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TThhee  iinnffoorrmmaattiioonn  iinn  tthhiiss  ddooccuummeenntt  iiss  pprroovviiddeedd  aass  iiss  aanndd  nnoo  gguuaarraanntteeee  oorr  wwaarrrraannttyy  iiss  ggiivveenn  tthhaatt  

tthhee  iinnffoorrmmaattiioonn  iiss  ffiitt  ffoorr  aannyy  ppaarrttiiccuullaarr  ppuurrppoossee..  TThhee  uusseerr  tthheerreeooff  uusseess  tthhee  iinnffoorrmmaattiioonn  aatt  iittss  

ssoollee  rriisskk  aanndd  lliiaabbiilliittyy..  IIttss  oowwnneerr  iiss  nnoott  lliiaabbllee  ffoorr  ddaammaaggeess  rreessuullttiinngg  ffrroomm  tthhee  uussee  ooff  eerrrroonneeoouuss  oorr  

iinnccoommpplleettee  ccoonnffiiddeennttiiaall  iinnffoorrmmaattiioonn..  
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EEXXEECCUUTTIIVVEE  SSUUMMMMAARRYY  

This systematic review of reviews identifies good quality systematic reviews of studies of 
factors that might influence the risk of rupture of an intracranial aneurysm. It updates an 
earlier version, prepared in 2007 (which was based on literature searches done in 2006) 
through a repeat of those searches and an assessment of the retrieved articles in 2008. It 
provides data that can be used in other parts of the @neurIST project and confirms the 
importance of collecting these patient characteristics within the common data structure that 
has been developed for @neurIST. 
 
The main sources used to identify systematic reviews for both the original review and this 
update were the two main indexed bibliographic databases of research in health and health 
care, namely PubMed and EMBASE. Special search strategies were designed and used to 
search these in 2006 for the earlier version of this review. Approximately 2000 records were 
retrieved at that time. The search strategies were modified for this update based, in part, on 
feedback from others in @neurIST and the new searches retrieved a further 2500 records, 
after attempts to remove records that had been retrieved in 2006. The records were checked 
and to minimise the possibility that relevant articles would be missed because of insufficient 
information in the title and abstract, more than 400 full text articles were obtained. These 
were read in order to identify systematic reviews of studies that had assessed the risk of 
subarachnoid haemorrhage in patients already known to have an unruptured intracranial 
aneurysm and systematic reviews of studies in people who had the subarachnoid 
haemorrhage when there was no prior knowledge of an unruptured intracranial aneurysm. 
 
This process, coupled with a check of the reference lists of the identified reviews to identify 
any other potentially relevant reviews that had been missed by the PubMed and EMBASE 
searches yielded a total of 67 systematic reviews of risk factors for the rupture of intracranial 
aneurysms, investigating 24 different risk factors. These were reported in 27 separate 
articles. This is an increase over the earlier version of this review when 16 articles, reporting 
46 systematic reviews covering 24 different risk factors were included. The quality of each of 
the systematic reviews was assessed, and this information along with a summary for each of 
the reviews will be included in the next update of this review in December 2008.  
 
If the original review reported a numerical estimate of the relationship between the risk of 
subarachnoid haemorrhage and the risk factor or patient characteristic, this was extracted 
and is included in this report. These estimates can be used in models being developed in 
other parts of the @neurIST project (e.g. @neuRisk) to use a patient’s characteristics to 
predict their risk for the rupture of an intracranial aneurysm. 
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11  IInnttrroodduuccttiioonn  

This systematic review of reviews updates an earlier version and seeks to identify good 
quality systematic reviews of studies of factors that might influence the risk of rupture of an 
intracranial aneurysm, published before the second quarter of 2008. It draws on existing 
systematic reviews, rather than seeking to conduct new reviews of individual research 
studies because of the very large number of such studies and the wide range of risk factors 
that have been researched in these. The necessary reviews would require resources that are 
beyond the scope of @neurIST but the increasing number of systematic reviews in the 
healthcare literature[1] make them a logical place to start for compiling data on risk factors 
and their associated risks. The increase in the number of eligible systematic reviews in the 
two years since the original searches were done bears testament to this in the case of 
subarachnoid haemorrhage. By way of example of the size of the literature on causes of 
subarachnoid haemorrhage, preliminary searches of EMBASE for this update retrieved 
approximately 1100 records indexed with the index term “Subarachnoid Hemorrhage / 
etiology” and 400 for “Brain Artery Aneurysm / etiology”. While, a search of PubMed for 
records that contain the index terms "Intracranial Aneurysm" or "Subarachnoid Hemorrhage" 
along with "Risk factors" finds nearly 1000 records. It should be remembered that these 
numbers are likely to be underestimates of the true number of articles relevant to the risks of 
subarachnoid haemorrhage since many such articles will not have been indexed with these 
terms. 
 
This report describes the methods for this systematic review of reviews and then presents 
the evidence for each factor for which at least one relevant review was found. Information is 
provided on the scope and quality of the identified reviews and their conclusions, for each of 
the factors for which at least one review was identified. If a meta-analysis was reported within 
a review, in which the results of the individual studies had been combined to obtain a 
summary estimate of the relationship between a risk factor and subarachnoid haemorrhage, 
these data were extracted and are reported, along with their precision (where available), in 
the body of the text, Tables 2 and 3, or both. These estimates are usually given as relative 
risks but, in some cases, an odds ratio was reported and this is included in this review. 

  

22  BBaacckkggrroouunndd  

This updated systematic review of reviews of risk factors for the rupture of intracranial 
aneurysms is part of Work Package 2 for @neurIST. It builds on an earlier version 
(deliverable D18), a shorter version of which has been published[2]. The findings of this 
updated review should help those involved in Work Package 4, who are developing the 
@neuRisk tool to estimate the risk of rupture for patients with an intracranial aneurysm. This 
can use, in particular, the numerical estimates of the risks associated with certain prognostic 
factors or patient characteristics provided here.  
 
This systematic review of systematic reviews of risk factors repeated the methods used in 
the earlier version. These are based on the methods recommended by The Cochrane 
Collaboration for systematic reviews of the effects of healthcare interventions[3]. The 
Cochrane Collaboration is the world’s largest organisation dedicated to the preparation and 
maintenance of such reviews but does not itself conduct systematic reviews of risk factors or 
prognosis[4]. The methods for this type of systematic review of reviews of risk factors and 
prognosis were refined in earlier projects in breast cancer[5] and the prediction of pre-term 
birth[6]. The next update of this review, due in December 2008, will include a standardised 
summary of each included review (akin to that appended to the earlier version) along with 
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summary information on the dozens of other systematic reviews of issues relevant to the 
management of subarachnoid haemorrhage. These include systematic reviews (with 
illustrative examples provided as references) of diagnosis[7,8], treatment[9,10,11], follow-
up[12,13,14], the formation of second de novo aneurysms after a subarachnoid 
haemorrhage[15], and the relationship between risk factors and a poor outcome[16,17,18]. 

  

33  MMeetthhooddss  

PubMed and EMBASE were the main resources used in this review to identify research into 
risk factors for subarachnoid haemorrhage. These are indexed bibliographic databases of 
research articles in health and healthcare containing more than 20 million unique articles 
between them. Specially developed searches for each database were developed in 2006 by 
an information specialist at the UK Cochrane Centre (Anne Eisinga), who revised these 
searches in 2008 based, in part, on feedback from within @neurIST. The searches were 
designed to identify systematic reviews of risk factors for subarachnoid haemorrhage. These 
included both systematic reviews that assessed the risk of subarachnoid haemorrhage in 
patients who were previously known to have an unruptured intracranial aneurysm and 
systematic reviews of studies in people who had the subarachnoid haemorrhage without 
prior knowledge of an unruptured intracranial aneurysm.  
 
The criteria for a “systematic review” in both this update and the earlier version are that the 
published research article had to describe methods that involved comprehensive searching 
for studies, the application of inclusion criteria through an appraisal of the included studies 
and some attempt to synthesize the findings of these studies to provide a summary (ideally a 
numerical estimate) of the relationship between a patient characteristic or other factor and 
subarachnoid haemorrhage. If systematic reviews of research into the prevalence of 
unruptured intracranial aneurysm, the causes of unruptured intracranial aneurysms or risk 
factors associated with the formation of unruptured intracranial aneurysms were identified, 
these are also described in this report. 
 
In May 2006, MEDLINE was searched via PubMed using the following search string: 
(subarachnoid haemorrhag*[Text Word] OR "subarachnoid hemorrhage"[MeSH Terms] OR 
subarachnoid hemorrhag*[Text Word]) AND systematic[sb]. The term systematic[sb] refers to 
a subset of terms designed to retrieve systematic reviews. The most recent search of 
PubMed was done in May 2008, with the following terms: "Subarachnoid Hemorrhage/ OR 
Intracranial Aneurysm/", limited to the subset "Systematic reviews".  
 
The search string used to search EMBASE (using OvidWeb) in May 2006 was: 
"(Subarachnoid Hemorrhage/ OR subarachnoid h?emorrhag$.tw.) AND (review.pt. OR 
review/ OR meta analysis/ OR "systematic review"/ OR review$ OR meta?analy$ OR 
overview$).tw." In May 2008, the most recent search of EMBASE (again using OvidWeb) 
used the following search strings (with a limit for humans only): "exp Subarachnoid 
Hemorrhage/ AND (Review.pt. OR Review/ OR Meta analysis/ OR "Systematic review"/ OR 
(review$ or meta?analy$ or overview$).mp.)" which was limited to records added to the 
database from 2006 onwards, along with "exp Intracranial Aneurysm/ AND (Review.pt. OR 
Review/ OR Meta analysis/ OR "Systematic review"/ OR (review$ or meta?analy$ or 
overview$).mp.". A simplified version of the EMBASE search had also been run in 2006, 
using the EMTREE term "systematic review" in combination with (Subarachnoid 
Hemorrhage/ OR subarachnoid h?emorrhag$.tw.). This generated a much smaller set of 
EMBASE records but, as discussed in the earlier version of this review, many eligible 
reviews were not retrieved and this restricted search was not used again in 2008. 
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The original search in May 2006 and the most recent search in May 2008 did not include any 
publication date or language restrictions. They were therefore able to pick up any relevant 
literature from the earliest years for PubMed and EMBASE. With regard to language, it is 
important to note that despite the avoidance of limits based on language within the search, 
the inclusion of health literature in both databases favours articles published in English over 
those published in other languages[19]. 
 
Good practice in systematic reviews, supported by empirical evidence[20], is that the records 
retrieved by database searching should be checked by two people working independently. 
This minimises the possibility that records will be missed in error. In this review, as in the 
earlier version, the checking of records was done twice by the author with an interval of at 
least four weeks between the two checks. In addition, the records from PubMed and 
EMBASE were not merged and de-duplicated, reducing further the possibility that an eligible 
record would be missed (if it was present in both databases). In order to minimise the 
possibility that potentially eligible systematic reviews would be overlooked because of 
insufficient information in the title and abstract a cautious approach was also adopted in 
excluding records as irrelevant. Where a record clearly related to a review article, but not 
necessarily one that was a systematic review, the full text of the article was retrieved and 
checked for relevance. The reference lists of articles retrieved in full were also checked for 
potentially relevant systematic reviews.  
 
