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A B S T R A C T

Background: Aneurysmal subarachnoid haemorrhage (aSAH) disproportionally affects women. We conducted a
systematic review and meta-analysis to explore sex differences in aSAH risk factors.
Methods: Case-control/cohort studies were searched to November 2017 with sex-specific risk factors for aSAH.
Meta-analysis was performed when a risk factor was reported in ≥2 studies.
Results: Of 31 studies, 22 were eligible for meta-analysis. Female sex was associated with greater odds of aSAH
(HRadjusted 1.90 [1.47–2.46]. There was no detectable difference between the sexes for hypertension (ORadjusted:
men 3.13 [2.26–4.34]; women 3.65 [2.87–4.63], p= .18), smoking (ORadjusted: men 2.96 [1.68–5.21]; women
3.11 [1.21–7.97], p= .95), aSAH family history, systolic blood pressure, age and some genetic variations.
Alcohol (ORadjusted: men 1.50 [1.04–2.17]; women 0.83 [0.48–1.45], p= .003), high alanine aminotransferase
levels, and some gene variants increased the risk of aSAH in men. Reproductive factors, divorce and some genetic
variations increased the risk in women. High aspartate aminotransferase levels in men and, diabetes (ORadjusted:
men 0.57 [0.32–1.01]; women 0.24 [0.13–0.43], p= .01) and parity in women reduced aSAH risk.
Conclusion: We recommend sex-specific re-analysis of existing studies of aSAH risk factors. Known aSAH risk
factors (hypertension, smoking and alcohol consumption) should be targeted to prevent aSAH in men and
women.

Registration PROSPERO (ID: CRD42018091521).

1. Introduction

Aneurysmal subarachnoid haemorrhage (aSAH) occurs more often
in women than in men [1,2] but the reasons for this are unclear. SAH
results from the rupture of an aneurysm in approximately 85% of cases
[3]. Of note, the prevalence of unruptured intracranial aneurysms is
higher in women compared to men (4.4 vs 2.5%) [4] consequently
increasing the risk of rupture. The risk factors for aSAH are likely to be
distinct from other causes of SAH, but few studies have been conducted
to explore sex differences in risk factors for aSAH. In a systematic re-
view on risk factors for SAH, Tiunissen et al. did not detect sex differ-
ences in alcohol consumption, cigarette smoking and hypertension [5].
Feigin et al. conducted an updated systematic review of SAH, and

reported that hypertension and alcohol intake were more hazardous in
women while hypercholesterolemia reduced the risk of SAH in men,
although none of these risk factors were statistically different between
women and men [6]. These reviews included studies with varied de-
signs (e.g. clinical trials, case-crossover studies, etc), were not focussed
on exploring sex differences, and included only a limited number of risk
factors. In addition, these reviews did not include examination of sex
differences in genes associated with the risk of aSAH.

Our aim was to conduct a comprehensive review of sex differences
in risk factors for aSAH to explore the reasons for the greater incidence
in women than men.
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2. Methods

2.1. Literature sources and search strategy

Pubmed, Scopus, Medline via Ovid and Embase via Ovid were
searched from inception to Nov 27, 2017. The Appendix A provides the
full search strategy. Keywords and medical subject headings used for
searching the databases included “sex characteristics”, “sex difference”,
“gender difference”, “sex based”, “sex distribution”, “sexual di-
morphism” AND “aneurysmal subarachnoid haemorrhage”, “ruptured
cerebral aneurysm”, “ruptured intracranial aneurysm”, “ruptured brain
aneurysm” AND “risk factors”. The review was registered with PROS-
PERO (ID: CRD42018091521). Studies focused specifically on cohorts
of women or case-control studies with women only were examined.

