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Risk of Stroke in Women
Exposed to Low-Dose Oral Contraceptives
A Critical Evaluation of the Evidence
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Background: Use of the oral contraceptive pill (OCP)
has been reported to be associated with stroke. With current OCPs containing less than 50 µg of ethinyl estradiol, and many earlier studies reporting the association
between OCPs and stroke, subjected to biases, we determined whether such an association exists and, if so, the
magnitude of the risk.
Methods: Two independent searches were conducted to
obtain relevant articles from MEDLINE, EMBASE, and Science Citation (1970 to June 2000). Eligible articles published in English describing OCP use and stroke outcomes were retrieved, and relevant data were abstracted.
Pooling of results from these studies was performed using
odds ratios (ORs) provided, and heterogeneity was calculated using 2 analysis.

the cohort studies demonstrated no increased stroke risk
with OCP use (0.95; 95% confidence interval [CI], 0.511.78; P=.01); the pooled OR from the case-control studies showed a significant association (2.13; 95% CI, 1.592.86; P⬍.001). The risk of stroke with OCP use, however,
was significant only with thrombotic stroke (2.74; 95%
CI, 2.24-3.35; P=.009) and not with hemorrhagic stroke
or stroke death. There was statistically significant heterogeneity among these studies, and potential biases and
confounders were not adequately addressed.
Conclusions: These results cast doubt on a true asso-

ciation between low-dose OCPs and stroke because of
the low absolute magnitude of the ORs, the severe methodological limitations, and the ORs of less than 1.0 in
the cohort studies. The association is tenuous at best and
perhaps nonexistent.

Results: From 779 potential articles, 36 eligible stud-

ies describing 20 distinct populations were retrieved (4
cohort and 16 case-control studies). The pooled OR from
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HE ORAL CONTRACEPTIVE

pill (OCP) was introduced
in the late 1950s, and it has
become the most popular
form of birth control
among women worldwide. The first report of a woman who had a stroke while
taking the OCP was published in 1961.1
Subsequently, several case-control studies2-4 performed in the late 1960s supported an association between OCP use
and stroke. However, these early studies
were profoundly flawed; the diagnosis of
stroke, which is inaccurate on clinical
grounds, was not confirmed with radiologic imaging, leading to a strong potential for bias and a misclassification of the
presence and absence of and the type of
stroke. For example, women with neurologic symptoms not due to stroke were
likely misdiagnosed as having stroke if objective testing was not performed. Furthermore, differentiating hemorrhagic
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from nonhemorrhagic stroke is difficult or
impossible without modern imaging techniques.
Important formulation changes have
also occurred, severely limiting the generalizibility of these early studies to women
using current OCPs, which contain much
lower doses of estrogen and, in some
cases, different formulations of progesterone.5-7 Current OCPs contain one third to
one fifth of the amount of ethinyl estradiol as early OCP preparations. It is
highly likely that lowering of the estrogenic dose has reduced the thrombogenicity of the OCP; the role of altering the
progestin component in causing thrombosis remains controversial.
A pooled analysis8 of 2 recent studies from the United States reported that the
low-dose (⬍50 µg of ethinyl estradiol)
OCP was not associated with stroke.
This conclusion contrasted with the
results of 2 recently published multina-
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DATA ABSTRACTION
779 Articles on Initial Search of MEDLINE,
EMBASE, Science Citation

40 Potentially Eligible Articles

Exposure to Oral Contraceptive
Pill Not Stated in Analysis
(n = 2)
Stroke Outcome Not Primary
in Analysis (n = 2)

36 Articles for Data Abstraction

20 Distinct Study Populations

Figure 1. Retrieval of eligible studies.