After determining that a review was eligible, the following information was recorded: 

• Search strategy used to identify studies for the review, including any restrictions for, 
for example, language or publication year. 

• Eligibility criteria used for the review. 
• Source of data for any analyses included in the review (for example, were the original 

authors contacted for unpublished data or were individual participant data collected 
centrally?). 

• Strategies to deal with publication or selective reporting bias and any discussion of 
the potential impact of these biases on the review. 

• Discussion of the potential impact of heterogeneity on any meta-analyses done within 
the review. 

• Conduct of any sensitivity analyses in relation either to the numerical estimates from 
any meta-analyses or to the conclusions drawn from the review’s findings. 

 
In general, the quality of the systematic reviews was good. Data were extracted from meta-
analyses in the eligible reviews that related to estimates of the numerical relationship 
between the risk factor and subarachnoid haemorrhage, ideally as a relative risk or, failing 
that, odds ratios. These estimates were given as either the risk in particular groups of people 
(e.g. for men and women, or different sizes of aneurysm, separately) or as a comparison of 
the risk among different groups (e.g. for women compared to men, or small compared to 
large aneurysms). Most of the meta-analyses were based on aggregate data that usually 
relied solely on information extracted from the published reports of the individual studies but 
was sometimes supplemented by unpublished data provided to the reviewers. One of the 
included reviews used centrally collected individual participant data. This is the large project 
of the Asia Pacific Cohort Studies Collaboration, which investigates a variety of 
cardiovascular outcomes[21,22]. 
 
To minimise the possibility of errors, the data extraction and assessment of each eligible 
review was done twice by the author. The interval between these assessments was at least 
three weeks. The second extraction was done without access to the information from the 
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first. Additional information was not sought from the authors of the original reviews or the 
studies they included. 
 

44  SSyysstteemmaattiicc  rreevviieewwss  iiddeennttiiffiieedd  

In May 2006, the original PubMed search retrieved 120 records, the full EMBASE search 
retrieved 1928 records and the shorter EMBASE search retrieved a subset of 35 records 
from these 1928. The final searches for this update (in May 2008) retrieved 145 records from 
PubMed and 2339 from EMBASE. Each of these records was checked twice by the author, 
with no de-duplication in advance to minimise the possibility of overlooking the records for 
eligible reviews. A much larger number of full text articles were obtained for this update, 
compared to my earlier review. This was to minimise the possibility that eligible reviews 
would be missed because of insufficient information in their title and abstract. A total of 417 
full text articles have been obtained and checked by September 12 2008. 
 
This systematic review covers reviews of risk factors for the rupture of intracranial 
aneurysms, but the searches also captured many systematic reviews of other issues relevant 
to the management of intracranial aneurysms and subarachnoid haemorrhage. As noted 
above, these include reviews of diagnosis, treatment, follow-up, the formation of second de 
novo aneurysms after a subarachnoid haemorrhage, and the relationship between risk 
factors and a poor outcome. The next update of this review will include information on this 
wide range of systematic reviews, so as to provide a comprehensive systematic review of 
systematic reviews of research relating to intracranial aneurysms and subarachnoid 
haemorrhage. This might contribute to other aspects of @neurIST, including the project’s 
information tools.  
 
In the earlier version of this systematic review, the PubMed and EMBASE searches and the 
checking of their reference lists identified a total of 46 systematic reviews of risk factors for 
the rupture of intracranial aneurysms, covering 24 different risk factors. These were reported 
in 16 separate articles. This update brings the total numbers up to 67 systematic reviews, of 
24 risk factors in 27 separate articles; with the removal of two articles and the addition of 13. 
 
Table 1 lists these risk factors and the references for the associated articles that had been 
identified by September 12 2008. These are presented in the same order as in the earlier 
version of the review: patient characteristics which cannot be changed by an intervention; 
followed by characteristics of their aneurysm, clinical and medication history, family history 
and genetic factors; and finally factors relating to the time, day and month or season of the 
subarachnoid haemorrhage. Many reviews of published case reports were identified but 
these are not included in this report. As an example, one review of HIV and AIDS was 
identified and described in the earlier version of this review. This contained a discussion of 
the possible association between the formation of cerebral aneurysms and HIV in children, 
giving a brief description of each of 14 patients identified in nine separate papers in the 
literature[23]. Similarly, systematic reviews of risk factors for intracerebral haemorrhage 
where data were not reported at the level of either intracranial aneurysms or subarachnoid 
haemorrhage are not included. As an example of such a review, Aguilar et al investigated 
intracerebral haemorrhage following warfarin[24]. 
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Factor Number of eligible reviews References 
Sex 5 25,26,27,28,29 

Age 4 26,27,28,29 

Ethnicity 4 25,27,29,30 

Site of aneurysm 4 26,27,29,31 

Size of aneurysm 3 26,27,29 

Symptoms before the SAH 3 26,27,29 

Previous SAH 1 27 

Blood pressure 4 30,32,33,34 

Cholesterol 3 30,32,33 
Diabetes 1 30 

Body mass index 3 30,32,33 
Polycystic kidney disease 4 26,35,36,37 

Smoking 5 30,32,33,34,38 
Alcohol 4 30,32,33,34 
Aspirin 1 39 

Thrombolysis 1 40 

Oral contraceptives 5 30,32,41,42,43 
Hormone replacement therapy 2 30,32 

Spinal manipulation 1 44 

Physical activity 2 30,45 

Family history of SAH 1 26 

Apolipoprotein E gene 1 46 

Other genetic factors 3 47,48,49 

Time of day, weekday or season 2 50,51 

Table 1: Risk factors and systematic reviews identified 

The following section of this report provides a summary of the evidence from these reviews 
in the order used in Table 1. If a review had been superseded by an update from the same 
research group or by a more comprehensive review by another group, this is noted and the 
earlier reviews are not discussed in detail.  
 

55  RRiisskk  ffaaccttoorrss  

The findings of the systematic reviews are presented below on the basis of the risk factors, 
rather than the systematic reviews. Where available from the original reviews, estimates for 
the effects of the different risk factors are given in Tables 2 and 3. These include more than 
one value for some of the risk factors, if more than one systematic review of moderate to 
high quality reported on the same factor (sometimes subdividing the risk groups in different 
ways, using a different reference standard or dividing the data on the basis of sex). If 
@neurIST requires the differences between these values, and their underlying reviews, to be 
assessed in more detail (for example, by unpicking the reviews into their constituent studies) 
this could be done after the next update of this review is prepared. Tables 2 and 3 do not 
include estimates for some of the risk factors that are discussed below because of the lack of 
relevant information in the relevant reviews. These include polycystic kidney disease, aspirin 
and family history of subarachnoid haemorrhage. 
 
Factor Annual risk  

(95% CI) 
Relative risk  
(95% CI) 

Ref 

Sex 
Men 1.4% (not reported) - 29 
Women 2.3% (not reported) - 29 
Women compared to men 1.6 (1.1 to 2.4) 29 
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Age 
20-39 years 1.4% (not reported) - 29 
40-59 years 1.3% (not reported) - 29 
60-79 years 2.7% (not reported) - 29 
20-39 years compared to 40-59 years 1.1 (0.5 to 2.2) 29 
60-79 years compared to 40-59 years 2.0 (1.1 to 3.7) 29 
Site of aneurysm 
Anterior communicating artery 
(ACA) 

2.2% (not reported) - 31 

Anterior communicating artery 
(ACA) 

1.8% (not reported) - 29 

Internal carotid artery (ICA) 
including posterior 
communicating artery (Pcom) 

1.3% (not reported) - 29 

ICA excluding Pcom 1.0% (not reported) - 29 
Pcom 2.2% (not reported) - 29 
Middle cerebral artery (MCA) 1.2% (not reported) - 29 
Cavernous sinus (CS) 0.1% (not reported) - 29 
Posterior circulation (PC) 3.3% (not reported) - 29 
Posterior circulation (PC) 3.2% (2.0% to 5.0%) - 27 
Anterior circulation (PC) 1.8% (1.3% to 2.3%) - 27 
ACA compared to elsewhere in anterior circulation 2.5 (1.6 to 3.9) 31 
ACA compared to elsewhere in anterior or posterior circulation 2.0 (1.3 to 3.1) 31 
MCA compared to ICA including Pcom 1.4 (0.8 to 2.3) 29 
ICA excluding Pcom compared to ICA including Pcom 0.7 (0.4 to 1.6) 29 
PCom compared to ICA including Pcom 1.7 (0.8 to 3.8) 29 
MCA compared to ICA including Pcom 0.9 (0.6 to 1.5) 29 
CS compared to ICA including Pcom 0.1 (0.0 to 0.3) 29 
PC compared to ICA including Pcom 2.5 (1.6 to 4.1) 29 
PC compared to AC 2.3 (1.4 to 3.7) 27 
Size of aneurysm 
< 5 mm 0.5% (not reported) - 29 
< 7 mm 0.4% (not reported) - 29 
5-10 mm 1.2% (not reported) - 29 
<10 mm 1.5% (1.0% to 2.2%)a - 27 
>10 mm 1.5% (not reported) - 29 
>10 mm 9.3% (6.4% to 13%) a - 27 
>12 mm 3.9% (not reported) - 29 
>15 mm 6.1% (not reported) - 29 
5-10 mm compared to <5 mm 2.3 (1.0 to 5.2) 29 
>10 mm compared to <5 mm 2.9 (1.5 to 5.7) 29 
>12 mm compared to <5 mm 7.5 (3.8 to 14.9) 29 
>15 mm compared to <5 mm 11.9 (5.5 to 25.8) 29 
>10 mm compared to <10 mm 6.4 (4.0 to 10.4) a 27 
Symptoms before subarachnoid haemorrhage 
Incidental 1.5% (not reported) - 29 
Asymptomatic 2.6% (2.1% to 3.1%) a - 27 
Symptomatic 6.6% (not reported) - 29 
Symptomatic 7.3% (3.5% to 13%) a - 27 
Additional 1.5% (not reported) - 29 
Symptomatic compared to incidental 4.4 (2.8 to 6.8) 29 
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Symptomatic compared to asymptomatic 2.1 (1.1 to 3.9)a 27 
Additional compared to incidental 1.0 (0.7 to 1.4) 29 
Previous subarachnoid haemorrhage (SAH) 
No previous SAH 2.7% (2.1% to 3.4%) a - 27 
Previous SAH 2.8% (1.8% to 4.0%) a - 27 
Previous SAH compared to no previous SAH 1.3 (0.9 to 2.0)a 27 
a Based on a review of Japanese studies. 

