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Abstract
Study objective—To assess age specific
incidence and mortality of stroke, acute
myocardial infarction (AMI), and idio-
pathic venous thromboembolism (VTE)
associated with use of modern low dose
combined oral contraceptives (OCs) and
the interaction with smoking.
Design—Hospital-based case-control
study.
Setting—Hospitals in Oxford region in the
United Kingdom, which covered a defined
population, during the period 1989–1993.
Methods—Relative risk estimates from
the WHO Collaborative Study and ob-
served incidence rates from the Oxford
region were used to estimate age specific
incidence of each disease among women
without cardiovascular risk factors and
model total cardiovascular incidence and
mortality.
Results—Among women who did not use
OCs, smoke nor had any other cardiovas-
cular risk factors, total incidence of stroke
and AMI were less than 2 events per
100 000 woman years in those aged 20–24
years and rose exponentially with age to 8
events per 100 000 among women aged
40–44 years. Incidence of idiopathic VTE
among women who did not use OCs rose
linearly with age (from 3.3 per 100 000 at
ages 20–24 years to 5.8 per 100 000 at ages
40–44 years). The increased risk of idio-
pathic VTE associated with OC use among
non-smokers constituted over 90% of all
cardiovascular events for women aged
20–24 years and more than 60% in those
aged 40–44 years. Fatal cardiovascular
events were dominated by haemorrhagic
stroke and AMI, and among OC users who
smoked these two diseases accounted for
80% of cardiovascular deaths among
women aged 20–24 years, rising to 97%
among those aged 40–44 years. Cardiovas-
cular mortality associated with smoking
was greater than that associated with OC
use at all ages. Attributable risk associated
with OC use was 1 death per 370 000 users
annually among women aged 20–24 years,
1 per 170 000 at ages 30–34 years, and 1 per
37 000 at ages 40–44 years. Among smok-
ers, the cardiovascular mortality attribut-
able to OC use was estimated to be about 1
per 100 000 users annually among women
aged less than 35 years, and about 1 per
10 000 users annually among those above
the age of 35 years.
Conclusion—The incidence of fatal
cardiovascular events among women aged

less than 35 years is low. The VTE risk
associated with OC use is the largest con-
tributor to OC induced adverse eVects.
The potentially avoidable excess VTE risk
associated with the newer progestogens
desogestrel and gestodene would account
for a substantial proportion of total
cardiovascular morbidity in this age
group. For women over age 35 years the
absolute risks associated with OC use and
smoking are greater because of the steeply
rising incidence of arterial diseases. The
combination of smoking and OC use
among such women is associated with
particularly increased risks. Any potential
reduction in AMI or stroke risk with use of
third generation OCs would be a more
important consideration among older
compared with younger women, particu-
larly if they smoke. However, the mortality
associated with smoking is far greater
than that associated with OC use (of any
type) at all ages.
(J Epidemiol Community Health 1998;52:775–785)

The WHO Collaborative Study of Cardiovas-
cular Disease and Steroid Hormone Contra-
ception has recently provided information on
the risks of idiopathic venous thromboembo-
lism (VTE),1 2 ischaemic and haemorrhagic
stroke (IS and HS),3 4 and acute myocardial
infarction (AMI)5 associated with use of
combined oral contraceptives (OCs) in se-
lected developing and European countries.
This paper estimates the age specific incidence
and mortality of first-time events of all four
diseases among women with no cardiovascular
risk factors and models the risks attributable to
OC use, smoking and the combination of the
two. The model is based on relative risk
estimates from the WHO Study and observed
disease incidence from the Oxford region in the
United Kingdom. It provides a framework to
assess OC associated cardiovascular risks in
populations with diVerent incidences and
patterns of risk factors. Similarly, the impact of
eVective screening of OC users for predispos-
ing factors on the incidence of non-fatal and
fatal cardiovascular events, and the impact of
potential diVerences between OC types on the
risks of VTE, stroke, and AMI are assessed.

Methods
GENERAL DESIGN

The WHO Study was a hospital-based case-
control study of VTE, IS, HS, and AMI events
among women of reproductive age conducted
in 21 centres in 17 countries between 1989 and
1993. Case accrual continued up to 1995 in
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some centres for AMI. Cases were women aged
20–44 years admitted to hospital with a first
time diagnosis of one of the study diseases. For
each case up to three controls matched by age,
hospital, and date of admission were identified
and interviewed while in hospital using identi-
cal procedures. Non-hospitalised or rapidly
fatal cases (those who died within 24 hours of
hospital admission) were not included, and
proxy respondents were used to provide infor-
mation on those cases unable to complete the
study questionnaire.6 Cases and controls with a
history of hysterectomy, menopause or any of
the study diseases, or who had been pregnant
in the previous six weeks, or had a recent
history (within six weeks) of surgery, trauma,
or prolonged bed rest were not eligible. Full
details of the study procedures and methods
have been published elsewhere.7

ESTIMATED INCIDENCE RATES

Cases in the Oxford region of the UK were
identified from all hospitals that admitted acute
cases and covered a defined geographical area
(former Oxford Regional Health Authority)
with known age and sex disaggregated popula-
tion size8 (average mid-year population size
over the period of case accrual included
494 000 women aged 20–44 years). It was the
only centre that participated in the study for
which the study base population could be
defined and thus provide estimates of disease
incidence rates. To estimate the age specific
VTE incidence among non-OC users we used
the overall age specific VTE incidence, risk
estimates according to OC type,2 and age spe-
cific prevalence and type of OC use among all
649 hospital controls matched to cases in the
Oxford region. In each age stratum, the total
(Itot) incidence rate and incidence in non-OC
users (I0) are related by

Itot = p0 I0 + p1 I1 + p2 I2

where p1 and p2 are the prevalence of use of the
two OC types, I1 and I2 the corresponding VTE
incidence rates in such users, and p0 = 1−p1−p2

the proportion of non-OC users. The VTE
incidence in users of each OC type is Ir = Rr I0

where Rr is risk relative to non-users, r = 1, 2.
Thus I0 = Itot/(p0 + p1 R1 + p2 R2) in each age
stratum. The age specific incidence rates
among non-OC users (I0) were smoothed by
fitting a linear trend.

