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Measurements: Details about oral contraceptive use and other risk factors for stroke were obtained through in-person interviews.

Results: The estimated incidences of hemorrhagic stroke and ischemic stroke were 6.4 and 4.3 per 100 000 women-years,
respectively. Compared with women who had never used oral contraceptives (after adjustment for risk factors for stroke), current
users of low-dose oral contraceptives had estimated odds ratios of 0.93 (95% ClI, 0.37 to 2.31) for hemorrhagic stroke and 0.89
(Cl, 0.27 to 2.94) for ischemic stroke. Compared with past users of oral contraceptives, current users had odds ratios of 1.41 (Cl,
0.67 to 2.96) for hemorrhagic stroke and 1.37 (Cl, 0.49 to 3.81) for ischemic stroke. For past users compared with never users, the
odds ratios were 0.59 (Cl, 0.30 to 1.18) for hemorrhagic stroke and 0.57 (Cl, 0.25 to 1.32) for ischemic stroke. The odds ratio for
hemorrhagic stroke in current users of low-dose oral contraceptives containing norgestrel or levonorgestrel was elevated (3.23 [CI,
1.24 to 8.41]). Among patients with hemorrhagic stroke, the odds ratio for aneurysmal bleeding associated with current use of low-
dose oral contraceptives containing norgestrel or levonorgestrel was 4.46 (Cl, 1.58 to 12.53).

Conclusions: The overall risk for stroke and type of stroke was not increased among current users of low-dose oral
contraceptives in the study population. Larger studies are needed to clarify both the relation of risk for stroke to past use of oral
contraceptives and the possible association between current use of norgestrel-containing oral contraceptives and hemorrhagic
stroke.

Epidemiologic studies conducted in the 1960s and 1970s [1-4] showed an increased risk for stroke as well as myocardial infarction
and venoocclusive disease in women who used oral contraceptives containing more than 50 ug of ethinyl estradiol. These reports
spurred the development of oral contraceptive pills containing less than 50 ug of ethinyl estradiol. Initial studies of cerebrovascular
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risk in users of low-dose oral contraceptives produced conflicting results: Some investigators found increased risks [5, 6], and
others found no increased risk [7]. In addition, few data are available on whether the risk for stroke associated with use of low-
dose oral contraceptives is influenced by the type of progestin present in these medications. In the United States, most currently
available low-dose oral contraceptives contain either norethindrone-type progestins (norethindrone, norethindrone acetate,
ethynodiol diacetate, or norethynodrel) or norgestrel-type progestins (norgestrel or levonorgestrel). It has been proposed that the
levonorgestrel component of oral contraceptives may offset the cardiovascular benefits that arise from the use of low doses of
estrogen [8, 9], but little empirical research has addressed this hypothesis.

A recent study [10] conducted among the members of the Northern and Southern California Kaiser Permanente medical care
programs reported that the use of low-dose oral contraceptives available in the United States was not associated with an
increased risk for either hemorrhagic or ischemic stroke, regardless of progestin type. In that study, past users of oral
contraceptives were at reduced risk for ischemic stroke but not hemorrhagic stroke; this finding was consistent with findings from
an earlier study of cerebral thromboembolic attack [5] but differed from those in a previous study of subarachnoid hemorrhage [7].
To provide information on the occurrence of stroke among oral contraceptive users in a U.S. community, we report the results of a
population-based case—control study done in a defined geographic region of western Washington State.

Methods

The source population for our study was women 18 to 44 years of age residing in King, Pierce, or A Illc:el:hods

Snohomish counties, Washington, between 1 July 1991 and 28 February 1995. This represented + Results
approximately 2.2 million women-years at risk, according to population estimates provided by the + Discussion

State of Washington Office of Financial Management. + Author & Article Info

w References
Definition and Ascertainment of Case-Patients and Controls

Eligible case-patients were women in the source population with a first diagnosis of fatal or nonfatal stroke and without a history of
major coronary heart disease, such as myocardial infarction, angina, or congestive heart failure. We identified potential case-
patients through regular review and abstraction of 1) medical records containing cerebrovascular disease discharge diagnoses at
all 34 acute care hospitals within the study region and 2) death certificates filed at county health departments. These sources were
supplemented with monthly letters sent to all neurologists, neurosurgeons, and physiatrists in the region.