Table 2: Risk factors for rupture of a known intracranial aneurysm in the general population 

 
 
Factor Risk per 100,000 per year 

(95% CI) 
Relative risk  
(95% CI) 

Ref 

Sex 
Men 9.2 (8.4 to 10.2) - 28 
Women 11.5 (10.6 to 12.6) - 28 
Women compared to men 1.24 (1.09 to 1.42)a 28 
Age 
<25 years 2.0 (1.6 to 2.6) - 28 
25-35 years 7.7 (6.8 to 8.8) - 28 
35-45 years 10.5 (9.0 to 11.3) - 28 
45-55 years 19.5 (17.8 to 21.4) - 28 
55-65 years 24.8 (22.7 to 27.2) - 28 
65-75 years 25.4 (23.1 to 28.0) - 28 
75-85 years 26.2 (22.5 to 30.4) - 28 
>85 years 31.3 (24.6 to 39.8) - 28 
<25 years compared to 45-55 years 0.10 (0.08 to 0.14)a 28 
25-35 years compared to 45-55 years 0.40 (0.34 to 0.46)a 28 
35-45 years compared to 45-55 years 0.52 (0.44 to 0.60)a 28 
55-65 years compared to 45-55 years 1.27 (1.12 to 1.45)a 28 
65-75 years compared to 45-55 years 1.30 (1.14 to 1.49)a 28 
75-85 years compared to 45-55 years 1.34 (1.13 to 1.60)a 28 
> 85 years compared to 45-55 years 1.61 (1.24 to 2.07)a 28 
Sex and age 
< 25 years, women compared to men 1.36 (0.82 to 2.27)a 28 
25-35 years, women compared to men 0.67 (0.51 to 0.88)a 28 
35-45 years, women compared to men 0.65 (0.51 to 0.82)a 28 
45-55 years, women compared to men 0.91 (0.76 to 1.09)a 28 
55-65 years, women compared to men 1.15 (0.95 to 1.38)a 28 
65-75 years, women compared to men 1.26 (1.04 to 1.54)a 28 
75-85 years, women compared to men 1.50 (1.07 to 2.10)a 28 
> 85 years, women compared to men 0.84 (0.49 to 1.44)a 28 
Ethnicity 
“Non-white” compared to “white”, men 1.8 (0.8 to 4.2) 30 
“Non-white” compared to “white”, both sexes 3.4 (1.0 to 11.9)b 30 

People in Finland compared to elsewhere 2.7 (2.4 to 3.1) 25 
Japanese or Finnish compared to not Japanese or Finnish 3.4 (2.6 to 4.4) 29 
Blood pressure 
Systolic blood pressure ≥140 mm Hg compared to <140 mm 
Hg 

2.0 (1.5 to 2.7)c 33 

Hypertensive compared to not 3.1 (2.1 to 4.4)b 34 
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Hypertensive compared to not, both sexes 2.5 (2.0 to 3.1) 30 
Hypertensive compared to not, men 2.3 (1.8 to 3.0) 30 
Hypertensive compared to not, women 3.3 (2.1 to 5.3) 30 
Hypertensive compared to not 3.0 (2.4 to 3.8)b 34 

Hypertensive compared to not, both sexes 2.6 (2.0 to 3.1)b 30 

Hypertensive compared to not, men 2.1 (1.4 to 3.2)b 30 

Hypertensive compared to not, women 3.3 (2.6 to 4.3)b 30 

Cholesterol 
Cholesterol ≥4.5mmol/L compared to <4.5 mmol/L 0.9 (0.7 to 1.3)c 33 
Hypercholesterolemia compared to not, men 0.8 (0.6 to 1.3) 30 
Hypercholesterolemia compared to not, both sexes 0.6 (0.4 to 0.9)b 30 

Hypercholesterolemia compared to not, men 0.5 (0.2 to 1.9)b 30 

Hypercholesterolemia compared to not, women 1.2 (0.5 to 2.5)b 30 

Diabetes 
Diabetics compared to non-diabetics, both sexes 0.3 (0.0 to 2.2) 30 
Diabetics compared to non-diabetics, men 0.7 (0.1 to 4.7) 30 
Diabetics compared to non-diabetics, women 0 (0.0 to 2.9) 30 
Diabetics compared to non-diabetics, both sexes 0.7 (0.5 to 0.8)b 30 

Body mass index (BMI) 
BMI of ≥22 kg/m2 compared to <22 kg/m2 1.0 (0.7 to 1.3)c 33 
BMI of <22 kg/m2 compared to ≥ 22 kg/m2, men 0.4 (0.2 to 0.4) 30 
BMI of <22 kg/m2 compared to ≥22 kg/m2, both sexes 1.4 (1.0 to 2.0)b  30 

BMI of <22 kg/m2 compared to ≥22 kg/m2, women 1.1 (0.7 to 1.9)b 30 

Smoking 
Current smoking compared to not current smoking 2.4 (1.8 to 3.4)c 33 
Current smoking compared to not current smoking 3.2 (2.4 to 4.3) 34 
Current smoking compared to not current smoking 3.2 (2.5 to 4.1)b 34 

Current smoking compared to never smoking, both sexes 2.2 (1.3 to 3.6) 30 
Current smoking compared to never smoking, men 2.2 (1.7 to 3.0) 30 
Current smoking compared to never smoking, women 2.2 (1.7 to 2.8) 30 
Ever smoking compared to never smoking, both sexes 2.2 (1.1 to 4.5) 30 
Ever smoking compared to never smoking, men 1.4 (0.9 to 2.1) 30 
Ever smoking compared to never smoking, women 2.7 (1.8 to 4.1) 30 
Former smoking compared to never smoking, both sexes 1.9 (1.5 to 2.3) 30 
Current smoking compared to never smoking, both sexes 3.1 (2.7 to 3.5)b 30 

Current smoking compared to never smoking, men 5.2 (3.0 to 9.0)b 30 

Current smoking compared to never smoking, women 2.4 (1.4 to 4.0)b 30 

Ever smoking compared to never smoking, both sexes 3.1 (2.5 to 3.9)b 30 

Ever smoking compared to never smoking, men 3.4 (2.4 to 4.7)b 30 

Ever smoking compared to never smoking, women 2.6 (2.0 to 3.5)b 30 

Former smoking compared to never smoking, both sexes 2.3 (2.2 to 2.4)b 30 

Alcohol 
Current alcohol consumption compared to not 1.0 (0.7 to 1.4)c 33 
<150g/wk alcohol compared to none 2.0 (0.9 to 4.2)  34 
<150g/wk alcohol compared to none, both sexes 1.1 (0.8 to 1.6)  30 
<150g/wk alcohol compared to none, men 1.5 (0.9 to 2.5) 30 
<150g/wk alcohol compared to none, women 2.7 (1.2 to 5.9) 30 
≥150g/wk alcohol compared to none 2.5 (1.4 to 4.2)  34 
≥150g/wk alcohol compared to none, both sexes 2.1 (1.5 to 2.8)  30 
≥150g/wk alcohol compared to none, men 2.2 (1.5 to 3.2) 30 
≥150g/wk alcohol compared to none, women 4.0 (0.8 to 19) 30 
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<150g/wk alcohol compared to none 0.9 (0.6 to 1.3)b  34 

<150g/wk alcohol compared to none, both sexes 0.8 (0.7 to 0.9)b  30 

<150g/wk alcohol compared to none, men 0.5 (0.3 to 0.8)b 30 

<150g/wk alcohol compared to none, women 0.6 (0.4 to 1.0)b 30 

≥150g/wk alcohol compared to none 4.3 (2.5 to 7.4)b 34 

≥150g/wk alcohol compared to none, both sexes 1.5 (1.3 to 1.8)b  30 

≥150g/wk alcohol compared to none, men 4.5 (2.5 to 8.0)b 30 

≥150g/wk alcohol compared to none, women 5.0 (1.9 to 14)b 30 

Oral contraceptives 
Oral contraceptive use compared to non-use  1.4 (1.1 to 1.8) 43 
Current oral contraceptive use compared to never/former use 5.4 (0.7 to 44) 30 
Current oral contraceptive use compared to never/former use 0.8 (0.5 to 1.3)b,d 30 

Hormone replacement therapy 
Current HRT use compared to never/former use 0.6 (0.2 to 1.5) 30 
Current HRT use compared to never/former use 0.6 (0.4 to 0.8)b 30 

Physical activity 
Regular rigorous exercise compared to not, men 0.5 (0.3 to 1.0) 30 
Regular rigorous exercise compared to not, both sexes 1.2 (1.0 to 1.6)b 30 

Apolipoprotein E gene 
ε4 allele: odds of being a case compared to a control 1.4 (1.0 to 2.0)b 46 

ε2 allele: odds of being a case compared to a control 1.1 (0.8 to 1.8)b 46 

Time of day 
Onset during 00.00-06.00 compared to 12.00-18.00 0.45 (0.4 to 0.5) 50 
Onset during 06.00-12.00 compared to 12.00-18.00 1.2 (1.1 to 1.3) 50 
Onset during 06.00-11.59 compared to 00.00-05.59 3.2 (3.0 to 3.4) 51 
Onset during 12.00-17.59 compared to 00.00-05.59 2.6 (2.5 to 2.8) 51 
Onset during 18.00-23.59 compared to 00.00-05.59 2.3 (2.2 to 2.5) 51 
Weekday 
Sunday compared to Monday 1.2 (1.1 to 1.4) 51 
Season of the year 
Winter compared to summer 1.1 (1.0 to 1.2) 51 
Spring compared to summer 1.07 (1.0 to 1.1) 51 
a Incidence ratio reported, rather than relative risk 

b Odds ratio reported, rather than relative risk 
c Hazard ratio (from individual patient data meta-analysis), rather than relative risk 
d There is a possible error in the calculation of this odds ratio. In Figure 2D of the Feigin et al 
review[30], one of the included studies is shown as having a highly significant, strongly 
protective effect of oral contraceptive against subarachnoid haemorrhage. However, the 
result in the original report of the study is non significant (odds ratio: 0.5, 95% CI 0.2 to 
1.2)[52]. This has been brought to the attention of the authors of the review. 

Table 3: Risk factors for subarachnoid haemorrhage without prior knowledge of an aneurysm 

 

66  SSeexx  

Sex was identified as an important influence on the risk of subarachnoid haemorrhage in 
many of the eligible articles, and some of the reviews present results separately for men and 
women. If separate results were reported for men and women for risk factors discussed 
elsewhere in this report, this information is included at that point. 
 
The most comprehensive review identified that dealt in detail with the association between 
sex and subarachnoid haemorrhage was by de Rooij et al[28], updating an earlier review 
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from the same research team[25]. The update and its earlier version cover studies published 
from 1960 to October 2005 on the incidence of subarachnoid haemorrhage in the general 
population. Searches were done on MEDLINE, and included the retrieval of records that 
were found using the "related articles" feature and reference lists were checked until no new 
publications were found. The de Rooij et al review identified 37 studies that reported the 
results separately for men and women[28]. Their Poisson regression analysis showed that 
for each additional percentage point of women in a study population, the incidence of 
subarachnoid haemorrhage rose by 1.07 times (95% confidence interval (CI) 1.04 to 1.10). In 
18 studies, the incidence for men and women was reported separately. The overall annual 
incidence obtained by combining these studies was 10.5 per 100,000 (95% CI 9.9 to 11.2). It 
was 9.2 per 100,000 (95% CI 8.4 to 10.2) for men and 11.5 per 100,000 (95% CI 10.6 to 
12.6) for women. The incidence was 1.24 (95% CI 1.09 to 1.42) times higher for women 
compared to men. 
 