Abstraction of data was performed by 2 of us (S.G. and E.K.W.)
who were masked to authorship of the article, institution, journal of publication, and funding source. When differences were
found in data abstraction, they were reviewed again by the same
investigators, and any persistent differences were resolved
through consensus.
The type of stroke designation in each article was accepted.
For analysis, thrombotic stroke included thromboembolic and
ischemic strokes, whereas hemorrhagic stroke included strokes
considered to be caused by subarachnoid, intracranial, or intraparenchymal hemorrhage. Low-dose OCPs were defined as those
containing less than 50 µg of ethinyl estradiol. Second- and thirdgeneration OCPs were defined as pills containing less than 50
µg of ethinyl estradiol; the former contained norgestimate, norethindrone, levonorgestrel, or lynestrenol,9,10 and the latter contained either gestodene or desogestrel.9,10
STATISTICAL ANALYSIS

tional studies9,10 that showed an association between
low-dose OCPs and stroke. These divergent results have
led to a controversy that is amplified further by the
results of a recent meta-analysis11 that reported a statistically significant association between low-dose OCPs and
ischemic stroke.
Stroke is rare in young women; the baseline incidence of stroke in women younger than 35 years is estimated to be 6 to 20 per 100 000, and the incidence increases with age.12 Its long-term effect can be devastating,
and approximately one third of strokes are fatal.12 Most
OCP preparations now prescribed contain low-dose ethinyl estradiol.5 In addition, the indications for OCP administration have increased,6 and use of the OCP in older
women is expected to increase in frequency. These issues underline the importance of determining whether
an association exists between low-dose OCPs and stroke
and, if so, the magnitude of the risk.
METHODS
IDENTIFICATION OF STUDIES
Two of us (W.-S.C. and J.R.) conducted independent searches
of MEDLINE, EMBASE, and Science Citation for studies published between 1970 and June 2000. Potentially eligible articles were identified from MEDLINE using the following MeSH
headings: “cerebrovascular disease” or “cerebrovascular accident” or “stroke” or “cerebral infarction” and “oral contraceptive pill” or “birth control pill” or “oral contraceptives.” Search
terms used for EMBASE and Science Citation were “stroke” or
“cerebrovascular disease” and “birth control pills” or “oral contraceptives.” We included only articles that were published in
English and that reported use of estrogen-containing OCPs and
strokes as primary outcomes. We excluded case series and case
reports in which a comparative control group was absent.
We categorized potentially eligible studies according to their
design: cohort studies and case-control studies. No randomized controlled trials were identified. The retrieved studies were
then reviewed independently by 2 of us (W.-S.C. and J.R.) to
ensure eligibility, and when there were multiple publications
of the same population, only data from the most recent publication with the most relevant information were used for data
abstraction.
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Several analyses were performed. We combined the odds ratios (ORs) from studies using the technique of weighing the
studies by within-study variance, as described by Fleiss.13 Heterogeneity among studies was calculated using 2 analysis.13
When between-study variances are heterogeneous, the 95% confidence intervals (CIs) of calculated pooled ORs (using weights
based on within-study variability) may be inappropriately narrow. As such, we calculated a modified pooled OR that takes
into consideration within- and between-study variances (denoted as ORb) to derive a more conservative (wider) 95% CI.
Several subgroups were pooled and analyzed. First, all studies including all strokes were summarized. In addition, subgroup analyses according to study design (cohort vs casecontrol), stroke type (hemorrhagic stroke, thrombotic stroke,
and stroke death), and classification of patients with stroke according to status of OCP use (current and ever-users) and type
of OCP exposure (second- vs third-generation OCP). Differences among subgroups were calculated using the standard gaussian Z statistic.
To investigate the possible presence of publication bias, a
funnel plot of the sample size against the natural logarithm of
reported ORs was plotted.14 In addition, we examined whether
differences existed in the magnitude of the association between OCPs and stroke risk in studies with 250 or more cases
compared with studies with less than 250 cases of stroke.
RESULTS

On initial search, 779 potential articles were found; after initial screening, 40 studies9,10,15-52 were considered
to be potentially eligible (Figure 1). No additional studies from Science Citation or EMBASE or through review
of bibliographies of retrieved articles were identified, but
2 publications53,54 detailing the methods for 3 of these studies9,10,15 were retrieved.
Four potentially eligible studies were excluded because exposure to the OCP was not reported consistently (n=2)16,17 or the primary outcome was a composite of cardiovascular events that included stroke (n=2).18,19
Thus, a final list of 36 articles9,10,15,20-52 representing 20
distinct study populations was obtained. Data were abstracted from the most relevant and recent study of each
study population (Table 1).9,10,15,24-36
There were 4 cohort studies,20-23 16 case-control stud9,10,15,24-36
ies,
and no randomized controlled trials. The numWWW.ARCHINTERNMED.COM
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Table 1. Eligible Articles Used for Data Abstraction
Cohort Studies
Year(s) Study
Conducted

Source
NHS20
GHCPS21

1976-1984
1980-1982

OFPAS22
Hirvonen and
Idanpaan-Heikkila23

1968-1994
1975-1984

OCP Type
NS
39% taking ⬍50 µg
59% taking 50-80 µg
68% taking ⱕ50 µg
NS

Stroke Type

Cohort
Size, No.

