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EEXXEECCUUTTIIVVEE  SSUUMMMMAARRYY  

This systematic review of reviews presents summary information from good quality 
systematic reviews of studies of factors that might influence the risk of rupture of an 
intracranial aneurysm, with a particular emphasis (and detail) for systematic reviews of 
studies that have explored associations between genetic factors and the presence and 
rupture of intracranial aneurysms. The information on non-genetic risk factors is based on the 
earlier versions, prepared in 2007 (using literature searches done in 2006) and 2008 (using 
literature searches done in 2008). The information on genetic factors is based on new 
literature searches done in 2008. It provides data that can be used in other parts of the 
@neurIST project. 
 
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 first version of this review, approximately 2000 records were 
identified by these searches and, in 2008, for the second version, modifications to these 
search strategies (including efforts to prevent the retrieval of records that had been assessed 
in 2006/07) yielded a further 2500 records. The searches for reviews of genetic factors 
identified approximately 500 articles (some of which had been retrieved previously). These 
5000 records were checked and to minimise the possibility that relevant articles would be 
missed because of insufficient information in the title and abstract, approximately 500 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 70 systematic reviews of risk factors for the rupture of intracranial 
aneurysms, reported in 29 separate articles and investigating 27 different risk factors (if all 
genetic loci and all candidate genes are counted simply as two single risk factors, rather than 
counting each genetic loci or candidate gene). The quality of each of the systematic reviews 
was assessed and information on their conduct and findings was provided in the previous 
versions of this review (deliverables D18 and D28). If the original review had reported a 
numerical estimate of the relationship between the risk of subarachnoid haemorrhage and 
the risk factor or patient characteristic, this was included in those reports.  
 
The estimates of the risk associated with particular factors can help predict the prognosis for 
individual patients with an unruptured intracranial anuerysm, and can be used in @neuRisk 
and other models for aneurysm rupture. The information on genetic factors can be used in 
planning and interpreting genetic association studies in @neurIST, which may, in turn, 
contribute to the development of @neuRisk and other models for predicting the risk of 
aneurysm development and rupture. 
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11  IInnttrroodduuccttiioonn  

This systematic review of reviews expands on earlier versions and seeks to present 
information from good quality systematic reviews of studies of factors that might influence the 
presence and risk of rupture of an intracranial aneurysm, with a particular focus on 
systematic reviews of studies of genetic associations. The searches done for this update are 
likely to have captured reviews published up to the first half of 2008. 
 
Existing systematic reviews make up the “raw material” for this report because the very large 
number of individual research studies and the wide range of factors that were researched in 
these preclude the conduct of new systematic reviews of these studies within the resources 
and time available for this part of the @neurIST project. For example, 1500 records are 
indexed in EMBASE with the terms “Subarachnoid Hemorrhage / etiology” or “Brain Artery 
Aneurysm / etiology”; and the combination of "Intracranial Aneurysm" or "Subarachnoid 
Hemorrhage" with "Risk factors" finds 1000 records in PubMed. Coupled with the fact that 
there are likely to be many other relevant articles in these databases that have not been 
assigned these index terms, the conduct of new systematic reviews of individual studies is 
not feasible. Furthermore, since systematic reviews are now ever more common in health 
care generally and are increasingly the source of knowledge for decision making[1]; and 
techniques for doing systematic reviews of reviews have been developed[2,3,4,5]. they 
represent a practical and acceptable place to start for compiling data on risk factors for 
subarachnoid haemorrhage. 
 
This report outlines the methods for this systematic review of reviews which were reported in 
more detail in the earlier deliverables (D18 and D24) and the published report that arose 
from deliverable D18[6]. It then summarises the evidence found previously for non-genetic 
risk factors, before describing in more detail the systematic reviews and findings for research 
into genetic associations with intracranial aneurysms and subarachnoid haemorrhage. 

  

22  BBaacckkggrroouunndd  

This, the third in a series of systematic reviews of reviews of risk factors for the rupture of 
intracranial aneurysms is part of Work Package 2 for @neurIST. It follows earlier versions 
which were prepared in 2007 (deliverable D18)[6] and 2008 (deliverable D28). Each of these 
systematic reviews have used methods based on those recommended by The Cochrane 
Collaboration for systematic reviews of the effects of healthcare interventions[7]. The 
Cochrane Collaboration is the world’s largest organisation dedicated to preparing, 
maintaining and promoting the accessibility of systematic reviews in health care but its focus 
is on the effects of interventions, rather than prognosis or risk factors[8]. 