2.2. Study screening for title and abstract

Two reviewers (SR and BWS) screened titles and abstracts based on
the following inclusion criteria: (1) cohort, case-control, cross-sectional,
case series or case-reports at least 10 cases, (2) provided details of

stroke subtypes or subarachnoid haemorrhage and risk factors, (3)
mentioned sex differences in risk factors or were women specific studies
but with risk factors not limited to only women like smoking or hy-
pertension (4) were published in English. Studies were excluded if they
were 1) animal-based, experimental, autopsy series, or included fewer
than 10 patients, or 2) included non-aneurysmal SAH, either on its own
or as a combined category with aSAH.

2.3. Full text screening

For full-text screening, a study was included when: (1) It was a
cohort or case-control study, (2) included aneurysmal subarachnoid
haemorrhage, had criteria indicating that history and CT findings were
highly suggestive of aneurysmal origin, and did not provide evidence of
inclusion of SAH other than aneurysmal rupture, (3) provided effect
estimates with 95% CI or raw data to calculate these, included risk
factors that were stratified by sex, or included an interaction term be-
tween sex and risk factors for aSAH.

Fig 1. Prisma flow chart for the selection of the studies for systematic review and meta-analysis.

S. Rehman, et al. Journal of the Neurological Sciences 406 (2019) 116446

2



2.4. Risk of bias and methodological quality assessment

Two independent reviewers (SR and MD) used Newcastle-Ottawa
Quality Assessment Scale [7] for case-control and cohort studies to
assign level of quality to each study. This scale has a range from 0 to 9
and was modified for this review (See Appendix B, Supplementary
Methods, Appendix C Supplementary Tables C.1–C.4). Any conflict
between the two reviewers was resolved by discussion.

2.5. Data extraction

Reviewers (SR and MD) independently extracted predefined data
items (see Appendix B Supplementary methods). If a study provided
more than one adjusted estimate, the fully adjusted estimate was ex-
tracted. If two or more studies provided effect estimates for a given risk
factor, it was included in the meta-analysis.

2.6. Data analysis

Crude and adjusted odds ratios (OR), risk ratios (RR), or hazard
ratios (HR) were reported for different risk factors for aSAH for men
and women. Random-effects meta-analysis was used to pool estimates
by approximating OR and RR for available studies. Subgroup analysis
was performed by comparing the pooled results of similar studies for a
risk factor in men and women. We included studies in the analysis in
which aneurysm was further confirmed by angiography, MRA
(Magnetic Resonance Imaging), DSA (Digital Subtraction Angiography),
during surgery or at autopsy and, performed sensitivity analysis for the
studies which did not mention gold standard imaging methods or
techniques for confirmation of the aneurysm. The mvmeta [8] com-
mand was used to conduct multivariate meta-analysis to test statistical
significance of sex difference for the risk factors in those studies with
stratified estimates. We also performed meta-regression between re-
gions of low and high incidence of aSAH. Data analysis was conducted
using Stata 15 (StataCorp LLC, Texas, USA). Begg's test was used to
assess publication bias and p-value < .05 was considered as sig-
nificant.

3. Results

From 12,864 records, 50 potential studies including two abstracts
(case-control studies= 42, cohort studies= 8) on risk factors for aSAH
were identified (Fig. 1). Among 31 studies of sex differences in aSAH,
two of which were abstracts (case-control studies= 27, cohort stu-
dies= 4), there were a total of 8611 cases in 27 case-control
(n=7726) and 4 cohort (n=885) from 15 countries. We could not
include 19 studies (case-control studies= 15, cohort studies= 4) as no
sex specific results were reported by the authors. Most of the studies
were from Japan (n=6) and Sweden (n=6), followed by Norway
(n=3), and the United States of America (n=3). All case-control
studies were of high quality, with score≥ 6 except one, which was an
abstract. Three out of four cohort studies were of high quality with
scores ≥6. No evidence of publication bias was found.

3.1. Risk factors

A summary of all the risk factors across the studies is provided in
Tables 1, 2 and 3.