Stroke
Cases, No.

Reported
RR (95% CI)

All
All

119 061
∼15 000

93
1

0.96 (0.74-1.25)
0.9 (0.1-6.4)

Thrombotic
Hemorrhagic

17 032
935 000

27
9

2.4 (1.1-5.1)
0.36 (0.18-0.90)

Case-Control Studies
Source

Year(s) Study
Conducted

OCP Type

Stroke Type

⬍50 µg
ⱖ50 µg
ⱖ50 µg, ⬍50 µg

Thrombotic
Thrombotic
Thrombotic

1969-1971

⬍50 µg
ⱖ50 µg
NS

CKP25

1991-1994

⬍50 µg

Schwartz et al26
RCGP27
Lidegaard28

1991-1995
1968-1990
1985-1989

Chang et al29

1978-1980

ⱕ50 µg
NS
75% taking ⱕ50 µg
2% taking ⬎100 µg
NS

Hemorrhagic
Hemorrhagic
Thrombotic
Hemorrhagic
Thrombotic
Hemorrhagic
All
All
All

Haapaniemi et al30
Thorogood et al31

NS
1986-1988

NS
NS

Inman32
Oleckno33
Jick et al34
Mettinger et al35
Carolei et al36

1976
1975-1983
1972
1973-1977
1984-1988

NS
NS
NS
NS
NS

WHO-119

1989-1993

TRG10

1993-1996

WHO-215

1989-1993

CGS24

All
All
Hemorrhagic
Thrombotic
Hemorrhagic
All
All
Thrombotic
Thrombotic

Controls, No.

Cases, No.

1952

697

H: 336
C: 439
2910

220
1068

H: 429
C: 451
774

430

470
759
329

169
253
178

H: 250
C: 646
126
135

323

109
349
56
297
76

109
12
14
32
143

290

140
135

Reported
OR (95% CI)
2.99 (1.65-5.40)
2.93 (2.15-4.00)
2.86 (2.02-4.04)
1.38 (0.84-2.25)
1.76 (1.34-2.30)
4.4 (2.8-6.9)
2.0 (1.3-3.2)
1.18 (0.54-2.59)
1.14 (0.60-2.16)
1.33 (0.71-2.49)
1.5 (1.1-2.0)
1.8 (1.1-2.9)
2.9 (1.6-5.4)
1.04 (0.66-1.67)
4.19 (1.74-10.11)
1.1 (0.6-1.9)
4.4 (0.8-24.4)
1.36 (0.64-2.92)
2.51 (0.73-8.61)*
25.7 (5.7-115.3)*
4.52 (2.11-9.67)*
1.3 (0.6-2.6)

Abbreviations: C, community-based controls; CGS, Collaborative Group for the Study of Stroke in Young Women; CI, confidence interval; CKP, California Kaiser
Permanente; GHCPS, Group Health Cooperative of Puget Sound; H, hospitalized controls; NHS, Nurses’ Health Study; NS, not stated; OCP, oral contraceptive pill;
OFPAS, Oxford Family Planning Association Study; OR, odds ratio; RCGP, Royal College of General Practitioners’ Oral Contraceptive Study; TRG, Transnational
Research Group on Oral Contraceptives and the Health of Young Women; WHO, World Health Organization; WHO-1, WHO Collaborative Study of Cardiovascular
Disease and Steroid Hormone Contraception (ischemic stroke); WHO-2, WHO Collaborative Study of Cardiovascular Disease and Steroid Hormone Contraception
(hemorrhagic stroke).
*The 95% CIs were calculated from these studies using the method of Wolff.