We defined stroke as the new, rapid onset of symptoms and signs consistent with loss of cerebral function that lasted at least 24
hours and could not be ascribed to subdural hematoma; brain tumor; infection; seizure; or other neurologic disease, such as
multiple sclerosis. A neurologist reviewed the records to confirm the diagnosis of stroke and to classify confirmed strokes as either
arterial or venous in origin. Arterial strokes were further classified as hemorrhages, ischemic events, or "other" [a category that
included arterial dissections]. Aneurysmal bleeding was defined as a hemorrhagic stroke in which the diagnostic workup or
autopsy showed 1) blood in the subarachnoid space with or without a demonstrated aneurysm and no evidence of arteriovenous
malformation or 2) an aneurysm with blood in other locations, such as the parenchyma or ventricles, and no evidence of
arteriovenous malformation.

Eligible controls were women 18 to 44 years of age who were residents of King, Pierce, or Snohomish counties during the case-
diagnosis period and had no history of major coronary or cerebrovascular disease. We identified a sample of these women by
using random-digit dialing [11].

Data Collection

Participating case-patients and controls were interviewed in person by trained female interviewers who used a structured
questionnaire that elicited information about cardiovascular risk factors. We used the reproductive calendar method and color
photographs of all oral contraceptive pills marketed in the United States to help women recall dates and specific brands of oral
contraceptives used. All interview questions elicited information about the time period before each participant's reference date,
which was the date of stroke for a case-patient and a date assigned at random from among the potential stroke occurrence dates
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for a control. We also sought in-person interviews with proxy respondents for case-patients who had died or were mentally
impaired. To evaluate the quality of information received from proxy respondents, we did in-person interviews with proxy
respondents for case-patients who had not died and who were not mentally impaired and for a random one third of controls [12].
The interviews with proxy respondents contained the same questions asked of the case-patients and controls. Proxy respondents
and participants were not interviewed in each other's presence.

Statistical Analysis

A woman was considered to be a current user of oral contraceptives if she or her proxy reported that she had been taking these
pills within a month of her reference date. She was considered to be a past user if she had used oral contraceptives but was not
using them at that time. The remaining women were classified as having never used oral contraceptives. We classified current
users of oral contraceptives according to whether the pill was a low-dose (<50 ug of ethinyl estradiol) or a high-dose (50 ug of
ethinyl estradiol) formulation. No women reported current use of pills containing more than 50 ug of ethinyl estradiol.

We used unconditional logistic regression models to compute estimated odds ratios and 95% Cls [13]. We excluded from all
analyses women who were pregnant at the reference date (5 case-patients, 14 controls) and women for whom information on use
of oral contraceptives was missing (6 case-patients, 24 controls). Thus, 173 case-patients and 485 controls were included in the
analysis. Of the case-patients, 102 were classified as having had hemorrhagic stroke, 60 were classified as having had ischemic
stroke, and 11 were classified as having had other types of stroke. Sixty-nine of the hemorrhagic strokes were classified as cases
of aneurysmal bleeding.

In all analyses, we examined the potential confounding effect of known or suspected cerebrovascular risk factors. We initially
adjusted all odds ratios for age (in years), race, treated hypertension, and cigarette smoking; we then examined whether further
adjustment for other characteristics changed the estimates of association. We also conducted subanalyses in which case-patients
who did not have residential telephones were excluded. To determine whether the risk for total stroke associated with oral
contraceptive use varied according to other cardiovascular risk factors, we estimated odds ratios separately by age, cigarette
smoking status, obesity (body mass index > 27.3 kg/m? or <27.3 kg/m?), and among women not receiving treatment for
hypertension.

