analysis,
which was carried out with the PECAN program for
conditional logistic regression analysis of matched
case-control data.' Each variable was first examined
separately, and unadjusted relative risks were calcu-
lated. These were then adjusted for social class,
smoking, and history of use of the pill. Further
adjustments were made for other potential con-
founding variables, and confidence intervals were
calculated.4

For 160 cases a ratio of three controls for each case
gave a power of more than 90% to detect an increased
relative risk of 2 5 or more with an exposure prevalence
of 10% among the controls, or an increased relative risk
of 3-0 or more with an exposure prevalence of 5%
((x=0 05 one sided).' Combinations of risk factors that
seemed clinically relevant were examined and 95%
confidence intervals for the associated relative risks
calculated. The size of the study was unlikely to have

TABLE iI-Relative risk ofacute myocardial infarction associated with characteristics ofwomen in study

95% Confidence
Unadjusted Adjusted interval for

No of No of relative relativc adjusted relative
cases controls risk risk* risk

Use of oral contraceptizes
Ne.ert 64 227 1-0 1-0
Previously 67 186 1-3 1-0 0-7 to 1 6
Currently 27 61 1-8 1-8 0-9 to 3-6

Smoking habit at recruitment
Non-smokert 47 256 1.0 1 0
<lSCigarettesaday 42 126 1-8 1-7 1-1 to2-7
15 Cigarettesaday 69 92 4-3 4 3 2-6to6-9

Social class at recruitment
I and2t 39 163 1-0 1-0
3(Non-manual) 18 38 2-4 2-1 1 -Oto4-6
3 (Manual) 74 184 2-1 1-7 0-9to 2-9
4and5 27 89 1-6 1-2 0-6to2-4

Parity at time ofevent
Nulliparoust 7 25 1-0 1-0
Para 1 22 63 1-2 0-7 0-2 to 2-1
Para2 51 173 1-0 0-6 0-2to1-6
Para3 41 115 1-3 0-7 0-3to2-0
Para4 19 63 1-1 0-7 0-2to 1-9
Para5+ 18 35 1.8 0-9 0-3to2-6

*Relative risk adjusted for social class, smoking, and use of oral contraceptives, except where an adjusting variable
was itself being examined.
tReference subgroup.

TABLE III-Relative risk of acute myocardial infarction associated with relevant medical history

95%/o Confidence
Unadjusted Adjusted interval for

No of No of relative relative adjusted relative
cases controls risk risk* risk

Toxaemia of
pregnancy 39 54 2-5 2-8 1-7 to 4-8

Hypertension 44 49 3-0 2-4 1-4 to 4-1
Psychiatric history:
Nonet 57 216 1-0 1-0
History without

psychosis 90 236 1-5 1-4 0-9 to 2-2
History with

psychosis 11 22 2-0 2-0 0-8 to4-9
Diabetes mellitus 6 2 9-0 6-9 1-1 to 43-8
Hysterectomy 13 50 08 0-8 0-4to 1-6
Hormone

replacement
therapy 9 32 0-8 0-8 0-3 to 1-8

*Relative risk adjusted for social class, smoking, use of oral contraceptives, history of toxaemia of pregnancy, and

hypertension, except where an adjusting variable was itself being cxamined; hysterectomy and hormone replacement
therapy also adjusted for each other.
tReference subgroup.

TABLE IV-Interaction ofsmoking with use of oral contraceptives and
history of hypertension and toxaemia ofpregnancy. Figures are ratios
ofcases to controls with relative risk (95% confidence interval)

Smoking

< 15 Cigarettes ¢ 15 Cigarettes
Never a day a day

Use oforal contraceptives
Never 23:135 21:54 20:38

1-0 2-0(1-0to3-9) 3-3(1-6to6-7)
Previously 19:91 12:50 36:45

1-1 (0-6to2-2) 1-3(0-6to2-8) 4-3(2-3to8-0)
Currently 5:30 9:22 13:9

0-9 (0-3 to 2-7) 3-5 (1-3 to 9-5) 20-8 (5-2 to 83- 1)
History of hypertension

No 32:227 28:109 54:81
1-0 1-8(1-0to3- 1) 4-8(2-8to8- 1)

Yes 15:29 14:17 15:11
3-7 (18 to 7-6) 5-8 (2-5 to 13-5) 9-0 (3-7 to 21-7)

Historv oftoxaemia ofpregnancy
No 33:224 34:108 52:88

1-0 22 (13 to 3-7) 4-5 (2-7 to 7-6)
Yes 14-32 8:18 17:4

3-4(1-6to7-2) 3-3(1-3to8-3) 41-0(11-2to149-4)

the power to detect interactions that deviated signifi-
cantly from a simple multiplication of risk.