ber of cases (n=4213) and controls (n=10893) from the
16 case-control studies are displayed in Table 1. In the 4
cohort studies,20-23 there were 130 stroke outcomes from
a pooled cohort of more than a million women. These
studies were conducted predominantly in women 44 years
or younger.
Seven studies were conducted in North America,20,21,24-26,33,34 4 in the United Kingdom,22,27,31,32 5 in Europe,23,28,30,35,36 and 1 in Asia.29 Three studies9,10,15 involved participants from more than 1 country. These 20
studies spanned 3 decades. Sixteen studies* were published after 1980, and 8 of these studies9,10,15,25-28,36 were
published after 1990.
Study participants were only exposed to OCPs that
contained 50 µg or less of ethinyl estradiol in 8 stud*References 9, 10, 15, 20-23, 25-29, 31, 33, 35, 36.
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ies.9,10,15,21,22,25,26,28 In the remaining 12 studies,20,23,24,27,29-36
the type of OCP exposure was not explicitly stated.
Stroke outcomes were classified into thrombotic stroke,
hemorrhagic stroke, and stroke death (Table 1). Twelve
studies20,21,24-31,33,34 included thrombotic and hemorrhagic
strokes, 5 studies9,10,22,35,36 evaluated only thrombotic strokes,
and 3 studies15,23,32 evaluated only hemorrhagic strokes. In
addition, 3 studies21,23,31 evaluated stroke deaths.
There were many methodological issues of concern in these studies. In 14 studies,9,10,15,20,23-26,31-36 a combination of clinical and objective diagnostic testing was
used to define stroke cases; in 6 studies,21,22,27-30 the definition of stroke was not explicitly stated. The study investigator was masked to the status of OCP use when diagnosing strokes in only 4 studies.9,15,20,31 Stroke cases were
independently verified or adjudicated in only 8 studies9,10,15,24,25,27,29,36 by either an independent physician or
a committee.
WWW.ARCHINTERNMED.COM

©2004 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ on 07/27/2017

Table 2. Pooled Odds Ratios From Various Studies Using Different Criteria

Study Criteria

ORw (95% CI)

ORb (95% CI)

Heterogeneity,
P Value

9, 10, 15, 20-36

1.79 (1.62-1.97)

1.92 (1.44-2.57)

⬍.001

20-23
9, 10, 15, 24-36

0.96 (0.76-1.22)
2.02 (1.82-2.25)

0.95 (0.51-1.78)
2.13 (1.59-2.86)

.01
⬍.001

9, 10, 22, 24-28, 30, 31, 35, 36
15, 23-27, 31, 32
23, 31, 32

2.69 (2.33-3.11)
1.45 (1.23-1.71)
0.99 (0.70-1.38)

2.74 (2.24-3.35)
1.30 (0.99-1.71)
0.94 (0.51-1.74)

.009
.047
.06

9, 10, 15, 21-26, 28, 30-32, 34-36
20, 27, 29, 33
9, 10, 15, 23-28, 31
9, 10, 15, 25-28
9, 10, 15, 25-27
9, 10

2.10 (1.88-2.34)
1.16 (0.97-1.39)
1.89 (1.64-2.19)
1.93 (1.61-2.31)
2.43 (1.92-3.09)
2.87 (1.84-4.48)

1.99 (1.40-2.83)
1.21 (0.86-1.71)
1.77 (1.37-2.30)
1.79 (1.39-2.30)
2.35 (1.81-3.05)
2.87 (1.84-4.48)

⬍.001
.09
.002
.02
.19
.61

9, 15, 25, 26, 36
9, 15, 25, 26, 36
9, 10, 15, 24-27, 33
9, 10, 15, 22, 24-28, 34
9, 10, 15, 21, 22, 24-28, 32, 34
9, 10, 15, 24, 27

1.31 (1.00-1.72)
2.11 (1.13-3.96)
1.92 (1.58-2.34)
2.76 (2.30-3.32)
1.93 (1.69-2.20)
9.69 (7.14-13.17)

1.31 (1.00-1.72)
2.26 (1.62-3.14)
1.86 (1.46-2.37)
3.50 (2.17-5.64)
2.06 (1.46-2.92)
9.82 (6.97-13.84)

.52
.15
.007
⬍.001
⬍.001
.17

9, 10, 15, 21, 23-26, 32-34
20, 22, 27-29, 31

2.08 (1.83-2.37)
1.27 (1.09-1.49)

