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BACKGROUND AND PURPOSE: In previous studies, women had a higher risk of rupture of intracranial aneurysms than men, but 
female sex was not an independent risk factor. This may be explained by a higher prevalence of patient- or aneurysm-related 
risk factors for rupture in women than in men or by insufficient power of previous studies. We assessed sex differences in 
rupture rate taking into account other patient- and aneurysm-related risk factors for aneurysmal rupture.

METHODS: We searched Embase and Pubmed for articles published until December 1, 2020. Cohorts with available individual 
patient data were included in our meta-analysis. We compared rupture rates of women versus men using a Cox proportional 
hazard regression model adjusted for the PHASES score (Population, Hypertension, Age, Size of Aneurysm, Earlier 
Subarachnoid Hemorrhage From Another Aneurysm, Site of Aneurysm), smoking, and a positive family history of aneurysmal 
subarachnoid hemorrhage.

RESULTS: We pooled individual patient data from 9 cohorts totaling 9940 patients (6555 women, 66%) with 12 193 unruptured 
intracranial aneurysms, and 24 357 person-years follow-up. Rupture occurred in 163 women (rupture rate 1.04%/person-
years [95% CI, 0.89–1.21]) and 63 men (rupture rate 0.74%/person-years [95% CI, 0.58–0.94]). Women were older (61.9 
versus 59.5 years), were less often smokers (20% versus 44%), more often had internal carotid artery aneurysms (24% 
versus 17%), and larger sized aneurysms (≥7 mm, 24% versus 23%) than men. The unadjusted women-to-men hazard ratio 
was 1.43 (95% CI, 1.07–1.93) and the adjusted women/men ratio was 1.39 (95% CI, 1.02–1.90).

CONCLUSIONS: Women have a higher risk of aneurysmal rupture than men and this sex difference is not explained by differences 
in patient- and aneurysm-related risk factors for aneurysmal rupture. Future studies should focus on the factors explaining 
the higher risk of aneurysmal rupture in women.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Approximately 3% of the general population has an 
unruptured intracranial aneurysm (UIA).1 Rupture 
of an intracranial aneurysm results in aneurysmal 

subarachnoid hemorrhage (aSAH), a subtype of stroke 
which carries a high morbidity and case fatality.2 UIA and 
aSAH occur more often in women than in men with over-
all 65% of the patients being women.1,3

In the decision whether to treat UIA with neurosurgical or 
endovascular treatment to prevent future aSAH, the risk of 
rupture and the risk of complications of preventive treatment 
have to be balanced.4 The 5-year risk of rupture of UIA can 
be assessed using the PHASES score (Population, Hyper-
tension, Age, Size of Aneurysm, Earlier Subarachnoid Hem-
orrhage From Another Aneurysm, Site of Aneurysm), which 
takes into account several patient- and aneurysm-related 
factors associated with rupture including geographic loca-
tion, hypertension, age, history of aSAH, aneurysm size, and 
location.5 The PHASES score is based on a pooled analysis 
of individual patient data from prospective cohort studies 
on rupture rates of UIAs and risk factors for rupture. In this 
pooled analysis, women had a higher risk of rupture, but in 
multivariable analysis, female sex was not an independent 
risk factor. Another meta-analysis including both retrospec-
tive and prospective studies reported a statistically signifi-
cantly higher rupture risk in women compared to men, but 
whether female sex was an independent risk factor could 
not be investigated because multivariable analysis was not 
possible due to lack of individual patient data.6 The higher 
risk of UIA rupture in women may therefore be explained 
by a higher prevalence of patient- or aneurysm-related risk 
factors for UIA rupture in women.

We performed a pooled analysis of individual patient 
data from prospective cohort studies to assess if sex is a 
risk factor for intracranial aneurysm rupture independent 
from other risk factors for rupture including the PHASES 
score, smoking, and a positive family history for aSAH.