A similar procedure was followed to estimate
age specific incidence of IS, HS, and AMI
among non-users without cardiovascular risk

factors, but considering patterns of smoking
and reported prevalence of other major risk
factors for arterial disease (hypertension,
diabetes mellitus, hyperlipidaemia) in addition
to OC use. As the majority of OC users in the
UK used low oestrogen dose preparations, and
there was little observed diVerence in risk for
these three diseases according to progestogen
type, the same risk ratios were assumed for all
OC users. Based on the results from the WHO
Study,3–5 risks among OC users who smoked
were assumed to be the product of risks associ-
ated with smoking and OC use separately.
Estimated age specific incidence rates among
women who did not use OCs nor smoke were
smoothed by fitting a weighted exponential
trend with weights inversely proportional to
variance. As the study was hospital-based and
excluded cases who were not hospitalised or
died within 24 hours of admission, incidence
rates were scaled up by a factor corresponding
to the estimated proportion of cases not
included. This factor was estimated from the
mortality rates and proportion of fatal cases
who died in the first 24 hours in the MONICA
study.9 10

MODELLING OC AND SMOKING ASSOCIATED

INCIDENCE OF TOTAL (NON-FATAL AND FATAL)
CARDIOVASCULAR EVENTS

Stroke and AMI risks among OC users and/or
smokers were based on estimated risks for low
oestrogen dose OCs, the most commonly used
type of OC worldwide. The VTE risk was
based on that for low dose levonorgestrel con-
taining OCs.2 Total age specific incidence of
non-fatal and fatal cardiovascular events were
computed using HS, IS, AMI, and VTE
incidence among non-OC users who did not
smoke, the relative risk estimates for smokers
and OC users, multiplicative risks for OC users
who smoked, and disease specific 28 day case
fatality rates (50%,9 30%,9 46%10 and 2%,11

respectively). Age standardised incidence rates
were based on the age distribution of women
aged 20–44 years,8 or the estimated age distri-
bution of OC users (using the observed age
specific OC prevalence among hospital con-
trols and female population size in the Oxford
region).

The impact of possible diVerences between
OCs containing levonorgestrel or a third
generation progestogen (desogestrel or
gestodene) with regard to stroke, AMI, and
VTE risk were assessed using the same model

Table 1 Average mid-year population in Oxford region, total number of hospital controls interviewed, and prevalence (%)
of reported arterial disease risk factors, smoking, and OC use by age group

Age group

Mid-year
population
(1000 women)

Total
hospital
controls

Hypertension,
diabetes or
hyperlipidaemia

No hypertension, diabetes or hyperlipidaemia

Non-smoker Smoker

Non-user OC user Non-user OC user

20–24 y 101.5 139 2.2 18.0 37.4 11.5 30.9
25–29 y 107.9 122 7.4 29.5 27.9 14.8 20.5
30–34 y 97.6 103 6.8 34.0 17.5 30.1 11.7
35–39 y 90.4 111 6.3 40.5 12.6 36.0 4.5
40–44 y 96.3 174 9.2 59.2 2.3 28.7 0.6
Total 493.7 649 6.5 37.6 18.8 23.9 13.3
Age standardised* 6.3 35.8 20.0 23.7 14.1

*Standardised on age distribution of women aged 20–44 years in Oxford region.
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with the same risk of HS, a range of risk
estimates for IS and AMI, and a twofold higher
VTE risk.

Results
PREVALENCE OF CARDIOVASCULAR RISK FACTORS

About 6% of women had a reported history of
the arterial disease risk factors hypertension,
diabetes and hyperlipidaemia, the prevalence
increasing with age (table 1). Among the
remainder, over one third of women smoked,
though the prevalence of smoking decreased
with age, as did the prevalence of OC use.
Among women in their 20s, OC use was
greater among smokers (65%) than non-
smokers (58%) with the converse among
women in their 30s (20% among smokers and
29% among non-smokers). The proportion of
OC users who used OCs containing des-
ogestrel or gestodene was approximately 34%
overall and dropped from 38% among women
aged 20–24 years to 21% among women aged
over 35 years. The low oestrogen dose
levonorgestrel containing OCs were the most
commonly used OC type (about 50% overall).

INCIDENCE OF TOTAL (NON-FATAL AND FATAL)
CARDIOVASCULAR EVENTS

Incidence of HS among all women rose with
age and was approximately five times more fre-
quent than IS at all ages (table 2). AMI
incidence rose more steeply with age than HS
or IS among all women as well as those who did
not use OCs, smoke nor had other cardiovas-
cular risk factors. For all three diseases, the rise
in incidence with age was approximately expo-
nential. Age specific incidence of VTE among
all women (users and non-users combined)
decreased with age as did the prevalence of OC
use (table 2 and figure 1). However the
incidence among non-users increased linearly
by approximately 1 event per 150 000 woman
years in each five year age group.