3.1.1. Female sex
The association between sex and the risk/odds of aSAH was ex-

amined in eight case-control and two cohort studies (ORcrude range:
0.64–2.30, ORadjusted range: 0.69–2.13 for case-control studies; HRcrude

1.7 in one cohort study, HRadjusted 1.9 in two cohort studies). See
Appendix C Supplementary Table C.5, Appendix D Supplementary Fig.
D.1. Crude estimates were reported in three case-control studies, [9–11]

and one cohort study [12] while adjusted estimates were reported in six
case-control studies [9,13–17] and two cohort studies [12,18]. Sensi-
tivity analysis was performed for the studies that did not use gold
standard imaging techniques for aneurysm confirmation, but results did
not vary after excluding them.

3.1.2. Women-specific risk factors
We observed women-specific risk factors for aSAH across different

studies. See Appendix C Supplementary Table C.6. In two studies, au-
thors examined risk or odds of aSAH associated with age at menarche.
Menarche at age < 13 years was a risk factor for aSAH in multivariable
analysis in one case-control study [19]. In a cohort study, compared to

Table 1
Risk factors identified from cohort and case-control studies.

Risk factors Number of cohort studies
studies

Number of case-control
studies

Women specific Number of
studies

Number of
cases (%
women)

Number of
studies

Number of
cases (%
women)

Female sex 2 160(67)a 7 2239 (63)a

Age at menarche 1 76 1 124
Parity 1 78 2 405
Age at first pregnancy 1 124
Menstrual cycle

regularity
1 124

Menopause status 1 79 1 124
Age at first child birth 1 124
Gravidity 1 124
Marital status 1 185
HT use 1 58
aSAH predilection area 1 44
OCPs use 1 N/A 1 4

Common in both sexes
Smoking 1 120(66) 12 1631(48)b

Blood Pressure/SBP 1/1 89(48)/
120(66)

7 811(61)b

Hypercholesterolemia 3 283(74)
Hypertriglyceridemia 1 7(71)
Diabetes Mellitus 3 62(51)
Alcohol intake 1 119(66) 5 649(25)b

Liver Disease 1 18(33)
CAD 2 114(71)
Family History 1 37(73) 1 29(62)
Migraine 1 1
Stress (Work or children

related)
1 380(66)

AST 1 38(60)
ALT 1 33(42)
UN 1 54(55)
ADAMST13

polymorphism
1 183(74)

GpIIIa A1/A2
polymorphism

1 201(44)

FXIII VARIANT H2 & H3 1 183(74)
Genotype II of the ACE

gene
1 90(63)

NOS3 27-bp-VNTR b/b
genotype

1 333(70)

Genetic variation on
9p21

1 183(74)

Age 1 120(66) 1 120 (66)
Cold temperature 1 1(N/A)
Total= 34

ADAMST13: A Disintegrin-like and Metalloprotease with Thrombospondin
Type1 Motif, 13, ALT: Alkaline aminotransferase, AST: Aspartate amino-
transferase, Gp: Glycoprotein, HT: Hormonal Therapy, FXIII; clotting factor
XIII, ACE; Angiotensin Converting Enzyme, NOS; Nitric Oxide synthase, OCPs:
Oral contraceptives, UN: Urea Nitrogen, VNTR: variable number tandem repeat.

a %age of women against men.
b %age for women is average of sex specific data provided by some of the

studies.
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menarche at age 12–13; menarche at< 12 years or> 13 years was not
a risk factor for aSAH [20].

There was one case-control study on irregular menstrual cycle
which showed that it was not a risk factor for aSAH [19].

Parity was reported as a risk factor for aSAH by two case-control
studies and one cohort study. In one case-control study, authors re-
ported that increasing parity moderately reduced the risk for aSAH
[21]. The authors in this study categorized parity from primiparous to
multiparous with ≥5 childbirths and found inverse association of risk
with increasing parity. Similar findings were reported in another case-
control study where nulliparity significantly increased the risk when
parity≥ 1 was taken as a reference [19]. In a cohort study, nulliparity
and multiparous women with> 3 children were not associated with
any association for aSAH when parity with 1–3 children was taken as a
reference [20]. One case-control study observed that first child birth at
≥26 years was not associated with a risk for aSAH [19].