1.91 (1.21-3.02)
1.55 (1.06-2.27)

⬍.001
⬍.001

10, 24-28, 31, 32, 34, 35
9, 10, 15, 24, 28, 30, 34

1.71 (1.49-1.95)
2.36 (2.06-2.71)

1.79 (1.40-2.29)
2.85 (1.65-4.93)

⬍.001
⬍.001

Studies Pooled

All studies*
Study design
Cohort
Case-control
Stroke type
Thrombotic
Hemorrhagic
Death
Status of OCP use in stroke cases
Current user
Ever-user
ⱖ50 µg of ethinyl estradiol
⬍50 µg of ethinyl estradiol
Second generation
Third generation
Risk factors
Age ⬍35 y
Age ⱖ35 y
Nonsmoker
Smoker
Normotensive
Hypertensive
Status of OCP use in comparison
control group
Noncurrent user
Never-user
Source of control
Community
Hospitalized

Abbreviations: CI, confidence interval; OCP, oral contraceptive pill; ORb, calculated odds ratio accounting for the presence of between- and within-study
variability; ORw, calculated odds ratio accounting for within-study variability only.
*Using hospital controls and comparing with nonusers of the OCP.

Information on exposure to the OCP was obtained
mostly through direct patient interview or questionnaire* or through physicians’ records or prescriptions.21,23,27,31,32 The investigators were masked to the outcome status (ie, whether stroke occurred) when assessing
OCP exposure in only 2 studies.20,29
In 15 studies,9,10,15,24-34,36 cases and controls were
matched for age. In the cohort studies,20-23 age adjustments were made when calculating relative risks. Eleven
studies9,10,15,20,24-27,30-32 considered the confounding effects
of hypertension by adjusting or stratifying for hypertension in the analysis; 5 studies21,22,28,33,34 excluded participants with hypertension. Similarly, most studies either adjusted for20,22,25,27,30 or stratified for smoking in the analysis.†
The presence of concurrent diabetes mellitus was adjusted for in 4 studies9,10,25,26 and excluded from 5 studies.21,22,28,33,34 Body mass index was adjusted for in 8 studies.9,10,15,20,22,25,26,30 The presence of migraine was addressed
in 1 study.24
In 17 studies,‡ the authors presented the risk of stroke
in current users of OCPs. These studies, however, provided varying definitions of current OCP use: 1 month or
less,24,26,27,31 3 months or less,9,10,15,32 6 months or less,36 and
*References 9, 10, 15, 20, 22, 24-26, 28-30, 34-36.
†References 9, 10, 15, 24, 26, 28, 31, 33, 36.
‡References 9, 10, 15, 21-28, 30-32, 34-36.
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1 year or less.21,22 In 6 of these studies,23,25,28,30,34,35 the period for current use was not stated. Three studies20,27,29 presented data on “ever-users” of the OCP, encompassing current and noncurrent users. In the remaining study,33 the
status of use was not stated explicitly.
The stroke risk in OCP-exposed participants was compared with that in noncurrent users of the OCP in 12 studies 9 , 1 0 , 1 5 , 2 1 , 2 3 - 2 6 , 3 2 , 3 4 - 3 6 and never-users in 6 studies20,22,27,28,29,31 and was not clearly specified in 2 studies.30,33
ANALYSES
The overall pooled OR for the risk of stroke in women exposed to the OCP was 1.79 (95% CI, 1.62-1.97) (Table 2).
There was significant heterogeneity among the studies
(P⬍.001). Taking into account the between-study variability, the pooled OR, or ORb, was 1.92 (95% CI,
1.44-2.57). The pooled OR from the 4 cohort studies20-23
demonstrated no increase in the risk of stroke with OCP
exposure (ORb, 0.95; 95% CI, 0.51-1.78). The pooled ORb
of the 16 case-control studies,9,10,15,24-36 however, was statistically significant (ORb, 2.13; 95% CI, 1.59-2.86). The
pooled OR of the cohort studies was significantly different from that of the case-control studies (P=.03).
When pooling by stroke subtype, the ORb of thrombotic stroke associated with OCP exposure was 2.74 (95%
CI, 2.24-3.35), whereas the risk of hemorrhagic stroke
WWW.ARCHINTERNMED.COM
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PUBLICATION BIAS
We investigated the possibility of publication bias by use
of a funnel plot14 (Figure 2). The number of stroke cases
in each case-control study was plotted against the natural logarithm of the OR of stroke risk. Visually, it appears that the study points are symmetrically distributed in an “inverted funnel,” consistent with a lack of
publication bias. We further performed subgroup analysis of case-control studies with 250 or more cases compared with those with less than 250 cases. The ORs were
similar for both groups: 1.86 (95% CI, 1.39-2.50) and
2.50 (95% CI, 1.45-4.32), respectively (P=.35), again consistent with a lack of publication bias.
COMMENT