  

33  MMeetthhooddss  

The main resources used to identify research into risk factors for this review are EMBASE 
and PubMed, which are indexed bibliographic databases of research articles in health and 
healthcare containing well in excess of 22 million unique articles between them. Searches for 
each database were developed in 2006 and revised in 2008 by an information specialist at 
the UK Cochrane Centre (Anne Eisinga). The searches were designed to identify systematic 
reviews of risk factors for subarachnoid haemorrhage and fuller information is available in the 
previous deliverable (D28). In October and December 2008, new searches were run in 
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PubMed to supplement those searches with specific efforts to identify systematic reviews of 
studies that had investigated genetic associations with intracranial aneurysms or 
subarachnoid haemorrhage. These searches used the MeSH index terms “Subarachnoid 
Hemorrhage/genetics" and “Intracranial Aneurysms/genetics”. The searches did not include 
any publication date or language restrictions. A search was also conducted of the register of 
systematic reviews being compiled by the HuGENet project 
(http://www.cdc.gov/genomics/hugenet/reviews_arch.htm) by checking the titles and 
abstracts of the few dozen articles in the section on cardiovascular disease. The HuGENet 
project is an international effort seeking to improve the conduct and reporting of reviews of 
genetic association studies. 
 
The criteria for a “systematic review” of the non-genetic risk factors was 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. For the systematic reviews of genetic association studies, 
inclusion in this report was not dependent on whether any attempt had been made to 
synthesize the findings of studies included in the review. Furthermore, systematic reviews 
that had investigated the relationship between a genetic factor and outcome following a 
subarachnoid haemorrhage were also included. 
 
Research has shown that the possibility that relevant studies will be missed when the 
records retrieved by database searching are checked can be minimized by having two 
people do this work independently[9]. In this series of reviews, the checking of records was 
done twice by the author with an interval of several weeks between the two checks. In 
addition, the records from the various searches were not merged and de-duplicated before 
checking, increasing the likelihood that eligible records retrieved by more than one search 
would be identified. A policy of “over-ordering” was also followed in which full articles were 
obtained and checked where there was insufficient information in the title and abstract in the 
record in EMBASE or PubMed to determine whether or not a “review” article would qualify as 
a systematic review. Finally, the reference lists of articles retrieved in full were also checked 
for potentially relevant systematic reviews. Furthermore, in the context of the reviews of 
studies of genetic association, the references to included studies were extracted. These are 
listed in this report to highlight the overlap between the identified reviews and as a resource 
for users of this report who may wish to examine those individual studies in more detail. 
Additional information was not sought from the authors of the original reviews or from the 
researchers responsible for the studies included in those reviews. 
 
If a review was deemed eligible, the following information was extracted and included in this 
report for the systematic reviews of genetic association studies: 

• Search strategy used to identify studies. 
• Criteria used to determine the eligibility of potentially relevant studies. 
• Source of data used for any analyses in the review (for example, whether individual 

participant data was collected centrally for re-analysis by the reviewers). 
• Consideration of the effect of publication or selective reporting bias on the review. 
• Consideration of the impact of heterogeneity on the review. 
• Consideration of other factors that may affect the reliability of the findings of the 

review. 
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To minimise errors, the author assessed each potentially eligible review and extracted data 
from those deemed eligible twice. The second extraction was done without access to the 
information from the first.  
 
In the reviews of non-genetic risk factors, numerical estimates were often provided for the 
relationship between the risk factor and subarachnoid haemorrhage, as either a relative risk 
or an odds ratios. Where available, these estimates were included in the previous deliverable 
(D28): in that report’s Table 2 for the risk of rupture of a known aneurysm and its Table 3 for 
the risk of subarachnoid haemorrhage in people who were not already known to have an 
aneurysm. 
 