One case-control explored the risk of nulligravidity when being
gravida with of ≥1 children was a reference and observed an increased
risk for aSAH [19]. In the same case-control study, first pregnancy at
age≥ 26 years was a risk factor for aSAH [19].

Two studies mentioned oral contraceptive pills (OCPs) as a risk
factor. One case-control examined current and past OCPs use as a risk
factor for aSAH. An increased risk for aSAH was observed which was
further accentuated in smokers [22]. One cohort study proposed that
high dose OCPs could be a risk for aSAH in young women but did not
further explore an association for aSAH [23]. One cohort study ex-
amined hormone replacement (HT)as a risk factor, it was reported that
HT use is not associated with a risk of aSAH [20].

Two studies explored association of pre or post-menopausal women
and aSAH. In one case-control did not find pre-menopause as a risk
factor for aSAH when post-menopausal were taken as a reference [19].
While in cohort study, authors did not find post-menopause to increase
the risk for aSAH when pre-menopausal women were a reference group
[20].

One cohort study examined marital status and found that being
divorced increased the risk for aSAH in women but not in spinsters,
widowed and married women [23]. In the same study, authors reported
that women living in aSAH predilection; which were the three districts
in Gothenburg (Sweden) with most of the young population, with an
increased number of divorcees and strikingly high number of cases of
aSAH area, also increased the risk [23].

3.1.3. Smoking
3.1.3.1. Current smoking. All studies of the association between
smoking and aSAH in men and women were of high quality
(Appendix C Supplementary Table C.7, Appendix D Supplementary
Fig. D.2 and D.3). One cohort study reported crude risks for men (RR
3.47) and women (RR 6.50) [20] and six case-control studies [24–29]
provided crude estimates for comparing sex difference for smoking
quantitatively in subgroup analysis. The ORcrude ranges in men
(1.20–7.03) and women (1.93–5.70), and the ORadjusted ranges in men
(1.1–6.08) and women (0.59–7.70) were similar. For pooled ORadjusted,
there were four case-control studies [26,30–32] for both sexes.
Multivariable meta-analysis provided no evidence of sex difference
for smoking (ORcrude p= .984 and ORadjusted p= .95).

Two case-control studies [30,33] provided risk of aSAH associated
with current smoking stratified by dose. In both studies heavier
smoking was associated with increased risk of aSAH in both sexes
compared to low dose of smoking but more so in women than men.

3.1.3.2. Other smoking exposures. No sex difference in risk of aSAH
associated with former smoking compared to non-smoking or current
smoking was detected in multivariate meta-analysis between men and
women (p= .97, Appendix B Supplementary Results, Appendix C
Supplementary Table C.7, Appendix D Supplementary Fig. D.4).
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different risk of aSAH to those not exposed in both sexes [30]. Ever
smoking compared to never smoking was associated with a higher risk
of aSAH in women but not men [25].

3.1.4. Alcohol consumption
Six studies (five case-control studies and one cohort study) provided

evidence for an association between alcohol consumption and risk or
odds of aSAH (ORcrude range: men 2.20–2.62; women 1.90–4.0,
ORadjusted range: men 1.50–1.52; women, 0.80–0.95). See Appendix C
Supplementary Table C.8, Appendix D Supplementary Fig. D.5 and D.6.
In meta-analysis, two case-control studies [25,28] were included for
pooled crude estimates and two case-control studies [31,32] for pooled
adjusted estimates In multivariate meta-analysis, ORcrude was not dif-
ferent between sexes (p= .94), while for ORadjusted there was evidence
for a stronger effect of alcohol consumption on men than women
(p= .003). In one cohort study, authors did not report any association
of alcohol consumption as a risk factor in both sexes [20].