The results of this study cast doubt on a true association
between low-dose OCPs and stroke. In favor of an association is the consistency and the statistically significant
increase in the ORs of the case-control studies, the finding that thrombotic stroke risk is increased with OCP use,
and the increased risk of stroke in current users of the OCP.
However, the low absolute magnitude of the ORs; the severe methodological limitations, including the potential
for bias and control of confounders; the heterogeneity of
(REPRINTED) ARCH INTERN MED/ VOL 164, APR 12, 2004
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was 1.30 (95% CI, 0.99-1.71) (Table 2). The ORb of studies investigating the association of OCP exposure and
stroke death was 0.94 (95% CI, 0.51-1.74).
The association of OCPs and stroke was significant
in current users of the OCP only and not in ever-users
(Table 2). Analysis of study subgroups based on stated
levels of ethinyl estradiol exposure revealed that the ORs
were significant in women taking OCPs containing 50
µg or more and less than 50 µg of ethinyl estradiol. Analyses of studies by progestin type (second- or thirdgeneration OCP) showed significant association with
stroke for both types.
Women 35 years or older taking the OCP (ORb, 2.26;
95% CI, 1.62-3.14) seem to be at slightly increased risk
of stroke compared with women younger than 35 years
(ORb, 1.31; 95% CI, 1.00-1.72) (Table 2). Similarly, smokers (ORb, 3.50; 95% CI, 2.17-5.64) taking the OCP seem
to have an increased stroke risk compared with nonsmokers (ORb, 1.86; 95% CI, 1.46-2.37). The strongest
association, however, was found in women with hypertension (ORb, 9.82; 95% CI, 6.97-13.84) compared with
normotensive individuals (ORb, 2.06; 95% CI, 1.46-2.92).
When we examined the effect of stroke risk according to the definition of control groups—noncurrent users
or never-users—the magnitude of this association seemed
to be less significant if never-users were used as controls
compared with noncurrent users. Similarly, use of community controls seemed to decrease the strength of the association compared with use of hospitalized controls.
Significant heterogeneity (P⬍.05) was observed
when pooling these studies, whether by stroke type, study
type, status of OCP use, or risk factors (smoking or the
presence of hypertension) (Table 2). Heterogeneity, however, was not significant when studies were stratified by
age (⬍35 vs ⱖ35 years).

600

400

200

0
–1

0

3

Odds Ratio

Figure 2. Funnel plot exploring publication bias: number of stroke cases in
each case-control study (sample size) vs the natural logarithm of the odds
ratio of stroke risk.