Results
) a Top
Case-Patients and Controls 4 Methods
= Results
We identified 249 women who met the eligibility criteria for stroke: One hundred forty-one were v Discussion
classified as having had hemorrhagic stroke, 95 as having had ischemic stroke, 10 as having had M Q:}:gni:;"'c'e Info
-

arterial dissection, and 3 as having had venous stroke. The results of computed tomography,
magnetic resonance imaging, or both were available for 92% of patients with stroke diagnoses. Ninety-one of the 141 patients with
hemorrhagic strokes were further classified as having had strokes as a result of aneurysms. Of the 198 patients who were alive
and not mentally impaired as a result of their strokes, 149 (75.3%) participated in the study. Most nonparticipation was due to
patient refusal (n = 30) or inability to locate the patient (n = 13). For the 51 eligible patients with stroke who died or were mentally
impaired as a result of the stroke, we attempted to identify and recruit proxy respondents.

Through random-digit dialing, we completed a household census for 94.9% of the residences contacted. Among the eligible
women identified, we attempted to recruit 691 who were similar in age to the patients with stroke. Six of the potential controls were
excluded because of a history of major coronary heart disease or stroke, and one was excluded because she was unable to
communicate in English. Of the remaining 684 women, 526 were recruited into the study, for an estimated overall response rate of
73.0% (526 + 684 x 0.949).

Proxy Respondents

We recruited proxy respondents for 34 of the 51 patients with stroke who had died or were mentally impaired, 106 of the 149
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patients with stroke who had not died and were not mentally impaired, and 160 of the 273 controls whom we had selected at
random. Approximately 80% of the proxy respondents for both case-patients and controls were spouses or sexual partners (54.3%
of proxy respondents for case-patients; 64.4% of proxy respondents for controls), mothers (15.7% of proxy respondents for case-
patients; 10.0% of proxy respondents for controls), or roommates or close friends (10.7% of proxy respondents for case-patients;
8.1% of proxy respondents for controls) of the participants.

Because data for approximately 18% of the case-patients were obtained through proxy respondents, we used proxy respondent
data rather than control respondent data for 93 of the controls selected. The distribution of proxy types (spouse or sexual partner
versus another person) for these 93 controls was similar to the distribution of proxy types for the 34 deceased or mentally impaired
case-patients. On the basis of data for the 79 case-patients and 120 controls for whom we had conducted interviews with both the
participant and her proxy respondent, the sensitivity and specificity of proxy reporting of current use of oral contraceptives among
case-patients were 90.9% and 100%, respectively. The corresponding figures for controls were 100% and 99.0%, respectively.
There were too few current users to allow us to examine the sensitivity and specificity of proxy reporting specifically for oral
contraceptives containing norgestrel-type and norethindrone-type progestin. Past use of oral contraceptives was underestimated
by proxy respondents, but the underestimation was similar for case-patients and controls. Sensitivity and specificity were 67.9%
and 100%, respectively, for case-patients and 76.7% and 92.3%, respectively, for controls.

Incidence of Stroke

The incidence of total stroke among 18- to 44-year-old women in our population was 11.3 per 100 000 women-years, and the rate
of hemorrhagic stroke was higher than the rate of ischemic stroke (6.4 per 100 000 women-years compared with 4.3 per 100 000
women-years).

Cardiovascular Risk Factors

Compared with controls, patients with stroke were more likely to be African American, to have received less formal education, to
be receiving current treatment for hypertension or diabetes, to be current cigarette smokers, and to be postmenopausal, and they
were less likely to exercise three or more times per week (Table 1). For the most part, these differences were statistically
significant and were consistent across types of stroke; exceptions were that diabetes was not more common among case-patients
with hemorrhagic stroke than among controls and patients with aneurysmal bleeding were not more likely than controls to be
postmenopausal. Body mass index was similar for all patients with stroke combined compared with controls, but patients with
ischemic stroke had a higher body mass index than controls.