One case-control study [33] categorized alcohol consumption
within 24 h (1-40 g, 40–120 g,> 120 g), and within one week (1–150 g,
150–300 g,> 300 g) of the aSAH. Alcohol intake of 41-120 g within
24 h, and>300 g was a risk for aSAH in both sexes but greater in
women.

3.1.5. Blood pressure
Blood pressure was examined as a risk factor for aSAH in eight

studies (seven case-control and one cohort) with measures including
hypertension [20,22,24–26,31–33] and systolic blood pressure [20].
See Appendix C Supplementary Table C.9, Appendix D Supplementary
Fig. D.7 and D.8.

In meta-analysis, four case-control studies [24–26,33] were in-
cluded for pooled crude estimates and four case-control studies
[25,26,31,32] for pooled adjusted estimates (ORcrude range: men
1.75–5.40; women 1.68–7.67, ORadjusted range: men 2.75–4.40; women
3.28–4.86). The results of multivariate meta-analysis provided no evi-
dence of sex difference for hypertension (ORcrude p= .82, ORadjusted

p= .18).
Increase in SBP was equally a risk for aSAH in both sexes in a cohort

study (HR: men 1.23; women 1.16) [20].

3.1.6. Diabetes mellitus (DM)
Three case-control studies observed the association of DM and risk

of aSAH in both sexes (ORcrude men 1.00; women 12.39, ORadjusted

range: men 0.55–0.72; women 0.17–0.26). See Appendix C
Supplementary Table C.10, Appendix D Supplementary Fig. D.9. The
ORcrude was reported in one study [24]. For meta-analysis, two studies
were included [31,32]. Diabetes mellitus was more protective in
women than in men (p= .01) as evident from multivariate meta-ana-
lysis.

3.1.7. Coronary artery disease (CAD)
CAD was assessed a risk factor in two high-quality case-control

studies (ORadjusted range: men 0.44–0.92; women 0.33–1.34). See
Appendix C Supplementary Table C.11, Appendix D Supplementary Fig.
D.10. Two studies were included for meta-analysis [31,32]. No risk for
aSAH was detected in either sex. In multivariate meta-analysis, no sex
difference was observed for the risk of aSAH was associated with CAD
(p= .87).

3.1.8. Hypercholesterolemia and hypertriglyceridemia
There were three case-control studies examining hypercholester-

olemia as a risk factor for aSAH in both sexes. See Appendix C
Supplementary Table C.12, Appendix D Supplementary Fig. D.11.
(ORcrude men 0.53; women 1.15, ORadjusted range: men 0.89–2.47;
women 0.73–3.49). The included studies were of high quality. The
ORcrude was reported in one study [24]. Two studies were included for
meta-analysis [31,32] and no association was observed for the risk of

aSAH. In multivariate meta-analysis, there was no detectable sex dif-
ference for hypercholesterolemia as a risk for aSAH (p= .88) [24]. For
hypertriglyceridemia, ORcrude in men was 0.64 and in women was 1.00
(Appendix C Supplementary Table C.12) and was not found to be a risk
factor in either sex in a case-control study [24].

3.1.9. Family history
Family history was analysed as a risk factor for aSAH in one case-

control and one cohort study (Appendix C Supplementary Table C.13).
In the case-control study, family history of aSAH was found to be an
equally significant risk factor in both sexes. In the same study odds of
aSAH associated with parental history of aSAH differed according to the
sex of the parent. Positive maternal (ORadjusted 5.4, 95% CI; 1.8–16.0)
and paternal history (ORadjusted 3.8, 95% CI; 1.1 to 13.4) were observed
to be a risk factor, but only maternal history was significant in adjusted
analysis [34]. In the cohort study, odds of aSAH was found to be twice
as greater in women (HRcrude 2.16, 95% CI 1.36–3.44) than men
(HRcrude 1.61, 95% CI 0.79–3.30 when there was a family history of
stroke in univariable analysis [20].