The De Rooij et al review also considered the relationship between sex and age, and the 
incidence of subarachnoid haemorrhage. They conducted a multivariate analysis of the 
results from 37 studies that reported the mean age of the study population and its sex 
distribution. After adjustment for age, each additional percentage point increase in the 
proportion of women in a population raised the incidence of subarachnoid haemorrhage 
within that population by 1.03 times (95% CI 0.99 to 1.06). De Rooij et al were able to use 
data from 20 studies to estimate the ratio of the incidence in women to that in men in eight 
separate age groups. Their findings are given in Table 2. 
 
With regard to the presence of an intracranial aneurysms, Rinkel et al sought studies 
published from 1955 to June 1996 on the prevalence and natural history of intracranial 
saccular aneurysms[26]. They searched MEDLINE from 1966 onwards and checked the 
reference lists of all relevant publications, until their cross checking found no new 
publications. In regard to prevalence, they found that this was lower among men than 
women. In their combined analysis of 15 angiography studies, there were 61 aneurysms 
among 1754 men, giving a prevalence of 3.5% (95% confidence interval (CI) 2.7% to 4.5%). 
Among women, there were 58 aneurysms in 1254 women, with a prevalence of 4.6% (95% 
CI 3.5% to 5.9%). The relative risk of having an aneurysm for men compared to women was 
reported to be 0.8 (95% CI 0.5 to 1.1).  
 
The Rinkel et al review also assessed the risk of subarachnoid haemorrhage in patients with 
unruptured aneurysms[26], and the research team have updated this part of that review, with 
the addition of multivariate analyses[29]. The updated review included a new MEDLINE 
search for articles published up to March 2006. The reference lists of relevant publications 
were checked and Web of Science was searched for reports citing the 1998 review. A total of 
19 studies were included, with 4705 patients and 6566 aneurysms, and a total of 26,122 
patient years of follow-up. Ten of these studies provided data on sex and the risk of rupture. 
There were 32 ruptures in 2255 patient years for men and 65 ruptures in 2855 patient years 
for women. The relative risk for women compared to men was 1.6 (95% CI 1.1 to 2.4)[29]. 
 
Morita et al reviewed studies on the natural course of unruptured cerebral aneurysms 
published by Japanese institutions from 1980 to 2003[27]. They sought studies in MEDLINE 
(1981 onwards) and the Index of the Japan Medical Abstract Society (1983 onwards), and 
checked the reference lists of all relevant articles for additional studies. Thirteen studies were 
included in the review: eight had been published in English and five had been published in 
Japanese. A total of 922 patients with unruptured cerebral aneurysms, and 3801 patient 
years of follow-up, were available from the studies. In total, there were 104 subsequent 
ruptures, giving an annual risk of rupture of 2.7% (95% CI 2.2% to 3.3%). Morita et al 
calculated that the annual risk of rupture for men was 2.2% (95% CI 1.5% to 3.1%) and 3.0% 
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(95% CI 2.3% to 4.0%) for women. The relative risk for women compared to men was 1.4 
(95% CI 0.9 to 2.2). 
 
One review investigated the relationship between sex and subarachnoid haemorrhage for 
patients with autosomal dominant polycystic kidney disease[36]. This review is discussed in 
detail in the Autosomal dominant polycystic kidney disease section below. It found a ratio of 
1.1 for subarachnoid haemorrhage in women compared to men, among people with this 
condition. 
 

77  AAggee  

The De Rooij et al review included an assessment of the relationship between age and the 
incidence of subarachnoid haemorrhage[28]. They were able to use data on the mean age of 
the study population from 37 studies and explored this in a univariate Poisson regression 
analysis. In populations with a mean age of 35 years, the annual incidence per 100,000 was 
8.6 (95% CI 8.0 to 9.2). Using the 20 studies that reported on the incidence within specific 
age groups, de Rooij et al obtained an overall annual incidence for all ages combined of 13.9 
per 100,000 (95% CI 13.3 to 14.5). Incidence increased with age and the data are given in 
Table 3, along with the incidence ratio for each age group compared to a reference standard 
of people aged 45-55 years. As discussed above, de Rooij et al also examined the 
relationship between sex and age and subarachnoid hemorrhage, and the relevant results 
are given in Table 2. After adjustment for sex, each additional year on the mean age of a 
population raised the incidence of subarachnoid haemorrhage within that population by 1.06 
times (95% CI 1.05 to 1.07). 
 
In assessing the risk of subarachnoid haemorrhage in patients with unruptured aneurysms in 
the update of the Rinkel et al review[26], Wermer et al reported the number of ruptures and 
person years of follow up in 20-year age groups, and compared these to the risk for those 
aged 40-59 years as the reference standard (see Table 2), using data from 17 studies[29]. 
They found no data for patients aged less than 20 years and only one study with data on 
patients over 80 (which had no ruptures in 12 patients). There were 12 ruptures in 848 
patient years in patients aged 20-39 years, 24 ruptures in 1830 patient years for patients 
aged 40-59 years, and 19 ruptures in 709 patient years in the 60-79 years age group. The 
relatively small number of ruptures in patients aged 20-39 makes the comparison of the risk 
in this age group versus the 40-59 age group statistically unstable. Although the point 
estimate in Table 2 (i.e. 1.1) represents a higher risk in the younger group, this is not 
statistically significant. The lower limit of the 95% confidence limit interval (i.e. 0.5) is 
consistent with the younger group having half the risk of those aged 40-59 years. 
 
The Morita et al review of studies on the natural course of unruptured cerebral aneurysms 
published by Japanese institutions presents the results for patients below and above 60 
years of age[27]. For people under 60 years, the annual risk of rupture was 2.3% (95% CI 
1.6% to 3.2%), whereas it was 3.0% (95% CI 2.3% to 3.8%) for those aged 60 years or older. 
The relative risk for people over 60 years compared to the younger group was 1.2 (95% CI 
0.8 to 1.9). 
 
The Gieteling et al review of the relationship between autosomal dominant polycystic kidney 
disease and subarachnoid haemorrhage notes that although the mean age of patients at the 
time of subarachnoid haemorrhage in the general population is around 57 years, their review 
found a younger mean age for patients with autosomal dominant polycystic kidney disease: 
41 years[36]. 
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88  EEtthhnniicciittyy  

One of the ten risk factors assessed in the Feigin et al review was ethnicity, dividing the 
population into “white” and “non-white”[30]. They searched MEDLINE from 1966 to March 
2005 for studies published in English that reported crude data on risk factors for 
subarachnoid haemorrhage. They also checked the reference lists of retrieved articles to 
identify additional studies of this type. The meta-analyses in the review produced separate 
estimates for longitudinal and case control studies, and results were reported separately for 
men and women if data were available at this level of detail. The one longitudinal study of 
ethnicity included in the review was exclusively in men and found that the relative risk of 
subarachnoid haemorrhage for “non-white” men compared to “white” men was 1.8 (95% CI 
0.8 to 4.2). The two case control studies included in the review did not provide separate 
estimates for men and women, and the meta-analysis gave an overall odds ratio of 3.4 (1.0 
to 11.9) for people who were “non-white” compared to those who were “white”. 
 
The Morita et al review of Japanese studies highlighted the higher incidence of rupture of 
intracranial aneurysms in patients in Japan compared to elsewhere, but without formally 
reviewing the non-Japanese research[27]. The annual risk of rupture was 2.7% (95% CI 
2.2% to 3.3%), based on 13 studies with 104 ruptures in 922 patients during 3801 patient 
years of follow-up. This was described by the authors as “relatively high” compared to 
Europe and North America and is contrasted with the finding from the Rinkel et al review (i.e. 
75 ruptures in 3907 patient years of follow-up where the annual risk of rupture was 1.9%, 
95% CI 1.5% to 2.4%)[26]. 
 
Within North America and Europe, Linn et al point to the high incidence of subarachnoid 
haemorrhage in Finland[25]. They sought studies published from 1960 to 1994 by searching 
MEDLINE (from 1960 onwards) and Science Citation Index (from 1980 onwards). They 
checked the reference lists of all relevant publications for other studies about the incidence of 
subarachnoid haemorrhage, and stroke more generally. The review includes 18 studies with 
10.6 million person years. There were three studies from Finland (2.2 million person years) 
and 15 from elsewhere (8.4 million person years). Combining the three studies from Finland, 
the annual incidence of subarachnoid haemorrhage was 21.4 per 100,000 (95% CI 19.5 to 
23.4) whereas the combined analysis of the other 15 studies found it to be 7.8 per 100,000 
(95% CI 7.2 to 8.4). The relative risk for people in Finland compared to people elsewhere 
was estimated to be 2.7 (95% CI 2.4 to 3.1). Even after adjustment for the proportion of 
diagnoses done with computed tomography and the year of the study (which were the main 
focus for the analyses in this paper), the relative risk remained statistically significant, at 2.1. 
 
Combining the ethnic groups discussed in the preceding two paragraphs, the Wermer et al 
review examined the influence of Japanese or Finnish descent on the risk of rupture of 
intracranial aneurysms. They found 111 ruptures in 20,422 patient years of follow-up in 
patients who were neither Japanese nor Finnish, compared to 113 ruptures in 6093 patient 
years for Japanese and Finnish patients. The relative risk for Japanese and Finnish patients 
compared to others was 3.4 (95% CI 2.6 to 4.4)[29]. 
 
One review of stroke in black Americans[53] was identified but this did not provide 
information on subarachnoid haemorrhage separately from stroke more generally and there 
was insufficient information in the report to assess the quality of the review and it is not 
formally included in this review. Two other reviews were identified which collected data on 
ethnicity but did not report it in a way that is suitable for this part of this review. The Sudlow 
et al review of Apolipoprotein E Genotype (APOE) in different types of stroke, including 
subarachnoid haemorrhage, which is discussed in detail below, did extract information on 
ethnicity from the included studies where this was reported[46]. However, the article provided 
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no information on this for the three included studies that assessed the relationship between 
APOE and subarachnoid haemorrhage. In 2007, Krishna and Kim published a systematic 
review and meta-analyses based on 17 case-control and 10 cohort studies that investigated 
the relationship between ethnicity and other risk factors, principally smoking[34]. They 
searched PubMed back to 1966 for English-language reports of studies in adults, and 
checked the reference lists. However, they present their ethnicity findings primarily in the 
context of whether the effect of smoking is different in monoethnic or multiethnic studies and 
do not provide a stand-alone analysis of ethnicity per se. 
 