Total cardiovascular disease incidence
among women who did not use OCs, smoke
nor had other risk factors was modelled from
the smoothed age specific incidence rates
(table 3 and figure 2). It rose from 4.8 per
100 000 woman years at age 20–24 years to
13.5 per 100 000 woman years at ages 40–44
years. At all ages, VTE was the most common
cardiovascular event, representing two thirds of

total cardiovascular incidence among women
aged 20–24 years, but 44% among women
aged 40–44.

Among users of low oestrogen dose OCs,
VTE incidence was increased by a factor of 2.6
compared with non-users and represented,
among users who did not smoke, 81% of all
cardiovascular events for women aged 20–24
years (incidence 8.4 out of 10.3 per 100 000
woman years) falling to 75% (11.9 out of 16.0)
among women aged 30–34, and 54% (15.4 out
of 28.4) among women aged 40–44 years.
Overall, VTE represented 76% of all cardiovas-
cular events among OC users who did not
smoke (age standardised incidence 10.1 out of
13.3 per 100 000 women years). The OC
attributable cardiovascular events among non-
smokers were 5.53 per 100 000 users annually
at ages 20–24 years and rose to 14.9 per
100 000 users annually at ages 40–44 years.
Among non-smokers, 93% the OC attributable
cardiovascular events were a result of VTE at
ages 20–24 years and 64% at ages 40–44 years.

Among smokers who do not use OCs, the
incidence of VTE was unchanged but stroke
and AMI incidence were increased. The smok-
ing attributable cardiovascular events were
1.70 per 100 000 smokers annually at ages
20–24 years and rose to 24.6 per 100 000
smokers annually at ages 40–44 years.

Among low oestrogen dose OC users who
smoked, total cardiovascular incidence rose
from 12.6 per 100 000 women annually at ages
20–24 years to 92.4 per 100 000 women annu-
ally at ages 40–44 years. In women age 20–24
years the increase in risk compared with
non-users who did not smoke was primarily
because of an increase in VTE incidence, while
in older women the increased incidence of
stroke and AMI was the largest contributor.

INCIDENCE OF FATAL CARDIOVASCULAR EVENTS

Total incidence of fatal cardiovascular events
among non-smokers was low at all ages,
whether OC users or not (table 3 and figure 3).
HS and AMI represented 80%–90% of all
cardiovascular deaths in each five year age
group among non-users and 75%–90% among
low oestrogen dose OC users. Among smokers,
age specific cardiovascular death rates were
dominated by HS and AMI, and among OC
users who smoked these two diseases ac-
counted for 81% of cardiovascular deaths (HS

Table 2 Estimated incidence of first hospitalisation for cardiovascular disease (per 100 000 woman years) among all
women and women who did not use OCs, smoke nor had other risk factors for arterial disease*

Age group

Haemorrhagic stroke
(total 62 cases)

Ischaemic stroke
(total 16 cases)

Myocardial infarction
(total 51 cases)

Venous
thromboembolism
(total 160 cases)

All
women

Non-user
non-smoker

All
women

Non-user
non-smoker

All
women

Non-user
non-smoker

All
women Non-user

20–24 y 2.82 1.65 0.55 0.30 0.25 0.02 9.61 3.34
25–29 y 2.32 1.30 0.77 0.42 0.48 0.05 9.50 3.99
30–34 y 4.02 2.27 0.85 0.47 1.58 0.20 6.91 3.94
35–39 y 5.53 3.25 0.92 0.54 1.70 0.28 8.02 5.79
40–44 y 8.16 4.89 1.44 0.86 9.59 2.30 6.23 5.82
Age standardised† 4.49 2.62 0.90 0.51 2.65 0.56 8.10 4.53

*Incidence adjusted for estimated number of cases not included in the study (HS 30%, IS 10%, AMI 35%, VTE 0%) and estimated
assuming the following risk ratios: HS: arterial disease risk factor 5, smoking 2, OC use 1.2; IS: arterial disease risk factor 5, smok-
ing 2, OC use 1.3; AMI: arterial disease risk factor 5, smoking 10, OC use 3; VTE: levonorgestrel 2.6, third generation 5.4, other
OC 3.1. †Standardised on age distribution of women aged 20–44 years in Oxford region.
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1.53, AMI 0.19 out of 2.12 per 100 000
woman years) among women aged 20–24
years, 90% (HS 2.91, AMI 2.34 out of 5.88 per
100 000 woman-years) among women aged
30–34 years, and 97% (HS 5.56, AMI 29.4 out
of 35.9 per 100 000 woman years) among
those aged 40–44 years.

The risk attributable to use of low oestrogen
dose OCs (table 3) was about 0.48 deaths per
100 000 users (1 per 210 000 users) annually;
it was 1 per 370 000, 1 per 170 000, and 1 per
37 000 users annually among women aged
20–24, 30–34, and 40–44 years, respectively.
Compared with non-smoking non-OC users of
all ages the additional mortality attributable to
smoking was three to four times greater than
that attributable to OC use. Among smokers,
the mortality attributable to OC use was about
1 per 190 000, 1 per 45 000, and 1 per 5000
users annually among women aged 20–24,
30–34, and 40–44 years, respectively.