METHODS
Search Strategy and Selection Criteria
We performed a systematic search of the Pubmed and Embase 
database to retrieve all studies on rupture risk published up 
to December 1, 2020. We used the keywords “(intracranial 

aneurysm(s) OR cerebral aneurysm(s) AND (risk of rupture 
OR aneurysm rupture OR risk factors OR rupture OR unrup-
tured OR subarachnoid hemorrhage) AND (follow up OR 
natural history OR natural course)” (Figure S1). In addition, 
we checked the reference list of all relevant publications for 
further eligible studies. We performed our systematic review 
and meta-analysis according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses recommendations 
and Meta-Analysis of Observational Studies in Epidemiology 
guidelines.7,8 We included studies that (1) used a prospective 
study design; (2) included at least 50 patients with UIA; and 
(3) studied the rupture rate of UIA and risk factors for aneu-
rysm rupture. There was no language restriction other than the 
requirement of an abstract in English. When multiple publica-
tions reported on the same study population, the most recent 
publication was used. One author (C.C.M.Z.) performed the 
literature search, checked the titles and abstracts for studies 
meeting the inclusion criteria. Next, full-text copies of eligible 
studies were reviewed.

In total, 2613 articles were screened (Figure 1). For the 
eligible studies meeting the inclusion criteria, we approached 
the research groups that performed these studies asking if 
they could provide us with their individual patient data. Only 
cohorts with available individual patient-level data were 
included in our meta-analysis. We found twelve studies that 
fulfilled the inclusion criteria,9–19 and 9 research groups pro-
vided us with their individual patient data.12–19 One of these 
population-based cohort studies on UIA, did not report on 
family history,20 but its authors could provide data includ-
ing data on family history for aSAH for a selection of cases. 
These were data on patients with UIA collected between 
1980 and 2017 from the IA database of Neurosurgery of 
Kuopio University Hospital and included 1181 patients with 
1653 UIA, of whom 693 were women. The 9 cohorts are 
listed in Table 1, and the baseline characteristics of patients 
in all separate cohorts are listed in Table S1. Quality assess-
ment of included cohort studies by QUIPS tool is shown in 
Table S2.

Data Extraction
Data requested for each patient of the different included stud-
ies were the following: age, sex, history of aSAH, smoking 
status, positive family history for aSAH, hypertension status, 
number of aneurysms, maximum diameter of aneurysms, aneu-
rysm location. These data were collected at baseline only and 
not at later time points. These data were recorded individually 
and also summarized in the PHASES score which includes data 
on the risk factors geographic location, hypertension, age, his-
tory of aSAH, aneurysm size, and location.5 Data requested for 
each patient during follow-up were the following: occurrence 
of rupture, date of rupture, data of a surgical or endovascu-
lar intervention, date of death, date of last follow-up assess-
ment, and whether a patient was lost to follow-up. A smoker 
was defined as a former or current smoker, and person with 
hypertension as a systolic blood pressure >140 mm Hg or dia-
stolic blood pressure >90 mm Hg or use of antihypertensive 
drugs. Individuals with a positive family history were defined as 
individuals with at least 2 affected first-degree relatives with 
aSAH whether or not in combination of first-degree relatives 
with UIA. The location of the aneurysm was classified as the 

Nonstandard Abbreviations and Acronyms

aSAH aneurysmal subarachnoid hemorrhage
ISUIA  International Study of Unruptured Intra-

cranial Aneurysms Investigators
PHASES  Population, Hypertension, Age, Size of 

Aneurysm, Earlier Subarachnoid Hemor-
rhage From Another Aneurysm, Site of 
Aneurysm

UIA unruptured intracranial aneurysm
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internal carotid artery, posterior communicating artery, anterior 
cerebral arteries (including the anterior cerebral artery, anterior 
communicating artery, and pericallosal artery), middle cerebral 
artery, or posterior circulation (including the vertebral artery, 
basilar artery, cerebellar arteries, and posterior cerebral artery). 
Patients with polycystic kidney disease and moyamoya disease 
were excluded. We predefined the primary end point as the rup-
ture of UIA.