44  SSyysstteemmaattiicc  rreevviieewwss  iiddeennttiiffiieedd  

Details on the records retrieved by the searches in 2006 and 2008 were contained in the 
previous deliverable (D28). In summary, the 2006 searches retrieved a combined total of 
2148 records from PubMed and EMBASE and the general searches in 2008 retrieved a 
combined total of 2484. This second number reflects both an expansion to the original 
search (following refinements suggested by members of @neurIST and others), which led to 
an increase in the number of records, and attempts to avoid the retrieval of records that had 
been considered in 2006 and 2007. The PubMed searches in 2008 that were targeted 
specifically at reports related to genetics (without any limitations for review articles) retrieved 
509 records. In total for this systematic review, therefore, 5141 records from PubMed and 
EMBASE were assessed for relevance, twice, by the author. A total of 523 full text articles 
were obtained and checked by December 31 2008. The search of the HuGENet register of 
systematic reviews of studies of genetic association identified three potentially eligible 
articles, which had also been found in the PubMed search. 
 
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. It has not 
proven possible to include information on this wide range of systematic reviews within these 
deliverables for @neurIST but the author intends to continue to work on preparing a 
comprehensive systematic review of systematic reviews of research relating to intracranial 
aneurysms and subarachnoid haemorrhage which will incorporate them.  
 
In the first version of this systematic review (D18)[6], a total of 46 systematic reviews of risk 
factors for the rupture of intracranial aneurysms, covering 24 different risk factors, in 16 
separate articles were identified and summarised. In the second version, the total numbers 
were 67 systematic reviews, of 24 risk factors in 27 separate articles; with the removal of two 
articles and the addition of 13 (D28). Table 1 of that deliverable lists these risk factors and 
the associated references, and section 6 of this report provides a summary of their findings.  
 
This third version of this systematic review has expanded further with a special focus on 
reviews of genetic associations and has identified eight such reviews, which includes the two 
systematic reviews that investigate the risks associated with family history. Aggregating the 
various genetic loci and the various candidate genes as two single categories of risk factor, 
the revised totals for what is covered here are 70 systematic reviews, from 29 separate 
articles investigating 27 different factors.  
 
Section 5 of this report describes the conduct and findings of the reviews of genetic factors. 
Details of each are included in the Characteristics of Included Reviews Table, along with the 



 

8 

  

IST-027703           D34: Cochrane Literature Review Snapshot v4 (WP2) 

 V1.2  Public 

references for the articles reporting the individual studies included in the reviews of genetic 
loci, candidate genes and gene expressions (Annex 1). The section begins with reviews of 
family history, which were described in the earlier deliverables (D18 and D28); then 
considers a specific genotype, apolipoprotein E, which was included previously (D18 and 
D28), before looking at other reviews which were mentioned in deliverable D28, have been 
identified as eligible since then, or consider the relationship between a genetic factor and 
outcome following a subarachnoid haemorrhage. This part of the report concludes with 
general comments on reviews of genetic associations, and Tables showing the studies of 
genetic loci and candidate genes that were included in the relevant systematic reviews and 
also in two other major reviews of this topic. 
 

55  SSyysstteemmaattiicc  rreevviieewwss  ooff  ggeenneettiicc  rriisskk  ffaaccttoorrss  

55..11  FFaammiillyy  hhiissttoorryy  

The main review of studies of family history was reported by Rinkel et al, within their 
comprehensive review of several risk factors (see section 6)[10]. The authors sought studies 
published from 1955 to June 1996 on the prevalence and natural history of intracranial 
saccular aneurysms. They searched MEDLINE from 1966 onwards and checked the 
reference lists of all relevant publications, until their cross checking found no new 
publications. The 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. 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 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; and they include a brief discussion of family history (see section 
6.12)[11]. The review involved a search of MEDLINE (1980 to 2000) using “polycystic kidney” 
combined with “aneurysm” or “subarachnoid haemorrhage” or “subarachnoid hemorrhage”. 
Articles in English, Dutch, French, German, Italian and Spanish were eligible; along with 
articles in other languages if an adequate English language summary was available; and the 
reference lists of all relevant publications were checked. As noted in section 5.12, Gieteling 
drew on their own database of patients treated for subarachnoid haemorrhage. This included 
5 patients with ADPKD among the 1147 patients who had been entered into the database 
between 1978 and 1999. They reported that 40% of ADPKD patients for whom this 
information was available had a first or second degree relative with subarachnoid 
haemorrhage or intracranial aneurysm compared to approximately 14% for patients without 
ADPKD. However, the authors of the review are cautious about this finding and note “The 
reporting of positive family history in particular may be influenced by publication bias, 
because screening may have been performed frequently in ADPKD families and positive 
findings may have been reported more frequently.” 
 