Among women aged less than 35 years who
did not smoke the age standardised incidence
of fatal events per 100 000 woman years was
1.0 among non-users and 1.4 among OC users.
Corresponding figures among smokers were
2.2 and 3.2 per 100 000 woman years. The
additional risk attributable to OC use was 1 per
270 000 non-smoking users and 1 per 98 000
users who smoked.

Among women aged over 35 years who did
not smoke the incidence of fatal events per
100 000 woman years was 2.5 among non-
users and 3.8 among OC users, and, for smok-
ers, 7.9 and 16.5, respectively. Additional risks
attributable to OC use were 1.4 per 100 000
non-smoking users, and 8.7 per 100 000 users
who smoked. The combination of smoking and
OC use resulted in an additional 14 deaths per
100 000 women annually.

Discussion
This simple model comparing total cardiovas-
cular incidence and mortality is based on
observed disease incidence rates in the Oxford
region and estimates of relative risk from the
WHO Collaborative Study. It is the first model
to specifically incorporate the eVects of age,
smoking and use of low oestrogen dose
combined OCs on all cardiovascular diseases
and is based on estimates of relative risk and
disease incidence rates from a study conducted
in the early 1990s. It shows that a full compari-
son of OC associated risks must consider age
specific incidence and mortality of all four dis-
eases (HS, IS, AMI, and VTE). Total incidence
of all fatal cardiovascular events associated with
OC use among young women without cardio-
vascular risk factors was low and the small risk
associated with OC use was substantially less
than the risk associated with smoking. The
combination of smoking and OC use, particu-
larly at older ages, was associated with a
substantial increase in risk—1 additional death
per 3000 woman years for OC users aged
40–44 years who smoke. Mortality was

Figure 1 Age specific prevalence of OC use and VTE incidence among all women and
non-OC users.
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Table 3 Modelled incidence of total and fatal cardiovascular events (per 100 000 woman years) for low oestrogen dose
OC users and smokers*

Age group

Non-smoker Smoker Attributable risk

Non-user

OC user Non-user OC user OC use Smoking

OC use
and
smokingHS IS AMI VTE Total

Total events
20–24 y 1.27 0.30 0.01 3.22 4.81 10.3 6.51 12.6 5.53 1.70 7.81
25–29 y 1.76 0.39 0.05 3.90 6.09 12.9 8.66 16.8 6.80 2.57 10.7
30–34 y 2.43 0.49 0.17 4.58 7.66 16.0 12.1 24.1 8.29 4.45 16.4
35–39 y 3.35 0.63 0.60 5.25 9.83 20.3 19.2 41.4 10.5 9.39 31.5
40–44 y 4.63 0.80 2.13 5.93 13.5 28.4 38.1 92.4 14.9 24.6 79.0
Age standardised†

Population 2.64 0.51 0.57 4.54 8.27 17.4 16.6 36.6 9.09 8.30 28.4
OC users 1.87 0.40 0.14 3.89 6.29 13.3 9.81 19.8 7.00 3.52 13.5

Fatal events
20–24 y 0.64 0.09 0.01 0.06 0.80 1.07 1.58 2.12 0.27 0.78 1.32
25–29 y 0.88 0.12 0.02 0.08 1.09 1.47 2.29 3.27 0.38 1.19 2.18
30–34 y 1.21 0.15 0.08 0.09 1.53 2.12 3.59 5.88 0.59 2.06 4.35
35–39 y 1.68 0.19 0.28 0.11 2.25 3.36 6.60 13.1 1.11 4.35 10.8
40–44 y 2.32 0.24 0.98 0.12 3.65 6.34 15.0 35.9 2.68 11.4 32.2
Age standardised†

Population 1.32 0.15 0.26 0.09 1.83 2.81 5.67 11.7 0.98 3.84 9.87
OC users 0.93 0.12 0.06 0.08 1.19 1.67 2.82 4.67 0.48 1.63 3.48

*Modelled assuming the following risk ratios: HS (haemorrhagic stroke): smoking 2, OC use 1.2; IS (ischaemic stroke): smoking 2,
OC use 1.3; AMI (acute myocardial infarction): smoking 10, OC use 3; VTE (venous thromboembolism): OC use 2.6. †Standard-
ised on age distribution of all women aged 20–44 years in Oxford region, or age distribution of OC users.
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strongly influenced by smoking and dominated
by arterial diseases (HS and AMI, in particu-
lar) the incidence of which rose exponentially
with age. However, among non-smokers or
younger women, OC associated mortality was
very low and the additional VTE events associ-
ated with OC use were comparatively frequent,
even though VTE case fatality is low and non-
fatal VTE events less debilitating than other
non-fatal, acute cardiovascular diseases.