View this table: Table 1. Distribution of Demographic and Cardiovascular Risk Factors for Case-
[in this window] ~patjents by Type of Stroke and Controls by Oral Contraceptive Use*

[in @ new window]

Correlates of Oral Contraceptive Use among Controls

Current users of oral contraceptives tended to be younger, were more likely to be of non-Hispanic white ethnicity, and tended to
have lower body mass indices compared with past users or never users (Table 1). Past users were more likely to be current
smokers (23.6%) than were either current users (14.8%) or never users (9.8%). Treated hypertension and diabetes were
uncommon among controls, but the prevalence of treated hypertension was lowest among current users and highest among never
users. Past users were less likely than current users or never users to have treated diabetes. Use of oral contraceptives was not
associated with level of education or vigorous exercise, but women who had never used these medications consumed alcohol less
frequently than did either current users or past users. Except as indicated in Table 1, all differences between current, past, and
never users of oral contraceptives were consistent with chance (P> 0.2).

Oral Contraceptive Use and Stroke
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Current users of low-dose oral contraceptives had a risk for stroke similar to that of women who had never used these medications
(odds ratio, 0.89 [95% CI, 0.42 to 1.90]) (Table 2). The results did not differ appreciably between hemorrhagic stroke and ischemic
stroke. Compared with women who were not current users of oral contraceptives, the odds ratios for current users were 1.51 (Cl,
0.71 to 3.19) for hemorrhagic stroke and 1.30 (Cl, 0.61 to 2.79) for ischemic stroke. The odds ratios for current users compared
with past users were generally higher than those for current users compared with women who were not current users. For past
users compared with never users, the odds ratios were about 0.5 to 0.6 (Cl including 1.0) for both hemorrhagic and ischemic
stroke. The odds ratios for aneurysmal bleeding were similar to or slightly greater than the odds ratios for all hemorrhagic strokes,
but none of the Cls excluded 1.0. We did not calculate odds ratios for stroke for the few women who were current users of oral
contraceptives containing 50 ug of ethinyl estradiol (two case-patients with hemorrhagic stroke, one case-patient with ischemic
stroke, and three controls).

View this table: Table 2. Adjusted Odds Ratios for Stroke and Type of Stroke in Relation to

[in this window] - Gy rrent Use of Low-Dose Contraceptives and Past Use of Oral Contraceptives*
[in @ new window]

The odds ratios for current use of low-dose oral contraceptives and total stroke were not clearly elevated among older women,
cigarette smokers, or obese women (Figure 1), and they were essentially the same among women without treated hypertension as
among all women; there were too few women with treated hypertension to allow us to compute odds ratios for this group. These
analyses were based on small numbers of current users of low-dose oral contraceptives among older women, current smokers,
and obese women. Odds ratios greater than 2 were found for total stroke and hemorrhagic stroke in relation to current use of pills
containing norgestrel-type progestins (levonorgestrel or norgestrel) but not pills containing norethindrone-type progestins
(norethindrone, norethindrone acetate, ethynodiol diacetate, or norethynodrel) (Figure 1). For aneurysmal bleeding, the odds ratio
for norgestrel-type progestins was 4.46 (Cl, 1.58 to 12.53) and the odds ratio for norethindrone-type progestins was 0.86 (Cl, 0.23
to 3.20). In relation to ischemic stroke, the odds ratios for current use of norgestrel-type pills and norethindrone-type pills differed
litle and were imprecisely estimated. The odds ratios calculated according to progestin type in the currently used pill were similar
when current users were compared with past users, but they generally were decreased when current users were compared with
never users. For example, for use of norgestrel-type pills compared with never use of oral contraceptives, the odds ratio for
hemorrhagic stroke was 2.13 (Cl, 0.71 to 6.38) and the odds ratio for aneurysmal bleeding was 3.03 (CI, 0.89 to 10.35). All
analyses in relation to the progestin type of the currently used oral contraceptive were based on small numbers of current users,
particularly for ischemic stroke. Exclusion of case-patients who did not have residential telephones from these and other analyses
produced minor increases in the odds ratios that did not alter the direction or strength of our findings.

