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ABSTRACT
Background It is well known that cerebral aneurysms
occur more frequently in women, with numerous studies
suggesting a role for hormones in aneurysm
pathogenesis. Estrogen promotes normal physiologic
vascular endothelial function but also fluctuates during
the menstrual cycle and drops significantly at
menopause.
Methods A retrospective, case control study was
conducted to determine if exogenous estrogen use,
which stabilizes estradiol levels, had any association with
the presence of cerebral aneurysms. 60 women with
intradural cerebral aneurysms were interviewed about
their basic medical and female reproductive health
histories, including oral contraceptive pill and hormone
replacement therapy use and duration of use. This
information was compared with the same data collected
from women in the general public, as represented by
4682 women contacted through random digit phone
dialing in the National Institute of Child Health and
Human Development sponsored Contraceptive and
Reproductive Experiences Study, published in 2002.
Results Multivariate logistic regression showed
a significant association between a lower rate of oral
contraceptive (OR 2.1, CI 1.17 to 3.81; p¼0.01) and
hormone replacement therapy (OR 3.09, CI 1.54 to 6.22;
p¼0.002) use and the presence of a cerebral aneurysm.
Conclusion These data suggest that exposure to
exogenous estrogen agents in women is associated with
a lower frequency of cerebral aneurysms.

INTRODUCTION
Each year 30 000 people in the USA develop
subarachnoid hemorrhage (SAH) from a ruptured
cerebral aneurysm. When compared with other
vascular diseases of the brain, cerebral aneurysms
are associated with a unique gender discrepancy.1e3

Multiple studies have reported this consistent
gender inequality, including the International
Study of Unruptured Intracranial Aneurysms
study, which evaluated 4060 patients and found
that 75% were women.4 Similarly, of the 2143
patients in the International Subarachnoid Aneu-
rysm Trial, 63% were women.5 Another prospective
study of aneurysmal SAH found that women have
an age adjusted RR of 1.74 compared with men.6

Apart from female gender, other well described
risk factors associated with cerebral aneurysm
rupture include smoking, hypertension, alcohol
abuse,7 8 low socioeconomic status,9 autosomal
dominant polycystic kidney disease7 10 and family
history of SAH.7 11 A gender related etiology is
likely important because many of these risk factors,
including hypertension, cigarette smoking and
alcohol use, are generally more common in men.

The effects of estrogen on vascular structure and
function have been described to occur via its
pleiotropic effects on vascular endothelial cells,
collagen and nitric oxide. Endothelial cell injury via
wall shear stress is considered an initial step in
aneurysm formation. The ability of endothelial
cells to withstand the wall shear stress from
pulsatile arterial blood flow depends on their ability
to grow, proliferate and remodel efficiently.
Estrogen has been found to contribute to this
normal homeostatic process by stimulating endo-
thelial proliferation and reducing vascular tone via
its receptors on endothelial and vascular smooth
muscle cells.12 Endothelial remodeling is what leads
to maintenance of a constant arterial lumen diam-
eter, which promotes laminar, energy efficient
blood flow, in spite of the energy inefficient
configuration of the circle of Willis.
As such, changes in estrogen levels may have

ramifications on vascular integrity. The estrogen
loss that occurs at menopause is well known to be
responsible for skin fragility because of its delete-
rious effects on collagen and elastin.13 Through
similar mechanisms, estrogen loss also leads to
diminished elasticity in blood vessels.14 This may
compromise the ability of the vessel wall to effec-
tively remodel to counteract the wall shear stress
forces. There may be several clinical correlates to
estrogen’s effects on the cerebral vasculature. The
increase in female prevalence of cerebral aneurysms
does not occur until after the age of 40 years.6 15

The peak age of incidence of aneurysmal rupture in
women is between 50 and 59 years of age15 while
the median age of SAH is around 52 years.5

Our aim was to perform a clinical study to
characterize the role estrogen plays, if any, in not
only the rupture of, but also the pathogenesis of,
cerebral aneurysms. Use of exogenous estrogen
agents such as oral contraceptive pills (OCP) and
hormone replacement therapy (HRT) normalizes
the physiologic drops in estrogen seen during the
menstrual cycle and particularly at menopause. The
goal of this study was to compare the rate of
exogenous estrogen use in a cohort of women with
largely unruptured cerebral aneurysms, with large
sample national averages.