The WHO Study indicated the importance
of screening for cardiovascular risk factors, in
particular detection of increased blood press-
ure, before OC use to minimise any OC associ-
ated risk. Among non-smoking women with no
other cardiovascular risk factors who reported
a blood pressure check before OC use, the
relative risk estimate for AMI was 1.1 (95%
confidence intervals 0.2, 5.7),5 compatible with
recent results from a case-control study
conducted among women participating in a
managed healthcare programme in California

that showed at most a small increase in risk.12

Similarly, IS risk was about 50% lower among
women who reported blood pressure checking
before OC use,3 and among such women risk
estimates were in accordance with results from
the same study in the USA of ischaemic and
haemorrhagic stroke risks associated with OC
use.13 Both studies showed little impact of OCs
on HS among younger women, but a doubling
in risk among women over age 35 years.4

Applying such risks in the model (HS risk 1.0
for women aged 20–34 years and 2.0 for those
aged > 35 years, AMI risk 1.1 and IS risk 1.2
at all ages) did not change the incidence of total
(non-fatal and fatal) cardiovascular events in
table 3 among non-users (smokers and/or non-
smokers) and had a small impact on incidence
rates among users who did or did not smoke
(age standardised incidence reduced from 19.8
to 17.1 and 13.3 to 13.0 per 100 000 woman
years among smokers and non-smokers, re-
spectively). However, the impact on fatal

Figure 2 Modelled incidence of first hospitalisation for cardiovascular disease (per 100 000 woman years) according to
OC use and smoking.
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events was greater. The age standardised mor-
tality in OC users was 1.5 per 100 000 woman
years among non-smokers and 3.4 per 100 000
woman years among smokers, corresponding
to attributable risks of 1 per 300 000 woman
years and 1 per 44 000 users annually, respec-
tively. Among non-smokers aged less than 35
years the risk of death attributable to OC use
was approximately 1 per 700 000 among users
who had been screened annually.

These OC attributable risks must be seen in
the context of other risks to which healthy
women of reproductive age are exposed. All
cause mortality rates in England and Wales in
1991 and 199214 15 were 31.1, 43.5, and 106.5
per 100 000 woman years in women at ages
15–24, 25–34, and 35–44 years, respectively.
Deaths attributable to external causes (acci-
dents, injuries, poisoning, suicide or homicide
(ICD 9th revision codes E800–E999)) are
more stable with age and average 13.1 per
100 000 woman years in the age range 15–44

years. Considering the substantial benefits of
using a reliable, reversible contraceptive
method, estimated OC attributable risks less
than 1 per 100 000 users annually (for
example, in non-smokers under age 35 years)
or about 2 per 100 000 users annually (for
example, in smokers under age 35 years)
appear trivial.

VALIDITY OF OBSERVED INCIDENCE RATES

Overall incidence rates were computed from
the relatively small numbers of cases identified
in the Oxford region, and may have been sub-
ject to considerable error. However, the
estimated disease incidence rates among all
women correspond closely with the reported
cardiovascular death rates in the Oxford region
during the period of the study.

Deaths from acute myocardial infarction
(ICD 9th revision code 410) were 1.0 and 2.7
per 100 000 women annually at ages 25–34
and 35–44 years, or 1.81 per 100 000 women

Figure 3 Modelled incidence of fatal first cardiovascular event (per 100 000 woman years) according to OC use and
smoking.
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annually at age 25–44 years.8 The correspond-
ing incidence of AMI (including fatal and non-
fatal events) in the WHO study (table 2) were
1.0 and 5.7 per 100 000 women annually at
ages 25–34 and 35–44 years, or 3.27 per
100 000 women annually at age 25–44 years.
The ratio of these rates (55%) is close to the
assumed 46% 28 day case fatality rate based on
results from the MONICA study.10

Similarly the stroke death rates (ICD 9th
revision codes 430–438) were 1.2 and 4.7 per
100 000 women annually at ages 25–34 and
35–44 years, or 2.87 per 100 000 women
annually at age 25–44 years in the Oxford
region.8 The corresponding stroke incidence
rates in the WHO study (haemorrhagic and
ischaemic stroke combined) (table 2) were
3.94 and 8.07 per 100 000 women annually at
ages 25–34 and 35–44 years, or 5.91 per
100 000 women annually at age 25–44 years.
The ratio of these rates (49%) is close to the
46% 28 day stroke case fatality rate computed
from the MONICA study9 assuming a ratio of
four haemorrhagic to one ischaemic stroke
case.

A total of four VTE deaths (ICD-9 codes
451–453) were recorded in women age 25–44
years in the Oxford region during period of the
study (0.24 per 100 000 woman years).8 This
compares with a total of 121 idiopathic VTE
cases (7.71 per 100 000 woman years) re-
corded in the study in this age group (table 2)
and the assumed 2% 28 day case fatality rate.11

It should be noted that the idiopathic cases
considered in the WHO study excluded any
events associated with pregnancy, recent sur-
gery or prolonged bed rest.

VALIDITY OF MODEL AND SENSITIVITY TO

ASSUMPTIONS

As the cardiovascular disease incidence and
death rates arose from a limited population
base, covering 2 million woman years of obser-
vation, it is important to consider other sources
of information that support the assumptions on
which the model is based.

The exponential rise in stroke and AMI inci-
dence with age have support from other
sources, including the recent study in the
USA,16 national mortality statistics,14 15 and the
MONICA project.9 10 Although these statistics
include all events, not just first events among
women free of arterial disease risk factors, the
age specific patterns of disease in the Oxford
region were similar.8 Thus the exponential
smoothing of risk estimates did not introduce
any substantial error. The overall VTE inci-
dence among non-users and users of second
and third generation OCs was close to that
reported in UK general practices17 and the age
specific rise in incidence was also reported by
Farmer and colleagues.18 These authors re-
ported an exponential increase with age but
included less well validated cases. Nevertheless
an exponential model fitted to the estimated
VTE incidence (fig 1) resulted in almost iden-
tical conclusions. Although the age specific
VTE incidence rates among all except preg-
nant and puerperal women in Denmark19 are
higher than those observed in the Oxford

region, the data reported here refer only to
idiopathic VTE and thus additionally exclude
women with recent surgery, trauma or pro-
longed bed rest.