One review of case series was identified which brought together reports of studies of twins 
and intracranial aneurysms or subarachnoid haemorrhage[12]. This was published in 
Japanese. Such reviews of case reports were not eligible for this report, but, briefly, the 
authors report a pair of twins who had subarachnoid haemorrhages within 4 years of each 
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other. They highlight their findings for apolipoprotein E in these two brothers as indicative of 
the association between the ε4+ allele and subarachnoid haemorrhage (see section 5.2); and 
review 13 other cases from the literature of intracranial aneurysms or subarachnoid 
haemorrhage in twins. Other reviews of case studies of familial clusters of intracranial 
aneurysms were also identified[13, 14, 15]. 
 

55..22  AAppoolliippoopprrootteeiinn  EE  GGeennoottyyppee  

The apolipoprotein E gene (APOE) gene 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. The gene 
has been studied widely in vascular disease [16]. Three systematic reviews were identified 
investigating the research into its association with subarachnoid haemorrhage. 
 
Sudlow et al reported a systematic review of APOE and stroke in 2006, which included some 
results for subarachnoid haemorrhage[17]. They searched MEDLINE and EMBASE for 1966 
to October 2004, using a combination of index terms and free text, and checked the 
reference lists of all relevant studies and review articles, along with recently published 
textbooks on stroke and stroke genetics. The initial search sought full articles and abstracts 
in all languages, but this was subsequently revised to exclude studies published in abstract 
form only and several studies in non-English languages that could not be translated easily 
because these studies were very small and their inclusion would not have affected the 
conclusions in any important way. It is not clear from the review if any of these excluded 
studies were relevant to subarachnoid haemorrhage. The majority of the case control studies 
that were included were of types of stroke other than subarachnoid haemorrhage but three 
relevant studies were included. These have a total of 237 cases and 1655 controls. The 
meta-analyses found a small, 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 an odds ratio of 
1.1 (95% CI 0.8 to 1.8), which is not statistically significant. 
 
Two reviews were also identified of the relationship between APOE and outcome following 
the subarachnoid haemorrhage. Although other reviews of the relationship between a risk 
factor and patient outcomes were identified[18] and were not in general eligible for this 
systematic review, these have been included because of the special focus of this report on 
genetic factors.  
 
Lanterna et al reported a systematic review in which they centrally collected patient data from 
seven of the 13 potentially eligible studies in 2007[19]. They searched five different 
databases, including MEDLINE and EMBASE, checked the reference lists of relevant articles 
and handsearched some journals and conference proceedings. The collaborative nature of 
their review, involving several of the original researchers, also increased their chances of 
identifying unpublished or otherwise difficult to find studies. Their main meta-analysis of 
clinical outcomes excluded two outlier studies, including five studies with a total of 457 
patients of whom 118 had had poor outcomes. They calculated an odds ratio for good 
outcome of 2.56 (95% CI 1.61 to 4.07) for ε4- compared to ε4+, indicating that ε4- patients 
were significantly more likely to avoid an event such as death, dependency or severe 
cognitive impairment in the months after their subarachnoid haemorrhage. Their meta-
analysis of delayed ischaemia used four studies (303 patients, 87 events) and produced an 
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odds ratio for the avoidance of delayed ischaemia of 2.04 (95% CI 1.22 to 4.60) for ε4- 
compared to ε4+, again indicating that ε4- patients had better outcomes. 
 
Martinez-González and Sudlow reported a systematic review to assess the effect of APOE 
on the outcome of stroke, focusing on acute ischaemic stroke, intracerebral haemorrhage 
and subarachnoid haemorrhage[20]. They searched MEDLINE and EMBASE (1966 to May 
2005), using a combination of index terms and free text, and checked the reference lists of 
relevant articles, along with recently published textbooks on stroke and stroke genetics. In 
total, they found 13 potentially eligible articles and five of these studies included patients with 
subarachnoid haemorrhage. A total of 547 patients were included in the meta-analyses of 
death or dependency (157 such outcomes), which produced a relative risk of 1.40 (95% CI 
1.06 to 1.84) for ε4+ versus ε4-, indicating a worse outcome for patients with the ε4 
genotype. The one study of 108 which provided data separately on patients who had died 
(13 deaths) had a relative risk for death of 1.98 (95% CI 0.72 to 5.49) for ε4+ patients 
compared to those who were ε4-. Several of the articles that were not used in the review may 
have additional reports of studies that were included (see list of references in Annex 1). 
 