. . Figure 1. Odds ratios and 95% Cls for stroke in current users of low-
e ' 3 dose oral contraceptives. Top. For total stroke by personal
: I characteristics. Bottom. According to progestin type, by type of stroke. *
Compared with women who were not current users, adjusted for age
: (continuous), treated diabetes (yes, no), ethnicity (African American,
_ o 1 other), and other risk factors for stroke listed. For example, odds ratios
----- - according to smoking are adjusted for age (continuous), treated diabetes
= . (yes, no), ethnicity (African American, other), body mass index (BMlI)
(continuous), and treated hypertension (yes, no). t Compared with women
who were not current users, adjusted for age (continuous), cigarette
smoking (current, not current), ethnicity (African American, other), treated
hypertension (yes, no), treated diabetes (yes, no), and body mass index
View larger version (25K):  (continuous). ¥ Compared with women who were not current users,
[in this window] adjusted for age (years), treated hypertension (yes, no), smoking (current,
[in a new window] . . . . .
past, never), race (white non-Hispanic, African American, other), and
average frequency of alcohol use in the year before the reference date (=1

—t
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time per week, 1 to 3 times per month, < 1 time per month).

Discussion

T
Like another recent U.S. population-based study [10], we found that stroke is a very rare event in : M?ert)hods

women 18 to 44 years of age. We did not find that current users of low-dose oral contraceptive pills in . Results

our population were at increased risk for either hemorrhagic or ischemic stroke compared with women . Discussion

who had never used these medications. At most, we found weak, nonsignificant elevations in odds = Author & Article Info
ratios for current users compared with women who were not current users or women who were past + References

users. We found no strong evidence that the odds ratios for oral contraceptive use and total stroke

were elevated in women who were at increased risk for stroke because of age, smoking, or obesity. We also found a suggestion of
inverse associations between past oral contraceptive use and both hemorrhagic and ischemic stroke, although the Cls overlapped
1. Odds ratios for hemorrhagic stroke, especially aneurysmal bleeding, were significantly elevated for current use of low-dose oral
contraceptive pills containing norgestrel-type progestins but not of those containing norethindrone-type progestins.

Our findings for current users of low-dose oral contraceptives in relation to hemorrhagic and ischemic strokes are similar to those
reported recently from European sites in a large multinational study [14, 15], and they are probably statistically compatible with the
odds ratios of 1.1 to 1.2 reported from the Kaiser Permanente study [10]. The odds ratios of less than 1.0 for ischemic stroke in
past users in our population are similar to those reported elsewhere [5, 10], but they contrast with the absence of an association
found in the European centers of the World Health Organization Multinational Study [15]. Our suggestion of a reduced odds ratio
with hemorrhagic stroke is consistent with the results of a previous study of subarachnoid hemorrhage conducted earlier in our
area [7], but it differs from the results of others [6, 10, 14]. Results of analyses of past oral contraceptive use are difficult to
interpret because of variation in the ethinyl estradiol and progestin doses over time and across populations. Past use reported by
women who are of mid-to-late childbearing age in the 1990s is likely to have consisted of a mixture of low-dose and high-dose
formulations; thus, one interpretation of the inverse associations in recent studies would be a favorable long-term impact of low-
dose ethinyl estradiol on the development of stroke. Alternatively, past use of oral contraceptives among women who are currently
of childbearing age may reflect the selection of women at very low risk for stroke for reasons that we could not adequately
measure, and thus control for, in our study.