99  SSiittee  ooff  aanneeuurryyssmm  

The Wermer et al review[29] updated the earlier review by Rinkel et al[26] in regard to the 
association between site and subarachnoid haemorrhage for the general population. Using 
the subset of studies that reported data on site from the total of 19 studies they found for 
their series of reviews, they calculated annual risks of rupture for aneurysms on the anterior 
communicating artery, internal carotid artery (including and excluding the posterior 
communicating artery), posterior communicating artery, middle cerebral artery, cavernous 
sinus and posterior circulation (defined as vetebral artery, basilar artery and posterior 
cerebral artery). The internal carotid artery including the posterior communicating artery was 
used as the reference standard to calculate relative risks for rupture at the other sites (see 
Table 2). There were 46 ruptures in 3558 patient years of follow-up for this site. The data for 
the other sites was 19 ruptures in 1083 patient years for the anterior communicating artery, 8 
in 813 years for the internal carotid artery excluding the posterior communicating artery, 7 in 
317 years for the posterior communicating artery alone, 33 in 2734 years for the middle 
cerebral artery, 2 in 2159 years for the cavernous sinus and 26 in 791 years for the posterior 
circulation. 
 
Mira et al conducted a review with a particular focus on the rupture of aneurysms on the 
anterior communicating artery[31]. They searched for studies that had followed up untreated 
intracranial aneurysms using MEDLINE, ISI Web of Science, The Cochrane Library, LILACS 
and EMBASE from the inception of each database to May 2005; and checked the reference 
lists of relevant publications. A total of 21 studies with ten or more patients were identified, 
and the reviewers contacted authors for additional data if sufficient information had not been 
published. Eight of the studies could be included in a meta-analysis of the risk of rupture of 
anterior communicating artery aneurysms versus aneurysms elsewhere in the anterior 
circulation. Twenty of the 149 aneurysms on the anterior communicating artery ruptured 
compared to 74 of the 1011 other aneurysms. The meta-analysis yielded a relative risk of 2.5 
(95% CI 1.6 to 3.9). Mira et al also reported a meta-analysis of eight studies (1250 
aneurysms) comparing the risk of rupture of anterior communicating artery aneurysms with 
those elsewhere in either the anterior or the posterior circulation, for which they found a 
relative risk of 2.0 (95% CI 1.3 to 3.1). Furthermore, they combined the findings of nine 
studies that followed a total of 151 anterior communicating artery aneurysms to estimate the 
likelihood of rupture per year of follow up. Twenty of the aneurysms ruptured, giving an 
annual risk of 2.2%. 
 
The Morita et al review of studies on the natural course of unruptured cerebral aneurysms in 
Japan also investigated the site of the ruptured aneurysm[27]. For the two sites they report, 
patients with an aneurysm on the anterior circulation had an annual risk of rupture of 1.8% 
(95% CI 1.3% to 2.3%) and the risk for those with an aneurysm on the posterior circulation 
was 3.2% (95% CI 2.0% to 5.0%). The relative risk for posterior compared to anterior 
circulation aneurysms was 2.3 (95% CI 1.4 to 3.7). 
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The Gieteling et al review of the relationship between autosomal dominant polycystic kidney 
disease and subarachnoid haemorrhage also presented data on the site of the ruptured 
aneurysm[36]. This found that 41% (51) of the 124 ruptured aneurysms with site specified 
were on the anterior communicating artery, 38% (47) were on the middle cerebral artery, 
12% (15) were on the internal carotid artery and 8.9% (11) were on the posterior circulation. 
Gieteling et al concluded that the site of ruptured aneurysms is similar for patients with, and 
without, autosomal dominant polycystic kidney disease. 
 

1100  SSiizzee  ooff  aanneeuurryyssmm  

The Wermer et al review investigated the association between size of aneurysm and 
subarachnoid haemorrhage in patients with unruptured aneurysms, categorising aneurysms 
into six not mutually exclusive groups to reflect how studies had reported this characteristic 
(< 5 mm, <7 mm, 5 to 10 mm, > 10 mm, > 12 mm and  > 15 mm - classified as “giant”)[29]. 
This contrasts with the original version of that review, in which the  aneurysms were 
classified simply as smaller and larger than 10 mm[26]. Wermer et al reported finding a total 
of 19 studies with 26,122 patient years of follow-up but not all of these data contribute to their 
meta-analyses of aneurysm size. They report 10 ruptures in 1939 patient years of follow-up 
for aneurysms that were smaller than 5 mm and use this group as the reference standard 
(see Table 2). There were 32 ruptures in 7206 patients years for aneurysms of < 7 mm, 14 
ruptures in 1187 patients years for those between 5 mm and 10 mm, 55 ruptures in 3670 
patient years for > 10 mm, 42 ruptures in 1089 for > 12 mm, and for the giant aneurysms 18 
ruptured in 293 patient years. 
 
The Morita et al review of studies on the natural course of unruptured cerebral aneurysms 
published by Japanese institutions from 1980 to 2003 also investigated the size of the 
ruptured aneurysm[27]. As in the earlier Rinkel et al review, they dichotomised the data into 
aneurysms smaller and larger than 10 mm. For patients with an aneurysm smaller than 10 
mm, they estimated an annual risk of rupture of 1.5% (95% CI 1.0% to 2.2%), compared to 
9.3% (95% CI 6.4% to 13.1%) for those larger than 10 mm. The relative risk for larger 
compared to smaller aneurysms was 6.4 (95% CI 4.0 to 10.4). 
 
The Gieteling et al review of the relationship between autosomal dominant polycystic kidney 
disease and subarachnoid haemorrhage presented data on the size of the ruptured 
aneurysm subdivided into 5 mm bands[36]. This information was available for 40 of the 258 
ruptured aneurysms in their review. Among these 40, 20% (8) were smaller than 5 mm; 33% 
(13) were between 5 mm and 9 mm; 33% (13) were between 10 mm and 24 mm and 15% 
(6) were larger than 25 mm. Gieteling et al noted that large aneurysms appeared to more 
common in patients with autosomal dominant polycystic kidney disease than in people 
without this condition. In the prevalence part of their review, they found that 40% (46) of the 
114 aneurysms with size specified were smaller than 5mm; 32% (37) were between 5 mm 
and 9 mm; 19% (22) were between 10 mm and 24 mm and 7.9% (9) were larger than 25 
mm. This is in contrast to prevalence data from a review of studies in the general 
population[26], which categorised the size of 356 aneurysms from two autopsy and ten 
angiography studies into 5 mm groups. This found that 72% (257) of the aneurysms were 
smaller than 6 mm; 21% (74) were between 6 mm and 10 mm; 6.5% (23) were between 10 
mm and 20 mm and 0.56% (2) were larger than 20 mm. 
 

1111  SSyymmppttoommss  bbeeffoorree  tthhee  ssuubbaarraacchhnnooiidd  hhaaeemmoorrrrhhaaggee  

In investigating the existence of symptoms (excluding the earlier rupture of the target 
aneurysm) Wermer et al categorised aneurysms into incidental, symptomatic and 
additional[29], corresponding to the asymptomatic, symptomatic and additional categories 
used in the earlier version of that review[26]. The “additional” category was used for 
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unruptured aneurysms that were found after another aneurysm had ruptured causing a 
subarachnoid haemorrhage. There were 50 ruptures in 3315 patient years of follow-up for 
patients with incidental aneurysms and this is used as the reference standard (see Table 2). 
Among patients who had had previous symptoms, there were 31 ruptures in 472 patient 
years. During 3158 patient years of follow up for additional aneurysms, 46 of these ruptured. 
 
The Morita et al review of Japanese studies also investigated whether the presence of 
symptoms was a risk factor for subarachnoid haemorrhage in patients with unruptured 
cerebral aneurysms[27]. The annual risk of rupture was 2.6% (95% CI 2.1% to 3.1%) among 
patients with no prior symptoms, compared to 7.3% (95% CI 3.5% to 13.4%) if they had 
symptoms. The relative risk for patients with symptoms compared to those without was 2.1 
(95% CI 1.1 to 3.9). 
 

1122  PPrreevviioouuss  ssuubbaarraacchhnnooiidd  hhaaeemmoorrrrhhaaggee  

The Morita et al review of studies in patients with unruptured cerebral aneurysms published 
by Japanese institutions from 1980 to 2003 investigated whether a previous subarachnoid 
haemorrhage was a risk factor for a future subarachnoid haemorrhage[27]. The annual risk 
of rupture was 2.7% (95% CI 2.1% to 3.4%) for patients with no previous history of a 
subarachnoid haemorrhage. This was similar to the estimate for patients with a previous 
subarachnoid haemorrhage for whom the annual risk of rupture was 2.8% (95% CI 1.8% to 
4.0%). The relative risk for patients with a previous subarachnoid haemorrhage compared to 
those for whom the index subarachnoid haemorrhage was their first was 1.3 (95% CI 0.85 to 
2.0). 
 

1133  BBlloooodd  pprreessssuurree  

Morita et al reported that they had intended to investigate high blood pressure as a risk factor 
for the rupture of known aneurysms in their review of Japanese studies but were unable to 
do so because of a lack of relevant data in the studies they identified[27]. This left four 
systematic reviews that investigated the relationship between blood pressure and 
subarachnoid haemorrhage, two of which were an early and updated pair by the same 
research team.  
 
The reviews include the individual patient data meta-analysis by the Asia Pacific Cohort 
Studies Collaboration (APCSC)[21]. This Collaboration brought together data from 26 cohort 
studies, with a total of 306,620 participants and 1,898,565 person years of follow-up to 
investigate a variety of risk factors for subarachnoid haemorrhage[33]. It contains a total of 
236 subarachnoid haemorrhage events, of which 114 were fatal within 28 days. The 
researchers divided participants into two groups based on a systolic blood pressure of below 
140 mm Hg and equal to, or greater than, 140 mm Hg. They also analysed the data on a 
continuous scale for blood pressure. The hazard ratio for subarachnoid haemorrhage was 
2.0 (95% CI 1.5 to 2.7) for systolic blood pressure of 140 mm Hg or above, compared to 
lower blood pressures. Their continuous variable analyses found that each 10 mm Hg 
increase in systolic blood pressure increased the risk of subarachnoid haemorrhage by 1.3 
times (95% CI 1.2 to 1.4). 
 
The Feigin et al review of aggregate data divided patients into those with hypertension and 
those without (threshold not reported)[30], in an update of an earlier review by Teunissen et 
al[32]. Separate meta-analyses were done of the four longitudinal and the 14 case control 
studies, with separate results reported for men and women where available from the original 
studies. The reviewers conclude that higher blood pressure is statistically significantly 
associated with a higher risk of subarachnoid haemorrhage in both study designs. The 
longitudinal studies produced an estimate for the relative risk of subarachnoid haemorrhage 
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for patients with hypertension compared to those without it of 2.5 (95% CI 2.0 to 3.1) for both 
sexes combined, 3.3 (95% CI 2.1 to 5.3) for women and 2.3 (95% CI 1.8 to 3.0) for men. The 
case control studies produced an odds ratio for hypertensive patients compared to non-
hypertensive patients of 2.6 (95% CI 2.0 to 3.1) overall, 3.3 (95% CI 2.6 to 4.3) for women 
and 2.1 (95% CI 1.4 to 3.2) for men. 
 