Three of the studies included in the meta-analysis by Lanterna et al were among the five 
included by Martinez-González and Sudlow. The other two in the Martinez-González and 
Sudlow review were the two studies excluded from their meta-analysis by Lanterna et al 
because they were judged to be outliers. This leaves two studies that in the Lanterna et al 
meta-analysis but not that of Martinez-González and Sudlow - one of which was focused on 
cognitive impairment[21] and one of which was published after the latter’s search. One of the 
six studies identified by Laterna et al but not included in their meta-analysis because of 
insufficient information was referenced by Martinez-González and Sudlow. The overlap 
between the two reviews helps to reinforce the robustness of the methods of the two reviews. 
Although the exclusion of the two outliers by Lanterna et al may have led to them over-
estimating the association of the relationship between APOE and poor outcome following a 
subarachnoid haemorrhage, the existing, published research does support the finding that 
patients who are ε4+ are more likely to experience a poor outcome. However, the relatively 
small size of the studies and the possibility that publication bias influenced their availability, 
(such that similar sized studies which failed to find an association may not have been 
published or otherwise available for inclusion), means that the current estimates for the 
association may be too high. 
 

55..33  GGeenneettiicc  llooccii  

Three systematic reviews were identified which assessed the evidence from genetic linkage 
studies. Biros and Golledge reported a review, and meta-analysis, of studies assessing the 
linkage of autosomal genome sites with familial intracranial aneurysm[22]. They identified 
seven potentially eligible studies from a search of PubMed and the checking of references in 
relevant articles, but two of these had to be excluded because of a lack of sufficient detail in 
the published linkage data. The five included studies had a total of 263 cases from 118 
families, but most of the data came from two Japanese studies which between them 
contributed 247 cases from 114 families, with one of the studies providing more than half the 
data (154 cases, 85 families)[23]. The meta-analysis identified a region of chromosome 17 
(17p12-q21.33) and of chromosome 3 (3q27.3-3qter) which were statistically significantly 
associated with intracranial aneurysm at p<0.01. 
 
Ruigrok et al undertook a systematic review of studies of patients with intracranial, thoracic 
aortic or abdominal aortic aneurysms to compare the genetic loci that had been found to be 
linked to the aneurysm, in order to identify possible common genetic risk factors for the three 
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different aneurysms[24]. They searched MEDLINE up to March 2007 and outline the findings 
of seven studies of intracranial aneurysms, five studies of thoracic aortic aneurysms and two 
studies of abdominal aortic aneurysms; but do not attempt a meta-analysis of the results of 
these studies. They conclude that there are five genetic loci that may include genes 
associated with intracranial aneurysms and aortic aneurysms: 3p24-25, 4q32-34, 5q, 11q24 
and 19q. 
 
In an earlier review, which was more wide ranging in its coverage of research into the 
genetics of intracranial aneurysms and subarachnoid haemorrhage (see sections 5.4 and 
5.5), some of the authors of that review also described studies of genetic linkage[25]. Their 
search for this review used PubMed and covered articles published up to November 2004. 
They identified two whole-genome linkage studies that had followed the affected sibling-pair 
approach, done in regions with a high incidence of subarachnoid haemorrhage, Japan and 
Finland (see section 6.3), and compare the findings of these on specific genetic loci with 
findings from other studies that they identified. They also discuss the findings of two genome-
wide linkage studies done in large pedigrees with intracranial aneurysms. In total, they 
present findings from nine studies and focus their conclusion on the four genome-wide 
linkage studies. They note that these have found genetic loci for intracranial aneurysms on 
7q11, 14q22 and 5q22-31 (Japan); on 19q13.3 (Finland); on 2p13 (The Netherlands), and on 
1p34.3-36.13 (USA).  
 