Statistical Approach
Missing data were imputed for smoking, hypertension, and 
family history of aSAH within each cohort using the linear 

regression method (multivariable analyses). To assign values 
for these missing data, we performed multiple imputation cre-
ating 10 imputation datasets using all relevant prognostic fac-
tors and outcome. A sensitivity analysis was done by excluding 
participants for whom data were missing. In one study only 
data on current smoking was available but no data on former 
smoking, and therefore, in our analysis data on current smok-
ing was considered as current or former smoking.17 Fifty-seven 
Japanese patients were included both in the cohort of Morita 
et al14 and of Murayama et al,15 whereas 11 patients were 
included in both the cohort of Mensing et al13 and of Wermer 
et al.16 In the pooled analysis, these patients were removed 
from one of these cohorts. Categorical variables of baseline 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.
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characteristics were compared using the χ2 test. Continuous 
variables of baseline characteristics were compared among 
groups using the Mann-Whitney U test or the Student t test. A 
p≤0.05 was considered statistically significant. We pooled the 
individual patient data of the included studies and estimated 
sex-specific rupture rates for each cohort separately. In case 
of multiple UIAs, the largest UIA was used to categorize the 
patient regarding site and size of the aneurysm. In addition, we 
performed an aneurysm-based analysis where all UIAs were 
analyzed. Rupture rate was analyzed with a per-patient analysis 
and a per aneurysm analysis using a Cox proportional hazard 
regression model, adjusted for the PHASES score,5 smoking, 
and positive family history for aSAH. A 2-stage approach was 
used with random effect for cohort because we expected het-
erogeneity since studies were performed in different countries 
which used different treatment regimes, and a fixed effect 
for the PHASES score, smoking, and positive family history 
for aSAH. As a sensitivity analysis, we also performed a one-
stage model. Proportional hazard assumptions were checked in 
each individual cohort using diagnostics based on the scaled 
Schoenfeld residuals.21 Follow-up data for patients started at 
time of UIA diagnosis and patients were followed up until aneu-
rysmal rupture occurred. Patients were censored at the time of 
death, last follow-up assessment, or at the time of surgical or 
endovascular aneurysm treatment without preceding rupture. 
When patients underwent a surgical or endovascular aneurysm 
treatment, data from the period up to the time of the interven-
tion were included in the analysis, whereas data from the period 
after the intervention were not included. The data that support 
the findings of this study are available from the corresponding 
author upon reasonable request.

RESULTS
We pooled individual patient data from 9940 patients 
with 12 193 UIAs and 24 357 person-years follow-up 
using data from nine prospective cohort studies.12–20 
Studies were at low and moderate risk of bias. Baseline 
characteristics of patients are shown in Table 2. Data 
on patient characteristics was almost complete except 
for smoking which was available in 9705/9940 (98%), 
for hypertension which was available in 9853/9940 
(99%), and for family history of aSAH which was 

available in 9794/9940 (99%). Information on outcome 
measure was complete for all patients. The mean age 
was 61±12 years, 6555 patients (66%) were women, 
and patients came from Dutch (8%), Finnish (12%), 
Japanese (77%), and Swiss (4%) populations. Women 
were older (61.9 versus 59.5 years), less often smokers 
(20% versus 44%), and more often had internal carotid 
artery aneurysms (24% versus 17%) and larger aneu-
rysms (≥7 mm, 24% versus 23%) than men. There were 
more women than men in cohorts from Japan (67% 
versus 33%), the Netherlands (70% versus 30%), Swit-
zerland (77% versus 23%), whereas this difference was 
less pronounced in the cohort from Finland (58% ver-
sus 42%). The median PHASES score was the same in 
women (7.0 [range, 0–21]) and men (7.0 [range, 0–20]), 
and the mean PHASES score was 7.2±3.2 in women 
and 7.4±3.0 in men. In our pooled analysis, the mean 
follow-up time for women was 2.4±3.5 years (median: 
1.5 (0-52) year) and 2.5±3.7 years (median: 1.5 (0-50) 
year) for men. Preventive neurosurgical or endovascular 
treatment during follow-up occurred in 36% of women 
(median: 60 days) and in 37% of men (median: 61 
days). When assessing these characteristics per UIA, 
similar differences in characteristics were found (data 
not shown).

In 234 patients, rupture of the single, largest or 
another than the largest UIA occurred. Of these 234 
patients, 67 patients had multiple UIA, and in 226 of 
234 patients (97%), the single aneurysm (n=167) or the 
largest aneurysm in case of multiple aneurysms (n=59) 
ruptured. In 8 of the 67 patients with multiple aneurysm, 
another than the largest aneurysm ruptured. Of the 226 
patients in whom the single or largest UIA ruptured, 163 
were women (rupture rate 1.04%/person-years [95% 
CI, 0.89–1.21]), and 63 men (0.74%/person-years [95% 
CI, 0.58–0.94]). Characteristics of ruptured aneurysms 
are shown in Table 3.