An earlier study conducted in England and
Wales between 1986 and 198820 reported 21
ischaemic (“occlusive”) and 401 haemorrhagic
stroke deaths—a ratio of 1:20. In contrast, in
the WHO Study in the Oxford region the inci-
dence of IS was approximately one fifth that for
HS. This ratio included both fatal and
non-fatal events, and was approximately 1:8 for
fatal strokes when the assumed 28 day case
fatality rates for IS and HS were considered.9

These ratios were based on small numbers of
cases and were lower than the more commonly
reported 1:2 ratio of IS to HS among older
women21 or results from the recent case-control
study among reproductive age women in Cali-
fornia that reported similar numbers of IS and
HS cases and an overall stroke incidence of
11.3 per 100 000 woman years.13 A recent
population-based study of stroke among repro-
ductive age women in Washington State, USA22

reported average incidence rates of 4.3 and 6.4
per 100 000 woman years for ischaemic and
haemorrhagic stroke, respectively. While diVer-
ences in healthcare setting, prevalence and
treatment of cardiovascular disease risk factors,
and smoking rates may partially explain the
discrepancy with the Oxford region, arbitrarily
multiplying IS incidence at all ages by 5 (so
that total age standardised stroke incidence was
approximately 10 per 100 000 woman years)
did not change the main implications of the
model—OC associated cardiovascular mor-
tality was dominated by the risk of arterial dis-
eases, which are more important among older
women and those who smoke, and the excess

KEY POINTS

x Incidence of cardiovascular diseases
(idiopathic venous thromboembolism,
stroke, and acute myocardial infarction) is
very low among women of reproductive
age.

x Incidence of idiopathic venous throm-
boembolism rises less steeply with age
than acute myocardial infarction or
stroke.

x Mortality associated with combined oral
contraceptive use is low among women
aged less than 35 years, even if they
smoke.

x Among healthy women over 35 years, the
additional mortality associated with oral
contraceptive use is 1.4 per 100 000 users
per year, less than that associated with
smoking (5.4 per 100 000 smokers per
year) or the combination of the two (14
per 100 000 OC users who smoke per
year)

x Although idiopathic venous thromboem-
bolism causes less morbidity and mor-
tality than stroke or acute myocardial inf-
arction, it is the most common
cardiovascular side eVect of oral contra-
ceptive use among women in Europe
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VTE risk associated with OC use was the larg-
est contributor to the incidence of total cardio-
vascular events among non-smokers and smok-
ers aged less than 35 years.

The estimated incidence for VTE and IS
among non-users who did not smoke were
similar to those computed for a Canadian
population,23 though estimated AMI incidence
was lower than in the Canadian population,
particularly among younger women. However,
the method of estimation used for the WHO
data was based on fewer assumptions. The low
hospitalisation rates for all four cardiovascular
diseases observed in the WHO Study may
partly reflect the specificity of the diagnostic
criteria, the fact that only first events were con-
sidered, and the exclusion of women with con-
ditions predisposing to VTE, such as recent
surgery, trauma, prolonged bed rest or preg-
nancy. The AMI incidence rates among women
in the Oxford region were closer to those
observed in the managed healthcare pro-
gramme in California16 though they rose less
steeply with age.

The prevalence and patterns of OC use and
smoking were estimated from hospital controls
rather than the general population and may not
reflect the true rates in the UK or Oxford
region. However, national rates of OC use24

among young women—36% at ages 25–34
years and 12% at ages 35–44 years—were
similar to those reported here (39% and 10%,
respectively), but, as expected, national rates of
smoking24 were slightly lower—33% and 28%
in the two age groups, respectively, compared
with 38% and 35%, respectively, observed
among the hospital controls. The proportion of
OC users who smoked may also have been
overestimated in the hospital controls than in
the general population, though the estimates of
stroke and AMI incidence rates among non
OC users who did not smoke nor had other risk
factors for cardiovascular disease were little
changed when slightly diVerent patterns of
smoking and OC use were assumed.

The magnitude of the risk ratios assumed for
diVerent OC preparations may also diVer from
the true values, but there has been confirma-
tion of the WHO results on VTE from
independent sources17 18 25 26 and risk estimates
assumed for IS, HS, and AMI are compatible
with earlier reports.27 As the prevalence of
diagnosed major arterial disease risk factors
other than smoking (hypertension, diabetes,
and hyperlipidaemia) was low at all ages, the
estimation of incidence rates for IS, HS, and
AMI among non-users without cardiovascular
risk factors was little influenced by diVerent
assumptions on the magnitude of the stroke
and AMI risks associated with these condi-
tions.