The Krishna and Kim review, although it was reported more recently than the Feigin et al 
review found fewer studies of hypertension (two cohort and 11 case control) but reached 
broadly similar findings[34]. They also did not define the threshold for hypertension. They 
reported an odds ratio from the cohort studies of 3.1 (95% CI 2.1 to 4.4) and 3.0 (95% CI 2.4 
to 3.8) from the case control studies for patients with hypertension compared to those without 
it. 
 

1144  CChhoolleesstteerrooll  

As with high blood pressure, the relationship between cholesterol and subarachnoid 
haemorrhage was investigated in the individual patient data meta-analyses by the Asia 
Pacific Cohort Studies Collaboration (APCSC)[33] and the review of aggregate data by 
Feigin et al[30], which updated the earlier review by Teunissen et al[32]. 
 
The APCSC review analysed cholesterol on a continuous scale (but this was not reported) 
and divided into two groups: below 4.5 mmol/L and equal to, or greater than, 4.5 mmol/L[33]. 
The hazard ratio for subarachnoid haemorrhage was 0.9 (95% CI 0.7 to 1.3) for people with 
cholesterol of 4.5 mmol/L or higher compared to those with lower levels. 
 
The Feigin et al review divided patients into those with hypercholesterolemia and those 
without, but the threshold for this categorisation is not reported[30]. Results were presented 
separately for longitudinal and case control studies and for men and women, if the data were 
available. The reviewers conclude that hypercholesterolemia appears to be a risk-reducing 
factor for subarachnoid haemorrhage. The three longitudinal studies included in this review 
only allowed a meta-analysis for men and found hypercholesterolemia versus not had a 
relative risk for subarachnoid haemorrhage of 0.8 (95% CI 0.6 to 1.3). Based on the meta-
analyses of the three case control studies, the odds ratios for hypercholesterolemia 
compared to normal cholesterol levels were 0.6 (95% CI 0.4 to 0.9) for both sexes combined, 
1.2 (95% CI 0.5 to 2.5) for women and 0.5 (95% CI 0.2 to 1.9) for men. 
 

1155  DDiiaabbeetteess  

The Feigin et al review includes an investigation of the relationship between diabetes and 
subarachnoid haemorrhage[30]. This is based on one longitudinal study and six case control 
studies. In summarising their findings, Feigin et al concluded “an unexpected and new finding 
in this review was that diabetes mellitus was associated with substantial reduction of the risk 
of subarachnoid haemorrhage”. The longitudinal study identified for the review found a 
relative risk of subarachnoid haemorrhage for diabetics compared to non-diabetics of 0.3 
(95% CI 0.0 to 2.2) for both sexes combined. The sex specific analyses found relative risks 
of 0 (95% CI 0.0 to 2.9) for women and 0.7 (95% CI 0.1 to 4.7) for men. The odds ratio for 
both sexes combined in the case control studies was 0.7 (95% CI 0.5 to 0.8) for diabetics 
versus non-diabetics. Data were not available for men and women separately. 
 

1166  BBooddyy  mmaassss  iinnddeexx  

The relationship between body mass index (BMI, weight divided by square of height) and 
subarachnoid haemorrhage was investigated in the individual patient data meta-analyses by 
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the Asia Pacific Cohort Studies Collaboration (APCSC)[33], the review of aggregate data by 
Teunissen et al[32] and its update[30]. 
 
The APCSC review analysed the BMI data as continuous data (not reported) and also by 
dichotomising the data into two groups: BMI below 22 kg/m2 and BMI equal to, or greater 
than, 22 kg/m2. The hazard ratio for subarachnoid haemorrhage was 1.0 (95% CI 0.7 to 1.3) 
for body mass index of 22 kg/m2 or higher compared to a lower value. 
 
The same division for low and high BMI were used by Feigin et al, which included one 
longitudinal study and the two case control studies of relevance to this factor[30]. The 
reviewers concluded that the evidence from the two different types of study was inconsistent. 
The longitudinal study was restricted to men, for whom the relative risk of 0.4 (95% CI 0.2 to 
0.4) for BMI of less than 22 kg/m2 compared to higher values. In contrast, the information 
from the case control studies did not allow an analysis restricted to men. The reviewers’ 
meta-analyses of the case control studies found odds ratios of 1.1 (95% CI 0.7 to 1.9) for 
women and 1.4 (95% CI 1.0 to 2.0) for both sexes combined. 
 

1177  PPoollccyyssttiicc  kkiiddnneeyy  ddiisseeaassee  

The relationship between polycystic kidney disease and subarachnoid haemorrhage was 
investigated in four reviews[26,35,36,37], one of which was published in German[37]. Only 
the most comprehensive of these reviews is discussed here[36]. Some of its findings have 
been noted earlier in this report.  
 
The main focus of the Gieteling et al review was the demographics of patients with 
autosomal dominant polycystic kidney disease (ADPKD) and intracranial aneurysms or 
subarachnoid haemorrhage. Data were pooled from 53 articles. These included a total of 369 
ADPKD patients, with 462 intracranial aneurysms, and 258 of the patients had had a 
subarachnoid haemorrhage. The authors also reported on their own database of patients 
treated for subarachnoid haemorrhage between 1978-1999, in which five of 1147 patients 
(0.44%) had ADPKD[36]. The review does not contain an estimate for the risk of either an 
intracranial aneurysm or a subarachnoid haemorrhage in patients with ADPKD.  
 
In their Discussion, Gieteling et al highlighted differences between patients with and without 
ADPKD in regard to intracranial aneurysm and subarachnoid haemorrhage.  These include 
the afore mentioned differences in sex (contrasting the ratio of women to men of 1.6 in the 
general population with the 1.1 found for the ADPKD patients in the review), age at 
subarachnoid haemorrhage (contrasting the mean age of 57 years for patients in general 
with 41 years in ADPKD patients), the most common site of prevalent aneurysms (the middle 
cerebral artery in ADPKD patients, compared to the internal carotid artery in others), the size 
of aneuryms (typically larger for patients with ADPKD), and, as mentioned below, the 
proportion of patients with a first or second degree relative with a subarachnoid haemorrhage 
or intracranial aneurysm (reported in 40% of patients with ADPKD compared to 
approximately 14% of patients without ADPKD). Gieteling et al also noted similarities, such 
as the most frequent site of ruptured aneurysms in both ADPKD patients and the general 
population being the anterior communicating artery. 
 

1188  SSmmookkiinngg  

Morita et al reported that they had intended to investigate smoking as a risk factor for the 
rupture of known aneurysms in their review of Japanese studies but were unable to do so 
because of a lack of sufficient data in the studies they identified[27]. Five other systematic 
reviews investigated the relationship between smoking and subarachnoid haemorrhage. 
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The individual participant data in the Asia Pacific Cohort Studies Collaboration review was 
divided into two categories for the meta-analyses of smoking: current versus not current 
(which included both former smokers and never smokers)[33]. The hazard ratio for current 
smoking compared to not was 2.4 (95% CI 1.8 to 3.4) and this was reported as being 
independent of sex, age or whether the participants were in Asia or Australasia. 
 
The Feigin et al update[30] of the Teunissen et al review[32] used the following categories: 
never smoked, former smoker, current smoker, and combinations of former and never (i.e. 
not current) and former and current (i.e. ever). The authors of the updated review concluded 
that there is a consistent, statistically significant association between smoking and increased 
risk of subarachnoid haemorrhage, and presented a variety of meta-analyses. In five 
longitudinal studies, current smoking versus never smoking gave a relative risk of 2.2 (95% 
CI 1.3 to 3.6) for men and women combined, 2.2 (95% CI 1.7 to 2.8) for women and 2.2 
(95% CI 1.7 to 3.0) for men. The relative risk for the comparison of ever smoking versus 
never smoking was 2.2 (95% CI 1.1 to 4.5) for both sexes combined, 2.7 (95% CI 1.8 to 4.1) 
for women, and 1.4 (95% CI 0.9 to 2.1) for men. The comparison of former smoking versus 
never smoking in both sexes combined had a relative risk of 1.9 (95% CI 1.5 to 2.3). In the 
15 case control studies, current smoking compared to never smoking had an odds ratio of 
3.1 (95% CI 2.7 to 3.5) for both sexes combined, and estimates of 2.4 (95% CI 1.4 to 4.0) for 
women and 5.2 (95% CI 3.0 to 9.0) for men. In the comparison of ever smoking versus never 
smoking in the Feigin et al review, the case control studies found odds ratios of 3.1 (95% CI 
2.5 to 3.9) for both sexes combined, 2.6 (95% CI 2.0 to 3.5) for women and 3.4 (95% CI 2.4 
to 4.7) for men. Finally, the case control studies comparing former smoking with never 
smoking yielded an odds ratio of 2.3 (95% CI 2.2 to 2.4) for both sexes combined. 
 
The Krishna and Kim review included five cohort and 16 case control studies of the 
relationship between smoking and subarachnoid haemorrhage[34]. For their meta-analysis of 
current smoking versus non smoking (including both former smokers and never smokers), 
the pooled estimate from the 16 case control studies was an odds ratio of 3.2 (95% CI 2.5 to 
4.1). In the meta-analysis of the five cohort studies, the relative risk for current smoking 
versus non smoking was 3.2 (95% CI 2.4 to 4.3). 
 
The review by Lee and Forey investigated the relationship between passive smoking (or 
environmental tobacco smoke) and stroke[38]. They supplemented what they described as 
their “extensive library of articles” with searches of PubMed and EMBASE and by checking 
the references of reviews of the effect of passive smoking on health. They found a total of 
seven prospective studies, six case control studies and three cross sectional studies. A 
meta-analysis of all these studies found a relative risk for stroke of 1.3 (95 CI 1.2 to 1.4) for 
people exposed to environmental tobacco smoke compared to those who were not exposed. 
A separate analysis is not presented for subarachnoid haemorrhage but is reported by Lee 
and Forey: “it is of interest that no elevated risk was seen for subarachnoid haemorrhage”.  
 

1199  AAllccoohhooll  

Alcohol was investigated in the individual patient data meta-analyses by the Asia Pacific 
Cohort Studies Collaboration (APCSC)[33], the review by Teunissen et al[32] and its update 
by Feigin et al[30], and by Krishna and Kim[34]. 
 