METHODS
We obtained institutional review board approval for
our study protocol. We conducted a structured,
scripted telephone survey of all female patients,
18 years of age or older with at least one saccular
cerebral aneurysm, >3 mm in maximal diameter,
not associated with a brain arteriovenous malfor-
mation, seen on brain vascular imaging, who were
under the care of a single physician (MC). We
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recorded the circumstances in which patients did not participate
(refusal, inability to locate patient, patient death or mental
impairment due to stroke). For those patients who were
mentally impaired or had passed away, we asked if an appro-
priate proxy was available. A structured questionnaire was used
to obtain detailed information regarding past medical, social,
family and gynecologic history, including their lifetime use and
duration of use of OCP and HRT. Subjects were also questioned
about their lifetime use of tobacco and whether a doctor ever
diagnosed them with hypertension, diabetes or heart disease.

Our control group was obtained from the publicly available
data set of 4682 women sampled from Atlanta, Detroit, Los
Angeles, Philadelphia and Seattle as a part of the National
Institute of Child Health and Human Development sponsored
Contraceptive and Reproductive Experiences Study. This study
investigated what role OCP and HRT played in the development
of breast cancer. This control data set was obtained via
unclustered, equal probability sampling of phone numbers.
Trained interviewers, from 1994 to 1998, used questionnaires
focused on reproductive, exercise and health histories, including
use of OCP and HRT.16 From these control data, we matched
controls to our cases for both age (<45, 45e54 and >54 years)
and educational level (#12th grade, >12th grade). In each of the
six subgroups, the case to control radio was fixed at 1:7.

Differences between study groups were examined with the c2

test for categorical variables and the Student’s t tests for
continuous variables. Logistic regression models were used to
assess the association between the presence of a cerebral aneu-
rysm and use of OCP and HRTas well as other factors, including
body mass index, smoking, nulliparity and menopausal status,
hysterectomy and number of pregnancies. Statistical significance
was set at p<0.05. All statistical analyses were performed using
SAS 9.1 (SAS Institute).

RESULTS
From 2008 to 2010, 134 patients with cerebral aneurysms were
under the care of a single physician (MC); 68% (91) were women
but only 66% (60) of those were available or had a reliable proxy
to answer our survey questions. Age range was between 31 and
80 years, with 65% of cases involving an unruptured aneurysm.
Table 1 shows the characteristics of the two study groups.
Although we matched controls to our cases for age categories of
(<45, 45e54 and >54 years), our cases were slightly older than
controls on average. Also, our case group had a trend towards
more frequent premature menopause. Other characteristics,
including body mass index, age of menarche, smoking, nulli-
parity, number of pregnancies, menopausal status and rate of
hysterectomy were comparable between the case and control
groups.

Multivariate logistic regression was performed to calculate
adjusted ORs for the presence of a cerebral aneurysm. Both OCP
(OR 2.1, CI 1.2 to 3.8; p¼0.01) and HRT (OR 3.1, CI 1.5 to 6.2)
use were significant, indicating that women who used OCP and
HRTwere less likely to have cerebral aneurysms.

Comparison between ruptured and unruptured status within
our case group, as shown in table 2, did not show any statisti-
cally significant differences in OCP and HRT usage. Although
menopausal age was statistically different, this difference
disappeared when controlling for rate of hysterectomy.

DISCUSSION
Consistent with our hypothesis was the finding that women
with cerebral aneurysms used OCP and HRT significantly less

frequently than women in the general population. Furthermore,
there was a trend towards a younger mean age of menopause
and a more frequent premature menopause (defined as age <45
years) in our case group. These results support the hypothesis
that physiologic drops in estrogen and/or low endogenous levels
of estrogen that occur during the menstrual cycle and particu-
larly at menopause may not only play an important role in
cerebral aneurysm formation but may serve as a potential
therapeutic target.
The majority of our cases consisted of women with unrup-

tured aneurysms (65%). Evaluation of a hormonal etiology
behind unruptured cerebral aneurysms in women is unprece-
dented, most likely because non-invasive brain vascular imaging
has only recently been a widely used diagnostic study.
Jamous et al used animal experiments to demonstrate the

protective role HRT plays in rats subjected to experimental
aneurysm induction and oophorectomy.17 After a 10 week
treatment with 17b-estradiol, the cerebral arteries were evalu-
ated under electron microscopy for aneurysmal changes. Only
one of the 15 rats (7%) given 17b-estradiol, as opposed to eight
of 15 (53%) rats not given exogenous estrogen, developed
saccular aneurysmal changes, indicating a protective role for
estrogen in aneurysm development.
Prior clinical data on the relationship between OCP use and

SAH have been inconsistent. For example, a meta-analysis of 11
studies revealed a significant relationship between OCP use and
SAH with an RR of 1.42 (95% CI 1.12 to 1.80; p¼0.004).18