The unadjusted women-to-men hazard ratio was 1.43 
(95% CI, 1.07–1.93). After adjustment for the PHASES 
score, smoking, and positive family history for aSAH, 
the women-to-men hazard ratio was slightly lower 

Table 1. Baseline Characteristics of Included Studies

Study Country
Recruitment 
period

No. of 
patients

No. of 
UIA Women (%)

Mean age in 
years (range)

Median follow-up 
in years (range)

No. of UIA rupture 
during follow-up

Juvela et al12 Finland 1956–1978 140 179 75 (54) 42 (15–61) 21.0 (0–52) 33

Lindgren et al20 Finland 1977–2016 1181 1658 693 (59) 56 (16–85) 0.5 (0–23) 14

Mensing at al13 the Netherlands 1994–2016 474 633 320 (68) 56 (22–81) 0.8 (0–21) 10

Morita et al14 Japan 2001–2004 5702 6675 3779 (66) 63 (23–98) 1.0 (0–9) 111

Murayama et al15 Japan 2003–2012 1561 1942 1039 (67) 66 (25–100) 3.2 (0–11) 56

Wermer et al16 the Netherlands 2002–2004 93 125 70 (75) 51 (20–69) 2.2 (1–15) 1

Molenberg et al17 the Netherlands 1998–2017 198 257 145 (73) 56 (28–79) 1 (0.3–2) 1

Sonobe et al18 Japan 2000–2004 368 441 236 (64) 62 (23–89) 3.2 (0–7) 6

Gondar et al19 Switzerland 2006–2014 291 367 225 (86) 55 (20–91) 2.5 (0–13) 3

UIA indicates unruptured intracranial aneurysm.
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(1.39 [95% CI, 1.02–1.90]; Figure 2). In the sensitivity 
analysis on the subset of patients with no missing data 
for smoking, hypertension, and family history of aSAH 
(n=9566), we found similar but nonstatistically signifi-
cant results (Figure S2). We also performed a one-stage 
model which resulted in a hazard ratio of 1.36 (95% 
CI, 1.01–1.85). In the aneurysm-based analysis where 
all UIAs were analyzed, the results were essentially the 
same (Figure 3).

DISCUSSION
In our pooled analysis of individual patient data from 
prospective cohort studies, we found that women have 
a higher risk of aneurysmal rupture, and this increased 
rupture risk for women is not explained by differences 
in patient- and aneurysm-related risk factors for aneu-
rysmal rupture, being risk factors of the PHASES score, 
smoking, and a positive family history for aSAH.

Some of the risk factors for rupture were more often 
present in women, but others in men. As the patient- and 
aneurysm-related risk factors for which we corrected in 
our analysis, do not explain the increased rupture risk in 
women, additional factors contributing to the increased 

risk remain to be detected. We had no data on the shape 
of the aneurysm in our data set. Because aspect ratio 
and irregular aneurysm shape are also known factors for 
UIA rupture,22,23 a higher prevalence of irregular aneu-
rysms in women than in men may contribute to the sex 
difference in rupture, but it is unlikely that such a differ-
ence would explain the sex difference in rupture com-
pletely. Because we could not find data in the literature 
on sex differences regarding shape of the aneurysms, it 
is currently unknown if or to what extent differences in 
shape of aneurysms between women and men play a 
role in the higher rupture risk in women.

Additional factors explaining the sex difference in 
risk of UIA rupture may be female-specific hormonal 
and reproductive factors. A previous systematic litera-
ture review on female risk factors for aSAH found an 
increased risk of aSAH for postmenopausal versus pre-
menopausal women although the pathophysiology of this 
effect and its influence on the difference in incidence 
of SAH between the sexes remains unclear.24 Alterna-
tively, female-specific genetic factors, such as genetic 
factors of the X-chromosome, sex-specific effects of 
environmental risk factors, such as smoking25 or other 
yet unknown clinical factors which occur more often or 

Table 2. Baseline Characteristics of Included Patients

Pooled data Women, n (%) Men, n (%) Total, n (%)
Women-to-men difference* 
(95% CI)