3.1.10. Genetic risk factors
Six studies based on genetic variations or polymorphisms as a risk

factor for aSAH were included (Appendix C Supplementary Table C.14).
NOS3 27-bp-VNTR b/b genotype was associated with the risk of aSAH
and was more prevalent in men [10] while clotting factor XIII gene
variants increased risk of aSAH in women but not men [35]. Genetic
variant rs10757278 on 9p21 also showed an association for the risk of
aSAH in women [36]. Equal distribution of ACE gene genotype II was a
risk factor for aSAH in both sexes [17]. Likewise, for ADAMST13 gene,
no sex specific association was observed [37]. GpIIIa A1/A2 poly-
morphism neither was a risk factor in Polish population, nor was any
sex difference detected [13].

3.1.11. Other risk factors
There were some other risk factors examined for their association

with the risk of aSAH (Appendix C Supplementary Table C.15). Many
important risk factors like age, low body mass index (BMI), use of drugs
like cocaine and aspirin were mentioned in the several studies but could
not be included because of the absence of sex specific analysis. In one
study, stress was compared between the sexes by categorizing it into
children related stress in women and work related stress in men but
these were not significant risk factors for aSAH [38]. Increasing age was
a risk factor in a cohort study in both sexes [20] and was associated
with decreased risk of aSAH in age groups 35–45 years, 45–55 years and
55–65 years respectively with relative lifetime risk more in women
compared to men [39]. In a study, authors reported cold temperature as
a risk factor for aSAH in women but not men [15]. High alanine ami-
notransferase (ALT) levels were associated with risk of aSAH in men but
not in women [31]. High aspartate aminotransferase (AST) levels were
associated with reduced risk in men while no association with risk was
reported in women [31]. Liver disease and urea nitrogen had no asso-
ciation for the risk of aSAH in either sex [31].

3.2. Analysis of heterogeneity by regions

We conducted meta-regression for the risk factors when there were
3 or more studies for a risk factor and a region was common for at least
2 studies. The region with high incidence was taken as reference. We
could only analyse the difference by region for female sex (adjusted
Odds ratio from case-control studies), smoking (adjusted and un-
adjusted Odds ratio), and hypertension (unadjusted Odds ratio).
Regional differences in these risk factors were not statistically sig-
nificant. See Appendix C Tables C.17–C.23.
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4. Discussion

In this systematic review, risk factors for their sex-specific associa-
tion with aSAH, were identified. Most risk factors had an equal effect on
the risk or odds of aSAH in men and women. A large proportion of
studies had to be excluded because there was no sex specific analysis of
risk factors.

Female sex was associated with a greater risk of aSAH compared to
male sex. This aligns with the findings of several female-only risk fac-
tors that are broadly related to greater exposure to reproductive hor-
mones including early age at menarche, later age at pregnancy and
nulligravidity. Women suffer from aSAH after menopause which sug-
gests that estrogen might be important in protection against the rupture
of aneurysm [40] though it might not be the main factor for aSAH [41].
Estrogen promotes vessel wall strengthening by increasing connective
tissue and endothelial NO production, and decreasing TNF-α function
which is pro-inflammatory cytokine [42]. The estrogenic change in
menopausal women might stimulate aneurysm formation and rupture.
The absence of this strong estrogen withdrawal in males could be one
factor contributing to the lower incidence in men compared to women.
The underlying explanation for this may be the number of menstrual
cycles, which is greater in women with early age of menstruation [40].
Estrogen levels change markedly during the menstrual cycle, with a
deficiency of estrogen in immediate perimenstrual phase. Estrogen
deficiency can lead to changes in vascular hemodynamics and micro-
anatomy increasing its fragility [43], as it is protective against vessel
injury by producing nitric oxide which reduces oxidative stress [44]
and, decreasing TNF-α function which is pro-inflammatory cytokine
[42]. Therefore, the greater number of menstrual cycles in women, the
greater the exposure to these estrogenic changes. There is a need for
greater understanding of the role of hormones in cerebral aneurysm
rupture as this may be a therapeutic target to reduce aSAH, particularly
in women. This is unlikely to be a simple task given the conflicting
effects of currently available therapies on risk of aSAH with oral con-
traceptives increasing [45] and hormone replacement therapy de-
creasing [46] the risk.