Additional case control studies19 20 and a meta-analysis of three
longitudinal and four population based case control studies7

showed no effect of OCP use on SAH risk. In contrast, a more
recent case control study found that OCPs may be protective

Table 1 Medical histories of women with aneurysms compared with
women in the general public

Variable Case (n[60) Control (n[420) p Value

Age (years)

Mean (SD) 53.9 (12.53) 51.3 (7.85) 0.12

Body mass index (kg/m2)

Mean (SD) 27.8 (7.5) 27.3 (10.3) 0.73

Education (>12 grade)

n (%) 27 (45.8) 193 (46) 0.99

Smoker

n (%) 16 (26.7) 90 (21.4) 0.36

Menarche age (years)

Mean (SD) 12.8 (1.7) 12.8 (1.8) 0.81

Nulliparous (yes)

n (%) 9 (15) 56 (13.4) 0.73

No of pregnancies ($3)

n (%) 30 (50) 185 (44.2) 0.39

Age first live birth (years)

Mean (SD) 21.7 (5.6) 21.8 (6.4) 0.97

Age first live birth $30

n (%) 5 (10) 41 (11.3) 0.79

Menopause age (years)

Mean (SD) 43.4 (8.5) 44.3 (8.5) 0.53

Premature menopause (menopause age <45)

n (%) 20 (50) 106 (34) 0.18

Post-menopause

n (%) 40 (66.7) 228 (61.2) 0.45

Hormone replacement therapy

n (%) 14 (23.7) 188 (44.8) 0.002

Oral contraceptive pill

n (%) 36 (60) 326 (77.6) 0.003
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from SAH with an OR of 0.64 but this was not statistically
significant.3 Other studies show more support for a protective
role of OCP use and SAH. For instance, a population based
case control study showed that having a history of OCP use in
the past is protective from both hemorrhagic and ischemic
stroke later in life.20 Similarly, a case control study of 124
women with SAH, aged 30e79 years, found that several factors,
including earlier age of menarche (adjusted OR 3.24) and nulli-
parity (adjusted OR 4.23) were associated with an increased risk
of SAH. These effects appear to be additive, and women with
both early menarche and null gravidity have correspondingly
increased risk (adjusted OR 6.37).21

Previously published data on OCP use and SAH have been
conflicting, likely because of significant variability of both
formulations and dosages over time. Since the introduction of
OCPs in 1960, initial dosages administered were in the range of
50 mg of ethinyl estradiol. Modern OCPs use fractional doses
of estrogen, and most include varying doses of progestins.
Furthermore, because these are observational studies, there is no
consistency or regulation on the types or dosages of exogenous

hormones used, duration of their use, compliance of use or
which decade(s) of women’s lives the pills were taken. The
historical changes in formulations and dosages could very well
account for the varying results reported in the literature.
Although the relationship between OCP use and SAH has

been inconsistent in the literature, HRTappears to have a more
consistently favorable effect on SAH risk. Given the significantly
greater drop in in vivo estrogen after menopause compared with
the milder, albeit more frequent, drops in estrogen found during
the normal menstrual cycle, it follows that the impact of
exogenous hormones in the post-menopausal period may play
a larger role in affecting cerebral aneurysm pathogenesis. Long-
streth et al, via a 1:2 age matched case control study, evaluated
103 women with only ruptured cerebral aneurysms and found
a higher frequency of post-menopausal women and those who
never took HRT among SAH cases.22 Mhurchu et al also
performed a prospective, population based, case control study
looking at 286 patients and found that any use of HRT was
associated with a significant 36% reduction in the odds of SAH.2

The association between ever use of HRT and SAH was further
validated by demonstrating no significant differences in relation
to age, cholesterol level, BMI, smoking habits, history of
hypertension or level of education between those who had ever
used HRT and those who never used HRT.2

Study limitations
The primary limitations of this report are those associated with
our control group data. Finding ideal controls for unruptured as
opposed to ruptured cerebral aneurysms is inherently more
difficult and time consuming. Ideal controls would be women
matched for age, race and socioeconomic background with
documented normal brain vascular imaging. However, unlike
prior studies evaluating SAH, greater logistical challenges existed
in identifying women with normal brain vascular imaging
compared with asking the question if they had ever experienced
a SAH. Obtaining a sufficient control size within a reasonable
amount of time proved difficult because brain vascular imaging,
unlike brain parenchymal imaging, is not often performed as
a screening or initial study.
The significant disparity in HRT use between our cases and

controls is confounded by practice pattern changes in prescribing
HRT during the past two decades. Until 2002, when the
Women’s Health Initiative investigators published their data
from interviews of 16 608 healthy post-menopausal women,23