Results
Table I shows the age distribution of the women

with myocardial infarction. Table II details the relative
risk of having a myocardial infarction associated
with the personal characteristics of the women. The
numbers of women in each group are also given.
Neither current nor previous use of the pill was
associated with significant increased relative risks
(adjusted relative risk 1 8 and 10 respectively).
Women who smoked were at significantly greater risk
of heart disease. Heavy smokers (15 or more cigarettes
a day) had over four times the risk of non-smokers
(adjusted relative risk 4 3) whereas light smokers (less
than 15 cigarettes a day) had nearly twice the risk of
non-smokers (adjusted relative risk 1 7). There was a
significant linear trend of risk with smoking (y2 =40 7,
df= 1), and the point estimates showed little departure
from that trend (y2=0.6, df=2 for deviation from
linearity). Parity was shown not to be a significant risk
factor for myocardial infarction. There was no clear
trend of changing risk with social class. Adjustment of
crude estimates for potential confounding effects made
little difference to the relative risks. The small changes
in the relative risks associated with use of the pill, social
class, and parity (table II) were due to the confounding
effect of cigarette smoking.
A history of toxaemia of pregnancy, hypertension,

or diabetes mellitus significantly increased a woman's
risk of developing a myocardial infarction (table III).
The relative risks for toxaemia of pregnancy and
hypertension remained significantly raised after any
confounding effects between the two diagnoses were
removed (adjusted relative risk 2 8 and 2-4 respec-
tively). This suggested that these variables are inde-
pendent risk factors for myocardial infarction. A
psychiatric history with or without the mention of
a psychotic episode was not associated with a signifi-
cantly increased risk (adjusted relative risk 2 0 and 1-4
respectively). Similarly a history of hysterectomy and
use of hormone replacement therapy were not asso-
ciated with raised relative risks. The relative risks of
the variables studied did not change significantly with
age.

Table IV describes the interaction between smoking
and use of the pill, a history of hypertension, and a
history of toxaemia of pregnancy. As already shown in
table II, the relative risk of myocardial infarction
increased the more a woman smoked. Acute myo-
cardial infarction was commoner among women who
smoked 15 or more cigarettes a day, regardless of their
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use of the pill. The estimates of relative risk, however,
suggested that current use of the pill enhanced the risk
of heavy smokers (relative risk 20 8). In addition, light
smoking seemed to influence the risk of myocardial
infarction only among women who were also currently
taking the pill (relative risk 3-5). There was no
association of myocardial infarction with current or
previous use of the pill among non-smokers. There was
little evidence of interaction between smoking and
hypertension. The relative risk of myocardial infarc-
tion among heavy smokers seemed to be affected by a
history of toxaemia of pregnancy (41 0) but had broad
confidence intervals because of the small number of
events.

Table V examined whether the relative risks asso-
ciated with a history of hypertension or toxaemia of
pregnancy were altered by use of the pill. There was
little evidence for this as the relative risks for hyper-
tension and toxaemia of pregnancy were similar in
never, previous, and current users of the pill.

TABLE v--Interaction of use of oral contraceptives with history of
hypertension and toxaemia ofpregnancy. Figures are ratios ofcases to
controls with relative risks (95% confidence interval)

Use of oral contraceptives

Never Former use Current use

Historc of hvpertension
No 46:198 51:169 22:53

1.0 1 5(099to 2 4) 200(I 1 to 3 9)
Yes 18:29 16:17 5:8

5'4y2'6to 112) 2'6(I 3to5'0) 777j12tot49'2)
History of toxaemia of pregnancy

No 43:208 47:150 24:59
1.0 133(0 8to 2 0) 2 -0 J -0to 4-0)

Yes 21:19 20:36 3:2
2'6 13 to 49) 40 (19 to 88) 32 (I0 to 109)

Discussion
This study confirmed the importance of cigarette

smoking, diabetes, and hypertension as risk factors for
acute myocardial infarction in women. Current use of
the pill was associated with an increase in risk only in
women who were also smokers. The risk associated
with a history of toxaemia of pregnancy was inde-
pendent of that associated with hypertension. Relative
risks for women who had had toxaemia of pregnancy
were further increased if these women also smoked
heavily.

BIAS

Recall bias did not apply to this study as all the
history of exposure was collected before the investi-
gated event. The diagnoses relating to each woman in
the study were those given by her general practitioner.
Inevitably the diagnostic criteria used for acute myo-
cardial infarction vary, and the nature of the oral
contraception study was such that no explicit criteria
for any condition were imposed on the participating
doctors. This would be important if doctors' know-
ledge of their patients' medical history was likely to
influence the diagnosis of myocardial infarction-for
instance, if a general practitioner made the diagnosis
more commonly in women with a history of hyper-
tension. If a sizable number of participating doctors
followed a similar diagnostic pattern the estimated
risks for that variable would be biased. In our dataset a
similar proportion of cases were admitted to hospital at
the time of their heart attack irrespective of their
medical history. This indirect measure of the influence
of medical history on the general practitioner's actions
argues against any systematic bias.

Details of daily cigarette consumption had not been
updated since the start of the study. Assuming that the
women in the cohort reflected national trends of

decreasing prevalence of smoking,' our observations
would underestimate the effect of smoking.

Approximately 63% of the recruited women were
lost to follow up in the main cohort study. This was
predominantly because patients left the area covered
by their recruiting doctor. This should not have been a
material source of bias as it was unlikely to be related to
subsequent myocardial infarction and the risk factors
of interest.