Risk factors such as smoking, hypertension, increased systolic blood
pressure, family history of aSAH and age were associated with a similar
increased risk of aSAH in both sexes. Although smoking was equally a
risk factor for aSAH in both sexes there was some evidence of a larger
risk of aSAH in women, compared to men, who smoked heavily [42].
Cigarette smoking can cause endothelial dysfunction, hemodynamic
stress, and promote inflammatory response that affects extracellular
matrix leading to the formation of aneurysm and, further breakdown of
matrix and cell death causes to aneurysmal rupture [47]. Hypertension
increases the risk of aSAH in men and women equally through dama-
ging the endothelium, occluding vessel wall and connective tissue
synthesis [42], and affecting the release of mediators like matrix me-
talloproteinase 13 [48] and nitric oxide (NO) [49]. Matrix metallo-
proteinase 13 breaks down extracellular matrix [48] and nitric oxide
(NO) promotes oxidative stress [49], which can cause aneurysm rupture
[42]. The role of family history in the occurrence of aSAH in men and
women may be due to shared behavioural and genetic factors. Several
genetic risk factors equally affected men and women including varia-
tion in ADAMTS13 gene [37] and ACE enzyme gene insertion/deletion
polymorphism [17]. When endothelial injury occurs, ADAMTS13 pro-
tease inhibits thrombus formation and decreases vascular inflammation
in response to contents released by platelets [50]. Therefore, variation
in ADAMST13 gene is a possible pathophysiological mechanism for
aSAH in men and women. Some authors observed that the insertion/
deletion (I/D) polymorphism of the (ACE) gene increased the risk of
aSAH [17]. This polymorphism is linked with hypertension [51], a
known risk factor for aSAH, and with other cardiovascular diseases such
as coronary artery disease [52] and ischemic stroke [53]. These finding
suggest that the management of traditional risk factors for stroke
through lifestyle modification and medications should remain the key

targets for primary prevention of aSAH, as well as stroke in general
[54].

Some risk factors for aSAH were only present in men. This may be
attributable to the dose of the risk factor. For example, the observation
that alcohol consumption was more hazardous in men than women may
be attributable to the heavier consumption of alcohol in men
[25,28,33]. There are several mechanisms linking alcohol consumption
to aSAH. High levels of alcohol consumption induce oxidative stress
that damages the endothelium which may cause aneurysm formation
and rupture [49]. Heavy alcohol consumption can lead to increase in
blood pressure [55], which itself is an independent risk factor for aSAH.
[56] In a related finding, higher ALT levels increased the risk of aSAH in
men but not women. High ALT levels are usually associated with liver
disease or cirrhosis of liver, alcoholism being one of the causes, making
a plausible link to aSAH [57]. The mechanisms underlying the greater
risk of aSAH in men than women associated with high ALT levels re-
main unknown [31]. Current primary prevention guidelines for stroke,
which include aSAH, counsel against heavy alcohol consumption. This
should be a focus of management for men with existing aneurysms [54].
Endothelial NOS gene (NOS3) 27-bp-VNTR b/b genotype poly-
morphism was also a risk for aSAH in men only [10]. It is unclear why
men and not women with this polymorphism may have a greater risk of
aSAH. However, as endothelial nitric oxide synthase (NOS) derives NO
and is involved in vasodilation and protection from thrombosis, a pa-
thophysiological link to aSAH is reasonable [58]. Increasingly knowl-
edge of genetic risk factors for aneurysm rupture made lead to more
individualised approaches to management of people with aneurysms.