DiVerences between the true and assumed
case fatality rates for each disease would have a
large impact on the model, in particular for the
incidence of all fatal cardiovascular events as
well as the estimation of incidence rates among
non-users without cardiovascular risk factors.
The VTE case fatality rate (2%) was taken
from an early review11 and there are few more
recent data, though Jick et al17 observed six fatal

and 80 non-fatal hospitalised VTE cases in two
similar cohorts of OC users. Any increase in
VTE case fatality would not aVect estimates of
incidence of total cardiovascular events, but
would make a greater contribution to the esti-
mated incidence of fatal cardiovascular events,
particularly among OC users. The case fatality
rates for stroke and AMI are based on estimates
from the MONICA study9 10 for women aged
up to 65, and may overestimate the rates
among women under age 45 years. Moreover,
case fatality rates for AMI are strongly
influenced by the intervention rate and the
rapidity of transfer to a specialist unit,28 and the
46% 30 day case fatality rate assumed here may
be too high for reproductive aged women in the
Oxford region during the period of the study.
The estimated number of cases missed from
the study was based on the same sources, con-
sidering the proportion of fatal cases who died
within the first 24 hours of the event. Few bet-
ter sources of such information have been
found. If only one third of AMI cases are not
hospitalised or die within the first 24 hours of
admission then the AMI incidence rates may
have been overestimated by 30–40% and the
impact of AMI on OC associated mortality
may have been exaggerated. However, the con-
clusions of the model would not be substan-
tially diVerent as these are dominated by the
steep rise in AMI incidence with age and the
major adverse eVect of smoking. Similarly, it
may be hypothesised that case fatality rates for
cardiovascular disease diVer according to the
presence of risk factors or whether the patient
smoked or used OCs, but we have found no
data to quantify such diVerences. A recent
report from the Auckland community-based
register has shown that although in-hospital
case fatality rates for smokers and non-smokers
diVer, the total case fatality rates are similar.29

The model assumed that stroke and AMI
risks for women who used OCs and smoked
was the product of the risks for smoking and
OC use separately. Such a multiplicative model
was based on the results from the WHO
Study3–5 that showed more than additive effects
of these factors and reasonable agreement with
such a multiplicative model. The study was the
largest and most recent to quantify risks
associated with OC use and other risk factors,
and the results are compatible with those from
previous studies. If we had assumed additive
risks, the estimated incidence rates among
non-OC users who did not smoke nor have
other risk factors would have been little diVer-
ent from those used in the model, but the large
adverse impact of smoking and OC use would
have been less. However, the main conclusions
of the model would have been little changed
because they are dominated by the very diVer-
ent patterns of venous and arterial diseases
according to age and cardiovascular risk
factors.

The model only considers the cardiovascular
risks associated with OC use and does not
incorporate risks of other potential adverse
eVects, such as on breast or cervical cancer, nor
beneficial eVects, such on as ovarian and
endometrial cancer. While the model includes
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the number of cardiovascular deaths expected
among groups of women according to smoking
status and OC use, it does not attempt to weigh
the comparative severity of non-fatal cardiovas-
cular events. Such features could easily be
incorporated into the model, but no data have
been found to estimate the rates of severe dis-
ability among women who have suVered a
stroke, AMI or VTE. However, the severe dis-
ability rates after stroke or AMI are much
higher than for VTE. This pattern is similar to
the relative death rates for the diVerent diseases
assumed in the model. Thus conclusions based
on a model that included disability in addition
to mortality would be similar to those based on
the mortality component of the model consid-
ered here, but would not reflect the relative
severity of disability caused by the diVerent
diseases.

RISKS IN OTHER POPULATIONS AND ACCORDING

TO OC TYPE

The simple model presented here can be
extended to populations with diVerent patterns
of cardiovascular disease and risk factors.30 For
example, women with activated protein C
(APC) resistance are at eightfold higher risk of
VTE than others.31 Prevalence of Leiden factor
V mutation is approximately 5% in the UK and
other European countries, and almost absent
among non-white populations.32 33 Assuming
OC use is independent of carrier status and
VTE risks associated OC use and carrier status
are multiplicative,25 31 34 the estimated VTE
incidence in a population with no APC
resistance is 26% lower in all women, including
OC users and non-users. As the contribution of
VTE to total mortality is very small, patterns of
cardiovascular deaths would be little diVerent
in a population with no APC resistance. How-
ever, the lower VTE incidence is of greater
importance when considering incidence of all
(non-fatal and fatal) cardiovascular events,
particularly among younger women and those
who do not smoke.

The model also provides a framework for
assessing the impact of possible diVerences in
risk according to type of OC on total and fatal
cardiovascular events. Five epidemiological
studies2 17 18 25 26 have shown that third genera-
tion OCs are associated with a twofold higher
VTE risk than low oestrogen dose levonorg-
estrel containing products, and a potential bio-
logical mechanism has been identified.35 Re-
sults from the Transnational study conducted
in five European countries suggested a lower
AMI risk among users of such products but
this was not seen in the UK, which contributed
five of the seven exposed cases.36 The finding
has yet to be independently replicated, but if
true, suggests that there might also be a lower
risk of IS. This can be modelled by considering
two extreme assumptions—third generation
OCs carry no increased risk of IS or AMI com-
pared with non-users (3 Gen-Low) or the same
IS and AMI risk as the levonorgestrel products
(3 Gen-High) (table 4 and fig 4). Among non-
smokers, the incidence of total (non-fatal and
fatal) cardiovascular events among users of
third generation OCs is higher than for
levonorgestrel OCs at all ages, but the range of
death rates for third generation products
includes the estimated rate for levonorgestrel
OCs from age 35 years onwards. However, the
age standardised death rates are very similar
(1.7–1.9 per 100 000 woman years). Among
smokers, third generation OCs might confer an
advantage from around age 35 years for total
cardiovascular events or from around age 25
years for fatal events. Among OC users who
smoke the diVerence in mortality according to
OC type is at most 1 per 100 000 woman years
among all users, and 1 per 250 000 woman
years among those aged less than 35 years. At
all ages cardiovascular mortality among smok-
ers is higher than that among OC users, even
under the most extreme assumptions regarding
patterns of risk according to OC type.