No. of patients 6555 3385 9940  

Mean age (range) 61.9 (15 to 100) 59.5 (16 to 94) 61.1 (15 to 100) 0.004 (0.003 to 0.005)

Hypertension† 2913 (44) 1431 (42) 4344 (44) 0.019 (0.000 to 0.038)

Ever smoker† 1330 (20) 1500 (44) 2830 (29) −0.264 (−0.284 to −0.244)

Previous aSAH 405 (6) 188 (6) 593 (6) 0.025 (−0.014 to 0.64)

Positive family history for aSAH† 676 (10) 316 (9) 992 (10) 0.028 (−0.003 to 0.059)

Population 0.061 (0.045 to 0.078)

 Finnish 768 (12) 553 (16) 1321 (13)  

 Japanese 5035 (77) 2539 (75) 7574 (76)  

 Dutch 527 (8) 227 (7) 754 (8)  

 Swiss 225 (4) 66 (2) 291 (3)  

Multiple aneurysms 1466 (22) 552 (16) 2018 (20) 0.083 (0.06 to 0.106)

Aneurysm size 0.010 (−0.003 to 0.023)

 <7.0 mm 4951 (76) 2589 (77) 7540 (76)  

 7.0–9.9 mm 887 (14) 475 (14) 1326 (14)  

 10.0–919.9 mm 618 (9) 266 (8) 884 (9)  

 >20.0 mm 99 (2) 55 (2) 154 (2)  

Aneurysm location −0.043 (−0.055 to −0.031)

 Internal carotid artery 1551 (24) 584 (17) 2135 (22)  

 Middle cerebral artery 2305 (35) 1242 (37) 3547 (36)  

 Anterior circulation or posterior circulation 2699 (41) 1559 (46) 4258 (43)  

PHASES score (median, range, mean, SD) 7.0 (0–921) 7.2±3.2 7.0 (0–920) 7.4±3.0 7.0 (0–921) 7.2±3.1 −0.005 (−0.008 to −0.002)

aSAH indicates aneurysmal subarachnoid hemorrhage; and PHASES, Population, Hypertension, Age, Size of Aneurysm, Earlier Subarachnoid Hemorrhage From 
Another Aneurysm, Site of Aneurysm.

*Unadjusted.
†Data are missing for hypertension in 87 persons (1%), for smoking in 235 persons (2%), and for family history of aSAH in 146 persons (1%).

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.035187
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have stronger effect in women than in men may explain 
the difference.

Our study has several strengths. It includes a large 
data set with individual patient data from several cohorts 
including risk factors for aneurysmal rupture. Also, almost 
all study cohorts included in this meta-analysis showed 
a higher rupture rate in women compared to men. This 

means that our data are consistent and generalizable for 
both Asian and European countries.

A first limitation of this study is that selection bias 
may have occurred due to informative censoring (loss to 
follow-up) within each cohort study. If men were treated 
more aggressively during follow-up than women for 
example upon growth of the UIA, which is associated 

Table 3. Characteristics of Ruptured Intracranial Aneurysms, per Aneurysm

Pooled data Women, n (%) Men, n (%) Total, n (%) P value

No. of ruptured IA 169 65 234  

 Largest IA ruptured* 163 63 226  

 Not largest IA ruptured 6 2 8  

Mean age (range) 64.2 (23-93) 61.2 (28-87) 63.4 (23-93) 0.19

Hypertension 89 (53) 31 (48) 120 (52) 0.50

Ever smoker 28 (17) 33 (51) 61 (26) <0.001

Previous aSAH 28 (17) 12 (19) 40 (17) 0.73

Positive family history for aSAH 18 (11) 8 (12) 26 (11) 0.72

Population 0.20

 Finnish 30 (18) 17 (26) 47 (20)  

 Japanese 129 (76) 43 (66) 172 (74)  

 Dutch 9 (5) 3 (5) 12 (5)  

 Swiss 1 (1) 2 (3) 3 (1)  

Multiple aneurysms 51 (30) 16 (25) 67 (29) 0.40

Aneurysm size 0.33

 <7.0 mm 79 (47) 34 (52) 113 (48)  

 7.0–9.9 mm 35 (21) 7 (11) 42 (18)  