Some risk factors were associated with an increased risk of aSAH in
women but not in men. Clotting factor XIII gene haplotypes H2 & H3
were associated with the risk of aSAH in women but not men. In the
same study, Ladenvall et al. reported carriers of FXIII 34Leu allele were
also associated with the risk of aSAH more in women than in men [35].
Coagulation factor XIII induces cross-linking of fibrin for strengthening
the thrombus and wound healing [59]. The variation in 9p21 (lead
SNPrs10757278) was also a risk factor for aSAH in women. The asso-
ciation between 9p21 and cerebral aneurysm, aortic aneurysms, cor-
onary artery disease, and ischaemic stroke has been observed in pre-
vious studies [60–62]. The authors of these studies did not explore why
these particular factors may increase risk in women but not men. We
hypothesize that statistical power may have contributed as these studies
tended to include more women (74%) than men. In some studies, there
were trends towards an association in men, but these failed to reach
significance. Larger samples, potentially through individual participant
data analyses, may be required to examine these sex differences in
detail. The differences in genetic variations could potentially explain
the sex differences in aSAH. With replication of these findings in larger
datasets, genetic risks for aSAH hold promise as tools to identify people
with aneurysms at high risk of rupture that should undergo securement.

Some risk factors had inverse association with the risk or odds of
aSAH in men and women. High levels of AST were associated with a
reduced risk of aSAH in men for reasons that are not clear [31]. Dia-
betes mellitus decreased the risk of aSAH in women but not men, al-
though a similar non-significant trend was noted in men. Others have
suggested that people with diabetes might have a greater risk of dying
from other causes and thus the chances of SAH occurrence is less [6].
Diabetics have higher BMI which is associated with a lower risk of
aSAH [12] for reasons that are not clear. Diabetics may change their
lifestyles through healthier diets and be more likely to take medications
for hypertension [63] which might prevent the rupture of the an-
eurysm. There were some factors that were not found to be associated
with risk of aSAH in either sex, including former smoking, coronary
artery disease, hypercholesterolemia, hypertriglyceridemia, liver dis-
ease and urea nitrogen.

There were several limitations of our study. Firstly, only published
data was used, and therefore, some studies that were unpublished be-
cause of negative findings may have been missed. Secondly, many
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important risk factors were not addressed separately in men and women
such as life style factors (e.g. BMI, physical activity), environmental
factors (e.g. seasonal fluctuations, pollution), ethnicity, and anatomical
location and morphology of aneurysm. Most studies based on risk fac-
tors, did not aim to find sex differences in risk factors for aSAH. There
were very few studies for each risk factor; therefore, pooled estimates
might be underpowered to explore the sources of heterogeneity. All
studies showed that aneurysm presence was confirmed through angio-
graphic techniques or during surgery or at autopsy, but we included the
studies which mentioned presence of aneurysm in all cases but not the
means of how it was confirmed, which was another limitation. The
strengths of the study are use of the comprehensive list of risk factors in
our search strategy, systematic approach, wide time-period, and in-
clusion of studies with genetic risk factors.

In conclusion, it was surprising that not many risk factors for aSAH
differed between the sexes given the difference in incidence between
men and women. Many studies identified could not be included as the
data were not reported separately for men and women. There should be
efforts to undertake secondary analyses of these existing studies. This
will help us to understanding the risk factors for aSAH in men and
women and inform prevention efforts. It should be noted that the pre-
valence of unruptured intracranial aneurysms (UIA) is greater in
women than in men with prevalence ratio of 1.61(1.02–2.54) [64] and
earlier identification could alleviate the burden of aSAH incidence in
women. The clinical guidelines for UIA do not mention women as a
high-risk group [65]; a point to ponder over. We also recommend stu-
dies exploring aSAH risk factors linked to hormones, as these may assist
prevention and management of aneurysmal rupture in women but also
men. In the meantime, the management of known risk factors for aSAH
including hypertension, smoking and heavy alcohol consumption,
should be the focus of efforts to prevent aSAH in men and women.
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