These findings that the excess VTE deaths
associated with use of third generation OCs

Table 4 Modelled incidence of total and fatal cardiovascular events (per 100 000 woman years) for diVerent types of OC
user

Age group

Non-smoker Smoker

Non-user Levonorgestrel

Third generation

Non-user Levonorgestrel

Third generation

Low High Low High

Total events
20–24 y 4.81 10.3 19.2 19.4 6.51 12.6 21.2 21.6
25–29 y 6.09 12.9 23.6 23.8 8.66 16.8 26.5 27.7
30–34 y 7.66 16.0 28.3 28.8 12.1 24.1 33.2 36.9
35–39 y 9.83 20.3 33.6 35.0 19.2 41.4 43.7 56.1
40–44 y 13.5 28.4 40.5 45.0 38.1 92.4 66.0 109.0
Age standardised†

Population 8.27 17.4 28.8 30.1 16.6 36.6 37.6 49.3
OC users 6.29 13.3 23.8 24.2 9.81 19.8 27.7 30.7

Fatal events
20–24 y 0.80 1.07 1.21 1.25 1.58 2.12 2.12 2.30
25–29 y 1.09 1.47 1.61 1.69 2.29 3.27 2.98 3.49
30–34 y 1.53 2.12 2.18 2.38 3.59 5.88 4.48 6.13
35–39 y 2.25 3.36 3.04 3.65 6.60 13.1 7.73 13.4
40–44 y 3.65 6.34 4.64 6.67 15.0 35.9 16.5 36.2
Age standardised†

Population 1.83 2.81 2.49 3.07 5.67 11.7 6.60 12.0
OC users 1.19 1.67 1.72 1.89 2.82 4.67 3.54 4.89

*Modelled assuming the following risk ratios: HS: smoking 2, Levonorgestrel 1.2, 3Gen-low 1.2, 3Gen-high 1.2; IS: smoking 2,
Levonorgestrel 1.3, 3Gen-low 1.0, 3Gen-high 1.3; AMI: smoking 10, Levonorgestrel 3.0, 3Gen-low 1.0, 3Gen-high 3.0; VTE: Lev-
onorgestrel 2.6, 3Gen-low 5.4, 3Gen-high 5.4. †Standardised on age distribution of women aged 20–44 years in Oxford region, or
age distribution of OC users.
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might be oVset by a lower incidence of fatal
AMIs are similar to those reached for groups of
OC users from Canada37 and USA,38 though
neither of these reports explicitly modelled the
impact of smoking. Our model demonstrates
the importance of considering age of the user
and her smoking status when attempting to
balance any potential trade oV between an
excess VTE and lower IS and AMI risk.

CONCLUSION

The data and model presented here show that
cardiovascular mortality associated with OC
use among apparently healthy women less than
35 years old who do not smoke is very low and
in the order of 1 death per 250 000 users
annually. The data from the WHO Study also
indicate that if such women are screened for
cardiovascular risk factors, OC associated
mortality may be less than half this rate. Risks
associated with smoking, even among non-OC
users, are substantially greater. However, many
young women smoke and have a need for a

simple, reliable, and reversible contraceptive
method—the mortality attributable to OC use
among women less than 35 years who smoke is
estimated to be about 1 per 100 000 users
annually. Among women above the age of 35
years who smoke and use OCs, the additional
risk of death is much higher (about 1 per 7000
users who smoke annually).

The adverse impact of OCs on VTE risk has
little influence on mortality, but constitutes a
substantial portion of OC associated cardiovas-
cular events, in particular among women less
than 35 years of age, even with the low oestro-
gen dose levonorgestrel OCs that carry less
VTE risk than the third generation products.
These data reinforce the importance of provid-
ing adequate information to current and
prospective OC users about OC associated
cardiovascular risks and their interaction with
smoking and other cardiovascular risk factors.
Together with the results from the WHO
Study, they underline the benefit of screening
for risk factors, particularly among older

Figure 4 Modelled incidence of total and fatal cardiovascular event (per 100 000 woman years) by type of OC user.
Shaded area represents range of plausible values for third generation products.
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women, to minimise adverse cardiovascular
eVects of OC use.

The avoidable excess VTE risk with third
generation OCs accounts for a substantial pro-
portion of total cardiovascular events, though
this must be weighed against the substantially
lower morbidity associated with non-fatal VTE
compared with stroke or AMI. For women over
35 years, among whom the burden of arterial
diseases is higher, any diVerence in AMI risk
between products would be a more important
consideration, particularly among smokers.
OC users who smoke might consider that any
potential reduction in AMI risk associated with
the new products balances the reported excess
VTE risk, though users who are worried about
cardiovascular side eVects would be better
advised to stop smoking or switch to a different
contraceptive method. Choice between OC
brands should not only be made on what are at
most very small diVerences in cardiovascular
mortality but must also consider other factors,
including diVerences in non-fatal cardiovas-
cular events and personal preferences.

The widespread use of OCs by young
healthy women for protection against preg-
nancy means that the threshold at which side
eVects will be considered acceptable is low and
the public perception of risks often exagger-
ated. Nevertheless, the choice should be made
with the knowledge of the reported risks and
benefits of diVerent contraceptive methods.

The data used in this report draw on those collected under the
supervision of Professor Martin Vessey in the Oxford region,
UK, as part of the WHO Collaborative Study of Cardiovascular
Disease and Steroid Hormone Contraception. We thank
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