 10.0–19.9 mm 40 (24) 16 (25) 56 (24)  

 >20.0 mm 15 (9) 8 (12) 23 (10)  

Aneurysm location 0.15

 Internal carotid artery 26 (15) 4 (6) 30 (13)  

 Middle cerebral artery 45 (27) 21 (32) 66 (28)  

 Anterior circulation or posterior circulation 98 (58) 40 (62) 138 (59)  

PHASES score (median, range, mean, SD) 9.0 (2–919) 10.1±4.0 9.0 (4–920) 10.4±3.9 9.0 (2–920) 10.3±4.0 0.60

aSAH indicates aneurysmal subarachnoid hemorrhage; IA, intracranial aneurysm; and PHASE, Population, Hypertension, Age, Size of Aneu-
rysm, Earlier Subarachnoid Hemorrhage From Another Aneurysm, Site of Aneurysm.

*In case of multiple aneurysms, the largest aneurysm was used for analysis.

Figure 2. Hazard ratio of the rupture rate in women compared to men adjusted for the  PHASES score (Population, 
Hypertension, Age, Size of Aneurysm, Earlier Subarachnoid Hemorrhage From Another Aneurysm, Site of Aneurysm), smoking 
and positive family history of aneurysmal subarachnoid hemorrhage, analyzing the data per patient.
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with a higher risk of rupture,26 this may have led to selec-
tion bias. However, we found no difference in preventive 
neurosurgical or endovascular treatment during follow-
up between men and women as it was done in 36% of 
women (median: 60 days) and in 37% of men (median: 
61 days). Therefore, it is unlikely that differences in 
preventive treatment have influenced our results con-
siderably. Second, in most studies, we only had data on 
smoking at the time of UIA detection but not for smoking 
status during follow-up. As a previous study showed that 
continuation of smoking is a significant risk factor for UIA 
rupture, no conclusions can be drawn about the effect 
of a change in smoking status after aneurysm detection 
during follow-up on our outcomes.27 Cessation of smok-
ing might have occurred more often in men during fol-
low-up compared to women. Similarly, in most studies, we 
only had data on hypertension at time of UIA detection 
and not during follow-up. Better control of blood pres-
sure might have been achieved in men during follow-
up compared with women. Third, although 9 research 
groups12–20 provided us with their individual patient data, 
3 research groups9–11 were not able to do so, which 
could possibly lead to a bias. However, the population 
characteristics between the three cohorts not included 
(Matsumoto et al9: 63% female, Güresir et al10: 78% 
female, and ISUIA [International Study of Unruptured 
Intracranial Aneurysms Investigators]11: 75% female) 
and rupture risk (Matsumoto et al9: 6/111 patients, all 
female; Güresir et al10: 3/263 patients, all female; and 
ISUIA11: 51/1692, sex unknown) differed not much from 
those of the nine cohorts analyzed (66% [range, 54–86] 
female), and therefore, do not think that such a potential 
bias influences our conclusions. Fourth, in our analysis, 
patients from Japanese populations were overrepre-
sented (77%) compared to Dutch (8%), Finnish (12%), 
and Swiss (4%) populations. Except for a small study 
in the Swiss population, in all populations, a higher risk 
of rupture for women compared to men was found, so 
we think our results are generalizable to all populations. 

Fifth, in our study, we performed patient-level analysis, 
and in patients with multiple UIAs, we analyzed data of 
the largest UIA, which is not always the UIA that actually 
ruptures.28 However, in our analysis for rupture rate on 
aneurysm level, we found comparable results.

CONCLUSIONS
Our results show that UIAs in women have a higher rup-
ture risk than UIAs in men, which is not explained by dif-
ferences in patient- and aneurysm-related risk factors for 
aneurysmal rupture, being risk factors of the PHASES 
score, smoking, and a positive family history for aSAH. 
When assessing the risk of rupture of UIAs in women, 
this higher risk should be taken into account and a more 
aggressive treatment approach in women as compared 
to men is justified. Future studies should focus on the 
identification of the factors explaining the higher rupture 
risk of UIA in women, such as different approach dur-
ing follow-up, female-specific hormonal and reproductive 
factors, or female-specific genetic and environmental 
risk factors.
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