The APCSC review categorised alcohol drinkers into current and not current drinkers[33]. 
The latter included both people who formerly drank alcohol and those who had never drank 
it. The hazard ratio for subarachnoid haemorrhage among people who currently drank 
alcohol compared to those who did not was 1.0 (95% CI 0.7 to 1.4). 
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Patient subgroups were formed on the basis of the quantity of alcohol consumed in the 
Feigin et al review[30]. This was to distinguish heavy drinkers from other alcohol drinkers and 
non drinkers, using 150g per week as the threshold for heavy drinking. (One standard drink 
was assumed to contain 12g of alcohol.) Five longitudinal and seven case control studies 
were included and the reviewers concluded that excessive alcohol intake had a statistically 
significant and consistent association with an increased risk of subarachnoid haemorrhage. 
In the longitudinal studies, the relative risks for subarachnoid haemorrhage among people 
consuming less than 150 g/wk compared to non drinkers were 1.1 (95% CI 0.8 to 1.6) both 
sexes combined, 2.7 (95% CI 1.2 to 5.9) for women and 1.5 (95% CI 0.9 to 2.5) for men. The 
comparison of heavy drinkers (≥ 150 g/wk alcohol) versus non drinkers produced relative 
risks of 2.1 (95% CI 1.5 to 2.8) for both sexes combined, 4.0 (95% CI 0.8 to 19.1) for women 
and 2.2 (95% CI 1.5 to 3.2) for men. In the case control studies, < 150 g/wk alcohol versus 
no alcohol gave odds ratios of 0.8 (95% CI 0.7 to 0.9) for both sexes combined, 0.6 (95% CI 
0.4 to 1.0) for women and 0.5 (95% CI 0.3 to 0.8) for men; indicating a protective effect for a 
moderate consumption of alcohol. The odds ratios for consuming ≥ 150 g/wk alcohol 
compared to none were 1.5 (95% CI 1.3 to 1.8), 5.0 (95% CI 1.9 to 14.3) and 4.5 (95% CI 2.5 
to 8.0) for both sexes combined, women and men, respectively. 
 
The Krishna and Kim review of English language publications included a meta-analysis of 
alcohol consumption which also divided patients into those consuming more and less than 
150 g/wk of alcohol for comparison with non drinkers[34]. The odds ratio from three case 
control studies for > 150 g/wk versus no alcohol was 4.3 (95% CI 2.5 to 7.4) and from one 
study for < 150 g/wk versus non was 0.9 (95% CI 0.6 to 1.3). Four cohort studies were used 
in the meta-analysis for > 150 g/wk versus none (relative risk: 2.5, 95% CI 1.4 to 4.2) and 
three cohort studies were used in the meta-analysis of < 150 g/wk (relative risk: 2.0, 95% CI 
0.9 to 4.2). 
 

2200  AAssppiirriinn  

One review was identified of the relationship between aspirin and stroke[39]. This assessed 
the effects of medium or long term use of aspirin (for treatment or prevention) for 
cardiovascular conditions on risks of intracranial haemorrhage, including subarachnoid 
haemorrhages. Gorelick et al based their research on meta-analyses published between 
1995 and 2003, but they do not describe how the search was done, the inclusion criterion for 
the review or how the identified meta-analyses were determined to be eligible. Gorelick et al 
concluded that there is an increased risk of intracranial haemorrhage with aspirin when it is 
used for both primary and secondary prevention of cardiovascular disease. However, they do 
not provide an estimate of the risk for subarachnoid haemorrhage because of a lack of 
sufficient information to distinguish between different types of stroke.  
 

2211  TThhrroommbboollyyssiiss  

One systematic review was identified of the association between thrombolysis for ischemic 
stroke and hemorrhagic complications including subarachnoid haemorrhage[40]. Aleu et al 
searched MEDLINE and Google Scholar for articles from December 1995 to March 2006, 
with no language restrictions. They also checked the reference lists of the articles retrieved. 
They identified a total of 71 reports with 273 patients. Among these were 31 patients with 
intracranial aneurysms who had received thrombolysis for ischemic stroke. Two of these 
patients had a subarachnoid haemorrhage. They also found reports of four patients with 
intracranial aneurysms who had received thrombolysis for reasons other than stroke: one for 
pulmonary embolus and three for myocardial infarction. The first patient, whose unruptured 
aneurysm had been coiled was treated safely, as were the one coiled and one clipped 
patient with myocardial infarction. However, the myocardial infarction patient with an 
untreated aneurysm had a subarachnoid haemorrhage. 
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2222  OOrraall  ccoonnttrraacceeppttiivveess  

Five systematic reviews reported on oral contraceptive use and subarachnoid haemorrhage. 
These included the Teunissen et al review[32] and its update[30] and a review dedicated to 
an assessment of the relationship between oral contraceptive use and subarachnoid 
haemorrhage[43]. The other two reviews were done earlier than these three and are not 
discussed in detail[41,42]. One of these was published in German and on the basis of five 
studies published before 1986 (all of which were included in the Johnston et al review) it 
concluded “the incidence of subarachnoid haemorrhage is increased in women taking oral 
contraceptives and the mortality rate is higher”[41]. 
 
The Johnston et al review searched the medical literature since the introduction of oral 
contraceptives in 1960 using a combination of Index Medicus, MEDLINE and Dissertation 
Abstracts On-line, and the checking of references in review articles and other relevant 
articles[43]. It included two cohort studies, two nested case control studies, four population 
based case control studies and four other case control studies. These studies were reported 
in 17 separate articles and the reviewers reporting that they excluded a further ten articles 
which did not contain sufficient information to calculate a risk for subarachnoid haemorrhage. 
Johnston et al combined 11 studies in a meta-analysis yielding a relative risk of 1.4 (95% CI 
1.1 to 1.8). The reviewers also present the analyses of subgroups for cohort studies and 
case control studies separately; studies that controlled for smoking; studies that controlled for 
smoking and hypertension, oestrogen dose; and current versus ever users versus past users 
of oral contraceptives. Among these is a sensitivity analysis restricted studies that had 
controlled for smoking, which gave a relative risk of 1.6 (95% CI 1.3 to 1.9). Overall, 
Johnston et al concluded that oral contraceptive use was associated with a small increased 
risk of subarachnoid haemorrhage. They also report separate results for the incidence of 
subarachnoid haemorrhage and subsequent death. 
 
The Rinkel el review included one longitudinal and seven case control studies[30], including 
one study that had been published after the searches for the Johnston et al review. However, 
several of the studies included by Johnston et al were not eligible for the Rinkel et al review. 
Oral contraceptive use was categorised as current, and never or former. If an included study 
reported “ever” users only, these were compared with never users in the review. There was 
one longitudinal study, which had a relative risk for current users of oral contraceptives 
compared to never and former users of 5.4 (95% CI 0.7 to 43.5). In the case control studies, 
the odds ratio was also not statistically significant: 0.8 (95% CI 0.5 to 1.3) (but see footnote d 
for Table 3). The reviewers concluded that the use of oral contraceptive did not affect the risk 
of subarachnoid haemorrhage. They also contrasted their findings with those of Johnston et 
al: “our findings concerning the nonsignificant effect of oral contraceptives on the risk of SAH 
do not confirm the increased risk found in another meta-analysis devoted to only oral 
contraceptives and SAH. The reason for the discrepancy might be the less stringent study 
selection criteria (especially for the diagnosis of SAH) in the other review”. 
  

2233  HHoorrmmoonnee  rreeppllaacceemmeenntt  tthheerraappyy  

The Feigin et al update[30] of the Teunissen et al review[32] examined the relationship 
between hormone replacement therapy use and subarachnoid haemorrhage. Hormone 
replacement therapy use was divided into current use and never/former use. If an included 
study reported “ever” users only, these were compared with never users in the review. The 
reviewers concluded that hormone replacement therapy appeared to be a risk reducing 
factor, with a relative risk from one longitudinal study for current use versus never/former use 
of 0.6 (95% CI 0.2 to 1.5) and an odds ratio from two case control studies of 0.6 (95% CI 0.4 
to 0.8). 
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2244  SSppiinnaall  mmaanniippuullaattiioonn  

One systematic review was found which searched for the adverse consequences of spinal 
manipulation in children[44]. Vohra et al searched the Cochrane Central Register of 
Controlled Trials, MEDLINE, PubMed, EMBASE, CINAHL, AltHealthWatch, MANTIS and ICL 
from inception until June 2004, with no language restrictions. They also checked the 
reference lists of relevant articles, and contacted lead authors and other experts for 
information on additional studies. To be eligible for their review, a study had to be primarily 
an investigation of spinal manipulation in children under 18 years of age and to report data 
on adverse events. Thirteen studies met the eligibility criteria, with 14 direct adverse events. 
One of these adverse events was a subarachnoid haemorrhage leading to death in a baby 
aged three months. However, no estimate is given of the incidence of subarachnoid 
haemorrhage following spinal manipulation. 
 

2255  PPhhyyssiiccaall  aaccttiivviittyy  

The Feigin et al review examined the relationship between regular vigorous exercise (not 
defined) and subarachnoid haemorrhage, using one longitudinal and two case control 
studies[30]. They concluded that the evidence was inconsistent. The longitudinal study had a 
relative risk of 0.5 (96% CI 0.3 to 1.0) for men for regular rigorous exercise versus no regular 
rigorous exercise. Combining the results of the two case control studies (both sexes 
combined) gave an odds ratio of 1.2 (96% CI 1.0 to 1.6). 
 
In a short article in Chinese, Qiu et al summarised literature on exercise related sudden 
death. They identified 16 articles from searches of MEDLINE and the China Journal full-text 
database for 1993 to 2004, and some journals (not stated)[45]. They categorised their work 
into exercise related sudden death (five articles), investigations of sudden death (seven), and 
detailed accounts of exercise related sudden death (four). The main causes of death that 
they mention are cardiovascular disease, cerebral haemorrhage and subarachnoid 
haemorrhage but insufficient information is presented (in the article itself or the English-
language abstract) to estimate a risk for the relationship between exercise and subarachnoid 
haemorrhage. 
 

2266  FFaammiillyy  hhiissttoorryy  

The Rinkel et al review includes a section on the prevalence of intracranial aneurysms and 
they conclude that patients with a positive family history for subarachnoid haemorrhage had 
a higher risk for aneurysms than people screened because of a suspected pituitary 
adenoma, atherosclerosis, a brain tumour or other indications for angiography[26]. There 
was a total of 45 aneurysms in 476 patients with a family history of subarachnoid 
haemorrhage giving a prevalence 9.5% (95% CI 7.0% to 12%). Rinkel et al calculated a 
relative risk of 4.0 (95% CI 2.7 to 6.0) for patients with a family history compared to their 
reference standard of people who had angiography because of a brain tumour or other 
reason (but not autosomal dominant polycystic kidney disease, a suspected pituitary 
adenoma or atherosclerosis). 
 