oral HRT had been routinely given for the short term treatment
of hot flashes and other menopausal symptoms. At a mean of
5.2 years of follow-up, the trial was halted because of a statisti-
cally significant increased risk for breast cancer, in addition to
a small but increased risk of heart disease, stroke, blood clots and
abnormal mammograms. Since this publication, HRT prescrip-
tions have dropped significantly. Therefore, because the data for
the control group were conducted between the years
1994e1998, and the data from our cases were collected from
2008 to 2010, a portion of our cases not only underwent
menopause after 2002 but also were susceptible to this
confounder. Control data obtained during the same time points
of 2008e2010 would represent a more accurate control.
Another limitation of this study is that all hormonal data

were based on self- or proxy report. This information was not
confirmed on medical record review which may have resulted in
misclassification of exposures. Nevertheless, a high agreement
between self-report and medical records regarding the use of
HRT24 has been demonstrated in the past, suggesting this type
of reporting may be reliable.

Table 2 Univariate analysis comparing patients with ruptured and
unruptured cerebral aneurysms

Variable Unruptured (n[39) Ruptured (n[21) p Value

Age

Mean (SD) 53.4 (12.7) 54.9 (12.4) 0.66

Median 52 54

Body mass index (kg/m2)

Mean (SD) 28.5 (7.6) 26.5 (7.2)

Median 28.4 26.7 0.34

Education (>12 grade)

n (%) 20 (52.6) 7 (33.3) 0.15

Smoker

n (%) 10 (25.6) 6 (30) 0.72

Menarche age (years)

Mean (SD) 12.6 (1.8) 13.1 (1.5)

Median 12.5 13 0.28

Nulliparous (yes)

n (%) 5 (13.9) 2 (9.5) 1.0

No of pregnancies

Mean (SD) 3.3 (2.5) 3.2 (1.5)

Median 3 3 0.82

Age first live birth (years)

Mean (SD) 21.7 (7.6) 19.6 (5.6)

Median 20.5 20 0.62

Menopause age (years)

Mean (SD) 41 (9) 47.1 (6.3) 0.02

Median 42 48.5

Premature menopause (menopause age <45)

n (%) 14 (58.3) 6 (37.5) 0.2

Post-menopause

n (%) 24 (61.5) 16 (76.2) 0.25

Hysterectomy

n (%) 16 (43.2) 5 (25) 0.17

Hormone replacement therapy

n (%) 11 (28.2) 3 (15) 0.34

Hormone replacement therapy duration among users (years)

Mean (SD) 14.3 (13.6) 5.5 (6.4)

Median 6.5 5.5 0.67

Oral contraceptive pill

n (%) 25 (64.1) 11 (52.4) 0.38

Oral contraceptive pill duration among users (years)

Mean (SD) 5.8 (6.8) 5 (4.8)

Median 4.5 3 0.89
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An additional confounding factor is the relationship between
OCP use and smoking. Because smoking while taking exogenous
hormones is associated with a higher risk of blood clots and
adverse cardiovascular events, women are strongly discouraged
from smoking while taking OCPs. Therefore, women taking
exogenous hormones may be less likely to smoke than women
not taking hormones, potentially sparing them the aneurysm
risks associated with smoking. However, rate of smoking
between the two groups was accounted for in our multivariate
analysis.

CONCLUSION
Current medical management options with patients with
unruptured cerebral aneurysms are limited, consisting largely of
smoking cessation and blood pressure control. Furthermore,
excessive attention is directed towards further refining the
anatomic exclusion of the visible cerebral aneurysm, an inter-
vention that fails to address the underlying vascular predispo-
sition. Perhaps our focus should be less on episodic, essentially
temporizing, procedures, including more clip and coil iterations,
stents, balloons and other devices. Such an approach leads to
prognostic uncertainty and a future filled with anxiety
provoking surveillance imaging for the patient.

The results of this study may not only provide additional
insight into cerebral aneurysm pathophysiology but more
importantly may lead to more pathology based therapies to
patients either harboring an unruptured cerebral aneurysm or at
risk of developing one.
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Key messages

< Several hormonal mechanisms have been studied in animals
and in humans to explain the gender disparity found in
cerebral aneurysm rupture.

< We tested the hypothesis that the estrogen fluctuations found
during the menstrual cycle and particularly at menopause
contribute to cerebral aneurysm formation.

< Compared with large sample, age matched controls, our
cohort of women with largely unruptured cerebral aneurysms
used estrogen modifying agentsdnamely, oral contraceptives
and hormone replacement therapydsignificantly less often.

< A better understanding of the exact role estrogen has on
vascular endothelial physiology may serve as a potential
therapeutic target.
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