Our results for hemorrhagic and ischemic stroke in relation to the progestin component of current low-dose oral contraceptives are
similar to those reported from the Kaiser Permanente study [10], with one exception. For hemorrhagic stroke, we found an odds
ratio of 3.28 (Cl, 1.27 to 8.57) for current use of norgestrel-type progestin pills compared with no current use of oral
contraceptives, whereas the corresponding odds ratio was 0.82 in the Kaiser Permanente Study [CI, 0.29 to 2.58]. The relatively
few current users of low-dose oral contraceptives in both reports and the overlapping Cls suggest that chance may account for the
apparently different results. Characteristics of the two studies that may also contribute to the discrepant results include 1) variation
in ethnic composition [our population almost entirely comprised non-Hispanic white persons, in contrast to the Kaiser Permanente
study] and 2) different levels of missing information on progestin type (the progestin type of the pill used by one third of the case-
patients and one tenth of the controls who were current users in the Kaiser Permanente study could not be classified; the
corresponding figures for our study were 4% and 15%, respectively).

Compared with norethindrone-type or newer progestins (desogestrel or norgestimate), levonorgestrel may produce greater
elevations in blood pressure [16, 17] and may have stronger antiestrogenic actions [18]. If low-dose ethinyl estradiol mimics the
observed effects of natural estrogens on blood pressure reduction, prevention of collagen and elastin wasting [19, 20], and
reduced susceptibility to arterial stiffening [21], the antiestrogenic effects of levonorgestrel might increase the chances that an
aneurysm will develop, rupture, or both. The few case-patients on which our progestin type results are based do not allow us to
draw firm conclusions. Rather, given the results of previous studies suggesting associations between levonorgestrel and risk for
arterial vascular disease [8, 9], they support the need for additional studies to clarify whether the progestin component of low-dose
oral contraceptive pills has any influence on the risk for stroke.

Our population-based study design and standardized case review incorporating original diagnostic reports strengthen the validity
and generalizability of our results. In addition, by including proxy respondents for case-patients who had died or were impaired
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because of stroke, as well as for a similar proportion of controls, we reduced the chances that our findings were influenced by
associations between use of oral contraceptives and severity of stroke. Proxy respondents provided highly accurate information
about whether a case-patient or control was a current user of oral contraceptives, but they underestimated past use. This
misclassification would tend to attenuate associations with past use of oral contraceptives.

The most important limitation of our study is that all odds ratios for current use (particularly those estimated according to risk
factors for stroke and progestin type) were based on small numbers of case-patients. As a result, most of the small differences
that we observed were consistent with chance, and the absence of statistically discernible differences in some analyses could be a
consequence of low statistical power. For example, we cannot exclude the possibility that for total stroke, the true odds ratio
associated with current use of low-dose oral contraceptives is as high as 2.4 or as low as 0.7. Diagnostic bias [22] is an unlikely
explanation for our results because the only odds ratios that were elevated were those for specific formulations of low-dose oral
contraceptives in relation to the more severe hemorrhagic strokes. Reliance on participant memory for information on oral
contraceptive use could have led to recall bias, and nonparticipation could have caused response bias. These potential errors may
account for some or all of the small elevations in the odds ratios for current users of low-dose oral contraceptives compared with
women not currently using these medications.

The incidence of stroke is very low among young women, and our data suggest that in the general population, there is little or no
increased risk for stroke associated with the use of currently available low-dose oral contraceptive pills. Even if the risk is elevated
by as much as 30% to 40%, less than one additional stroke will occur annually per 100 000 women 18 to 44 years of age. This
rate is very low considering that oral contraceptive pills are highly effective, reversible methods of contraception and have well-
established health benefits [23]. Our results are therefore consistent with those of other recent reports [10, 14, 15] indicating that,
in the aggregate, reduction in the estrogen content of oral contraceptives has greatly enhanced the cerebrovascular safety of
these commonly prescribed medications. Although we did not observe increased risks for stroke associated with low-dose oral
contraceptive use among cigarette smokers or persons with hypertension, other recent studies [10, 14, 15] have found strong
associations among women who are at increased risk for stroke because of these characteristics. Physicians should therefore
continue to follow existing contraindications when prescribing low-dose oral contraceptives.

Dr. Longstreth: Harborview Medical Center, Department of Neurology, Box 359775, Seattle, WA 98195.
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