The Gieteling et al review of studies in autosomal dominant polycystic kidney disease 
(ADPKD) discussed family history briefly[36]. They reported that 40% of ADPKD patients had 
a first or second degree relative with subarachnoid haemorrhage or intracranial aneurysm 
compared to approximately 14% for patients without ADPKD. 
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2277  AAppoolliippoopprrootteeiinn  EE  GGeennoottyyppee  

The apolipoprotein E gene (APOE) gene is one of the most widely studied in vascular and 
neurogenerative diseases and produces a glycoprotein, apoE, which has three common 
isoforms. These are encoded by three alleles of the gene, ε2, ε3 and ε4. Genotypes that 
contain the ε4 allele (ε4+) are associated with higher cholesterol levels than the relatively 
common ε3/ε3 genotype, while ε2+ genotypes are associated with lower levels. Within a 
systematic review of APOE and stroke, Sudlow et al presented some results for 
subarachnoid haemorrhage[46]. The majority of the case control studies in the review were 
of types of stoke other than subarachnoid haemorrhage and they included three studies 
relevant to subarachnoid haemorrhage, with a total of 237 cases and 1655 controls. Their 
meta-analyses found a small, but statistically significant, increase in the odds of being a case 
rather than a control for people with the ε4 allele (odds ratio 1.4, 95% CI 1.0 to 2.0). The 
reviewers noted that they were not aware of any published theoretical basis for such an 
association. With regard to the ε2+ genotypes, their meta-analyses yielded a non-significant 
odds ratio of 1.1 (95% CI 0.8 to 1.8). 
 

2288  OOtthheerr  ggeenneettiicc  ffaaccttoorrss  

Three reviews were identified which had brought together research into other aspects of 
genetics and intracranial aneurysms or subarachnoid haemorrhage. These include 
systematic reviews and meta-analysis of whole genome linkage scans for intracranial 
aneurysms[47,48], and a systematic review with a brief description of each relevant study for 
whole genome linkage studies for intracranial aneurysms and also thoracic aortic aneurysms 
and abdominal aortic aneurysms[49].  
 
Although there is a rapidly growing literature on the relationship between genetic factors and 
intracranial aneurysms, with several additional review articles identified during the 
preparation of this systematic review, these are not included here because they failed to 
satisfy the eligibility criteria. This was usually because the articles contained insufficient 
information on the methods used to search for, appraise, summarise or include studies. For 
example, large reviews by Nahed et al[54] and Krischek and Inoue[55] were identified and 
assessed for possible inclusion in this systematic review but were judged to be ineligible. 
These problems with the reporting of reviews of genetic association studies have been noted 
by others for health issues more widely[56], and the HuGENet project is seeking to improve 
the conduct and reporting of these reviews (http://www.cdc.gov/genomics/hugenet/). 
 

2299  TTiimmee  ooff  ddaayy,,  wweeeekkddaayy  oorr  sseeaassoonn  

Two systematic reviews presented evidence on subarachnoid haemorrhage at different times 
of day, on different days of the week, and during different seasons[50,51]. 
 
Vermeer et al searched MEDLINE from 1966 to 1995 and checked the reference lists of all 
publications for other articles, until no new studies were found[50]. They combined the data 
from ten studies with their own data on 422 patients from their hospital, collected from 1989 
to 1995; giving a total of 2778 patients. They divided the data into 2-hour (8 studies, 2074 
patients), 3-hour (6 studies, 2059 patients) and 6-hour intervals for analysis. The review 
includes graphs for the meta-analyses for all twelve 2-hour intervals, all eight 3-hour intervals 
and all four 6-hour intervals during the day but numerical values (including 95% confidence 
intervals) are only given for those that were significantly different from the reference standard 
for each analysis. Vermeer et al concluded “our study shows that the risk of aneurysmal 
rupture is low during the night, starts to rise in the early morning, remains high during the day 
with a small nadir around noon, and decreases in the evening”. Concentrating on the results 
from their 6-hour intervals for the purposes of this review: the relative risk for a subarachnoid 
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haemorrhage during 00.00-06.00 was 0.46 (95% CI 0.41 to 0.52) compared to 12.00-18.00 
(the reference standard). The comparison of 06.00-12.00 with this time period yielded a 
relative risk of 1.2 (95% CI 1.1 to 1.3) and that for 18.00-24.00 was not given but it was said 
to be non significant. 
 
The Vermeer et al review also includes analyses for the weekday and they conclude that 
they “did not find a preferred day of the week” for subarachnoid haemorrhage[50]. The 
results of their meta-analyses are not given but the report does include a graph showing the 
weekday on which the patients in their own dataset had their subarachnoid haemorrhage. 
 
Time of day, weekday and season were investigated by Feigin et al, who searched 
MEDLINE (from 1966) and EMBASE (from 1980) to 2001[51]. They divided the day into four 
time periods: 00.00-05.59, 06.00-11.59, 12.00-17.59 and 18.00-23.59. They based the 
seasons on the following months for studies from the northern hemisphere: June to August 
(summer), September to November (autumn), December to February (winter) and March to 
May (spring) and, for the southern hemisphere, they uses December to February (summer), 
March to May (autumn), June to August (winter) and September to November (spring). A 
total of eight population based studies, reported in 11 separate publications were included in 
the review. Three studies (1148 patients) contributed to the analysis of the relationship 
between time of day and subarachnoid haemorrhage. Using 00.00-05.59 as the reference 
standard, the relative risk for subarachnoid haemorrhage was 3.19 (95% CI 3.03 to 3.36) 
during 06.00-11.59, 2.63 (95% CI 2.47 to 2.80) during 12.00-17.59, and 2.30 (95% CI 2.15 to 
2.47) during 18.00-23.59. The weekday was available for the subarachnoid haemorrhage in 
two studies (829 patients). Monday was used as the reference standard in the meta-analyses 
which revealed one statistically significant relative risk: Sunday, for which the relative risk 
was 1.22 (95% CI 1.09 to 1.37) compared to Monday. The results for the other weekdays are 
shown in a graph but the relative risks are not given. Information on the season was 
available from six studies (2046 patients). The relative risk for subarachnoid haemorrhage in 
winter compared to summer was 1.10 (95% CI 1.02 to 1.17) and 1.07 (95% CI 1.01 to 1.13) 
for spring compared to summer. The result for autumn was not significantly different to 
summer and was shown graphically but not reported as a relative risk. 
 
Feigin et al speculated that some of the associations they found might be due to 
relationships between the time of day and other risk factors such as blood pressure, and 
inflammation, smoking, diet or alcohol consumption and season[51]. They contrasted their 
findings with the Vermeer et al review in which no significant risk of subarachnoid 
haemorrhage was observed in late afternoon[50] suggesting that the differences were due to 
the use of hospital-based studies by Vermeer et al in contrast to the population-based 
research they relied on. This contrast was based on the possible exclusion of patients who 
died before they reach a hospital from hospital-based studies. In their article five years 
earlier, Vermeer et al wrote “we do not think, however, that [the use of hospital-based 
studies] introduced a bias because it seems unlikely that the time of onset of haemorrhage 
influences the admission pattern”[50]. 
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3300  DDiissccuussssiioonn  

This report is based on a systematic review of a series of 67 systematic reviews of the 
relationship between one or more risk factors and subarachnoid haemorrhage in two groups 
of people: those known to have an unruptured intracranial aneurysm and the general 
population for whom the existence of an aneurysm was unknown before it ruptured. It is 
based on a set of literature searches that were done most recently in the middle of 2008. It 
adds thirteen new reports of systematic reviews[28,29,31,34,35,37,38,40,42,44,47,48,49] to 
those included in the previous version[2]. 
 
In considering the reliability of systematic reviews of studies of risk factors for subarachnoid 
haemorrhage, the systematic review by Linn et al[25] is especially helpful because it 
investigated the potential influence of changes over time.  Any such changes might make 
combining the findings studies done years or even decades apart problematic. Linn et al 
found that incidence was generally stable over the three decades up to the mid 1990s. The 
key determinant they identified for the apparent decrease in the incidence of subarachnoid 
haemorrhage in population-based studies through that period was the use of computed 
tomography (CT) as a diagnostic tool. They concluded “CT is an important tool in the 
diagnosis of SAH and that only studies with a high rate of CT scanning can reliably estimate 
the true incidence of SAH”. The model they developed from 15 studies done outside of 
Finland showed that each percentage point increase in the proportion of patients investigated 
with CT scanning decreased the incidence by a factor of 0.0096.  
 
Table 2 provides numerical estimates of the relative risks of rupture of a known aneurysm in 
people with different characteristics and Table 3 provides numerical estimates for different 
patient characteristics and other factors within the general population who were not already 
known to have an aneurysm at the time of its rupture. These values could be used in building 
risk models within @neurIST. In most of the reviews, a relative risk was presented from a 
meta-analysis of the results of the included studies. These estimates are given as either the 
risk in a particular group of people (e.g. providing a separate value for men, women, or 
different sizes of aneurysm) or as a comparison of the risk between different groups (e.g. for 
women compared to men, or small compared to large aneurysms). The calculated relative 
risk provides an estimate of the comparative risk that a person in the group being 
investigated will have a subarachnoid haemorrhage compared to a person in the reference 
group. In this context, ‘risk’ is the number of people having an event divided by the total 
number of people in that group. In some reviews, the odds ratios was reported and this is 
also used in places in Tables 2 and 3. These odds ratios are based on the odds of a 
subarachnoid haemorrhage in one group of patients, compared to the odds in a reference 
group. In this context, ‘odds’ is the number of people having an event divided by the number 
of people not having it within a group. In using the summary statistics from Tables 2 and 3, it 
is important to be clear about whether “relative risk” or “odds ratio” was reported. 
 
As with all the reviews included in this systematic review, my work might be subject to 
publication bias – in that the findings of relevant reviews may have influenced whether or not 
they were published. The availability of a review for this report required that the original 
reviewers had written up and published their work by the time of the searches in 2008, and 
that the publication had either been included in MEDLINE, PubMed or EMBASE, or 
referenced by one of articles I checked while doing this review. It is possible, therefore, that 
some reviews were missed but this cannot be assessed in the absence of a prospective 
register of systematic reviews. As additional reviews come to light, it should be possible to 
include them in future updates of this systematic review. This review will be updated next for 
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December 2008, with a new search to be run in November 2008 and the addition of 
information from systematic reviews of other issues relevant to the management of 
subarachnoid haemorrhage. This will provide a comprehensive systematic review of reviews 
relevant to this condition. 
 
 

3311  IImmpplliiccaattiioonnss  ffoorr  ffuuttuurree  rreesseeaarrcchh  iinnttoo  rriisskk  ffaaccttoorrss  

The data collected in @neurIST should provide a rich source of material for future research 
into risk factors and intracranial aneurysms and subarachnoid haemorrhage, drawing on the 
common data structure adopted for the project. The use of this data structure, coupled with 
the risk estimates reported here and gather by other parts of @neurIST (such as the 
Rotterdam database) will also make it easier to predict the risk of individuals whose data are 
collected within the common data structure.  
 

3322  MMeetthhooddoollooggiiccaall  iissssuueess  iinn  tthhee  iiddeennttiiffiiccaattiioonn  ooff  ssyysstteemmaattiicc  rreevviieewwss  ooff  

rriisskk  ffaaccttoorrss  

This update and the original systematic review included extensive searching of MEDLINE 
(via PubMed) and EMBASE for systematic reviews, the reading of full articles that were 
unclear from their title and abstract, and the checking of references in articles that were 
identified during the conduct of the review. This work has revealed several interesting 
methodological issues that are being written up outside of the @neurIST project for possible 
publication in an information sciences journal. 
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