the studies; and the ORs of less than 1.0 in the cohort studies and studies evaluating stroke deaths render the association tenuous at best and perhaps nonexistent.
There are important biases and confounders in the
case-control studies that may account for the observed
association between low-dose OCPs and stroke. For
example, in most studies, there was strong potential
for diagnostic suspicion bias. Only 6 case-control studies9,15,24-26,29 had independent adjudication and confirmation of stroke diagnosis, and in only 4 studies10,15,29,31
were investigators masked to a woman’s exposure to the
OCP when diagnosing stroke. This is likely to result in
an overestimate of OCP users, and it could skew the result toward an association between OCPs and stroke risk.
In addition, the definitions of current and noncurrent OCP
use were inconsistent. In some studies,24,26,27,31 patients
were defined as current users if they had taken the OCP
within 1 month; in other studies,21,22 it was within 1 year.
Therefore, study participants defined as noncurrent users in some studies could be considered current user in
others. This could result in a woman being classified as
an OCP “user” in one study and a “nonuser” in another.
Quantitatively, we further demonstrated that the
magnitude of association between OCPs and stroke in
this meta-analysis could be affected by 2 separate analyses: (1) selection of control groups (community vs hospitalized) and (2) status of OCP use in the control group
(never-users vs noncurrent users). When we compared
the risk of stroke in studies using community controls,
the pooled ORs were lower than those found in hospitalized controls. This difference might be a result of less
complete ascertainment of exposure to the OCP in hospital-based controls compared with community-based
controls. When we further analyzed the studies using noncurrent users for comparison (thereby including past users or never-users), the pooled OR of stroke was increased slightly over those studies in which never-users
were used (OR, 1.91; 95% CI, 1.21-3.02 vs OR, 1.55; 95%
CI, 1.06-2.27). Women who are never-users do not take
the OCP or may not have been prescribed the OCP beWWW.ARCHINTERNMED.COM
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1

cause of the presence of other risk factors, such as hypertension, smoking, diabetes mellitus, personal or family history of cardiovascular disease, and a perceived
increased baseline risk of stroke. Similarly, noncurrent
users may reflect a group of women with a lowered baseline risk of stroke having also been previously challenged with higher-dose OCPs and remained stroke free.
Given the point estimate suggesting a weak association between OCPs and stroke (OR, ⬍2.0) and the limitations discussed previously herein, the true relationship might be weaker than estimated or possibly
nonexistent between OCPs and stroke.
Further evidence that an association between
OCPs and stroke is in doubt is the negative finding from
pooling of the 4 cohort studies. Although limited by the
number of stroke cases, these 4 studies might be methodologically superior to the case-control studies and
hence might present a more valid assessment of stroke
risk.
There are limitations to this meta-analysis. Ideally,
meta-analyses should be performed using randomized
controlled trials. Many experts contend that metaanalytic techniques should not be applied to observational studies55 because the meta-analysis of randomized controlled trials is based on the assumption that each
individual trial provides an unbiased estimate of a treatment effect, with the variability among studies due to random variation.55,56 The variability among observational
studies may not be random but instead may be the result of inherent biases or confounders. Therefore, they
argue that meta-analysis of observational studies is liable to produce “spurious precision.”56 On the other hand,
other experts57,58 argue that systematic reviews of observational studies are still important, as a return to nonsystematic “summaries” of studies in the literature is more
likely to lead to biased conclusions.
In addition, study quality assessment has been advocated to be an important part of a meta-analysis. Much
of the literature published on quality assessment of studies, however, was performed on assessment of randomized controlled trials59; there is little on observational studies. For this study, we chose to include all eligible studies
in the analysis and to highlight important methodological deficiencies to enable the reader to assess the validity of our conclusion that the association of OCPs with
stroke is certainly in doubt.
With the widespread use of the OCP by millions of
women worldwide, the public health implications from a
substantial increase in stroke risk in women exposed to
OCPs would be important. Our data suggest that if an association does exist, it is likely to be small, in relative and
absolute terms, particularly in women younger than 35
years who do not smoke and are normotensive. When
counseling a woman younger than 35 years regarding the
risk of OCPs and stroke, the baseline incidence of ischemic stroke is estimated to be less than 10 per 100000 and
should initially be stated12; even if a 1.3-fold increase in
the risk of stroke is present, her absolute risk of ischemic
stroke is no more than 13 per 100000. On the other hand,
unwanted pregnancies, which can occur with less effective forms of birth control, can result in a significant maternal mortality rate of 9 per 100000 live births.60
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The risk of stroke associated with OCPs is likely to
increase in the presence of hypertension, smoking, and increasing age. Therefore, in women older than 35 years, the
OCP should probably be administered with great caution
in smokers with hypertension and only if the best efforts
are made to control blood pressure and stop smoking.
Based on the results of this study and assessment of
the quality of the published data, it cannot be concluded with certainty that there is an association between OCP use and stroke. If such an association exists,
it has probably been exaggerated, particularly in women
younger than 35 years who are normotensive and do not
smoke. Future studies exploring the relationship between OCPs and stroke should be performed that minimize biases and confounders and carefully address the
methodological limitations of previous studies.
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