COMPARISON WITH OTHER STUDIES

Although smoking carries a relatively smaller
cardiovascular risk in women than men, possibly
because of different inhalation habits,7 it consistently
contributes the greatest excess risk.' Our estimates
of the relative risk of smoking were consistent with
those in other studies9" Higher risks among younger
smokers have been reported elsewhere."' We were
unable to confirm this, although there was a non-
significant doubling of risk in smokers aged under 50
compared with smokers aged 50 and over. The
higher relative risks found in smokers currently using
the pill have been reported by others.4 A finding
not previously reported, however, is the enhanced
risk estimate in women who smoke and have a history
of toxaemia of pregnancy. There was no evidence
in this study for a trend of increasing risk of myo-
cardial infarction with parity. This is consistent with
several other studies,'5'1 6 although evidence to the
contrary comes from mortality data', and some cohort
studies." 12

The association between hypertension and myo-
cardial infarction in women has been found in other
studies.' In contrast, Mann et al found an association
between toxaemia of pregnancy and myocardial infarc-
tion but no separate effect for hypertension.9 Toxaemia
of pregnancy and hypertension are related: hyper-
tensive women may develop toxaemia, while a quarter
of women who experience hypertension in pregnancy
may develop established hypertension within 10
vears.'5 In our study there was some relation between
the two diagnoses, but after adjusting each for the
effects of the other they seemed to be independently
associated with myocardial infarction. The physio-
logical changes that occur during toxaemia of preg-
nancy may have long term cardiovascular effects.'9
Alternatively, if hypertension was incompletely
ascertained among the women in the study, including
those who had had toxaemia, toxaemia could still have
influenced coronary risk primarily because it caused
established hypertension.
The influence of the menopause and postmeno-

pausal oestrogen therapy on coronary risk is still
controversial.202' Evidence suggests that the risk is
concentrated among women who have had an early
natural or surgical menopause, and the only clear
benefit of oestrogen replacement therapy is when it is
prescribed for these high risk patients. Our findings
were consistent with there being no increased risk
associated with either hormone replacement therapy or
having had a hysterectomy, but confidence intervals
were wide.

In the few studies that have explored the social
determinants of ischaemic heart disease in women no
clear trend of risk associated with social class has
emerged. Perhaps this is because the usual measure of
social class relates to the partner's occupation. Reports
on the effects of psychiatric illness are also sparse.
Although our risk estimates were not significant, there
was a trend of rising coronary risk across the minor and
major categories of psychiatric illness. An increase in
non-fatal myocardial infarction has been reported in
women who have a history of mental illness.22 In the
case-control study of Mann et al mental illness was
considered to be secondary to other factors,9 and in
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the Gothenberg study the only association was with
angina. Within our study 11 women had a historv of
psychotic illness before their heart attack. The interval
between these two events ranged from 19 to 181
months with a mean of 107 months. Possible reasons
for this association may include selection bias pro-
duced by certain characteristics of the patient, the long
term effects of psychotropic treatment, and the less
specific effect of "stress."

IMPLICATIONS

A recent report has shown that nearly 95% of
sexually active women under the age of 30 may have
used oral contraceptives at some time in their lives.
We have confirmed that current use of the pill among
smokers is associated with an increased risk of a
myocardial infarction, and there is a clear need for
women who are using the pill to be discouraged from
smoking. The incidence of ischaemic heart disease
in women accelerates after the menopause and
then becomes an important cause of morbidity and
mortality. If previous use of the pill carried even a
small residual relative risk this may have a serious
effect on the absolute number of women who have had
a heart attack. This is particularly important now
that so many women have taken the pill, and it is
reassuring, therefore, to find that previous use
is unlikely to carry a residual risk of myocardial
infarction. A small increase in risk would still,
however, be within the bounds of our estimate, and as
there is other case-control evidence that women who
have taken the pill for long periods may have some
residual risk of myocardial infarction2s further study
is needed.

Morbidity found to predispose a woman to a heart
attack included hypertension, toxaemia of pregnancy,
diabetes, and, possibly, psychiatric illness. With the
exception of established diabetes all have a fairly
high prevalence among women and so are potentially
important in terms of prevention. From the doctor's
viewpoint these diseases cannot be prevented, though
their effects can be modified. Patients with a history of
toxaemia should be informed that smoking greatly
increases their chance of a heart attack. The overall
incidence of myocardial infarction in women might
be reduced if the prevalence of these illnesses was
reduced.
We examined the estimated risks associated with

factors specific to women. Of these factors, only
toxaemia ofpregnancy carried a definite risk. Although
the sex difference in the incidence of coronary disease
remains to be explained, the nature of the risks
examined here is similar to that reported for men.6 In
particular, smoking is an important independent risk
factor for acute myocardial infarction and has a strong
influence on the risks associated with other factors.
The recent decline in the prevalence of smoking among
women has been slower than that among men, and
women tend to start smoking at a younger age and in
greater quantity.65 Smoking among women remains a
major public health concern.
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