Section 5.6 draws on the findings of other reviews that were identified but which did not meet 
the eligibility criteria as systematic reviews to provide a comprehensive listing of genetic 
linkage studies identified in these articles (Table 2).  
 

55..44  CCaannddiiddaattee  ggeennee  ssttuuddiieess  

One systematic review (Ruigrok et al[25]) was identified which assessed studies that had 
investigated the association of candidate genes with intracranial aneurysms or subarachnoid 
haemorrhage. They search PubMed up to 2004 and checked the reference lists of identified 
articles. They included 18 studies studying a total of 14 different candidate genes and details 
of these genes and references to the studies are included in Annex 1. However, the small 
number and size of the studies for specific candidate genes make it difficult to identify reliably 
whether or not there is an association and Ruigrok et al conclude “few of the studies that 
showed association with SAH and intracranial aneurysms have so far been replicated ... the 
studies showing association may have been hampered by false-positive findings and small 
sample sizes in subsequent studies to confirm the association”. With this potential instability 
of existing research in mind, this report does not repeat the listings of candidate genes which 
appear to be, and which appear not to be, associated with intracranial aneurysms or 
subarachnoid haemorrhage. However, section 5.6 draws on the findings of other reviews that 
were identified but which did not meet the eligibility criteria as systematic reviews to provide 
a comprehensive listing of the candidate gene studies that were identified in these articles 
(Table 2). 
 

55..55  GGeennee  eexxpprreessssiioonn  ssttuuddiieess  

The Ruigrok et al review described in section 5.4 also examined gene expression 
studies[25]. They describe two studies of gene expression. One involved a single patient, a 
three year old girl, for whom a sample from her intracranial aneurysm was compared with a 
sample from her superficial temporal artery. The other study compared samples from 24 
ruptured and unruptured intracranial aneurysms, the superficial temporal arteries of 43 
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patients with an intracranial aneurysm, and 19 control patients who did not have an 
intracranial aneurysm. 
 

55..66  DDiissccuussssiioonn  ooff  rreevviieewwss  ooff  ggeenneettiicc  ffaaccttoorrss  

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, but which are not discussed in full here because they 
failed to satisfy the pre-specified eligibility criteria. This was usually because the articles 
contained insufficient information on the methods used to search for, appraise, summarise or 
include studies. These problems with the reporting of reviews of genetic association studies 
have been noted by others for health issues more widely[26], and the HuGENet project is 
seeking to improve the conduct and reporting of systematic reviews in the area of genetics 
(http://www.cdc.gov/genomics/hugenet/). Two of the large reviews identified (but deemed 
ineligible against the prespecified criteria for this systematic review) were by Nahed et al[27] 
of genetic factors in general and by Krischek and Inoue[28] of genetic linkage and candidate 
gene studies. However, they do contain valuable information and, so, in order to provide as 
comprehensive an account as possible of the studies of genetics that had been included in 
both the systematic reviews discussed above and the Nahed et al and Krischek and Inoue 
reviews, the following tables have been prepared for reports of individual genetic linkage 
studies and candidate gene studies. These show the individual articles and the reviews in 
which they feature. If the coverage of a specific genetic factor in one of the individual articles 
was commented on in the review, this is marked with a “Yes” in the relevant table. Some 
reviews did not comment on all of the genetic factors reported in an individual article, even 
though these may have been covered by other reviews (hence the “No” against some articles 
which were cited by a review for other reasons). 
 

Genetic loci Original study BG R8 R5 KI N 
1p36.1-34.3 Nahed et al 2005[29] Yes Yes Yes Yes Yes 

1p33 Onda et al 2001[23] No No No No Yes 
1p22.1 Onda et al 2001[23] No No No No Yes 
2p13 Roos et al 2004[30] Yes No Yes Yes No 

2p15-14 Roos et al 2004[30] No No No No Yes 
2q13 Onda et al 2001[23] No No No No Yes 
3q29 Onda et al 2001[23] No No No No Yes 

4p16.1-15.3 Olson et al 2002[31] No No No Yes Yes 
4q34.1 Onda et al 2001[23] No No No No Yes 

5p14.3-15.2 Verlaan et al 2006[32] No Yes No No No 
5q Roos et al 2004[30] Yes No No No No 

5q14.3 Onda et al 2001[23] No No No No Yes 
5q15 Onda et al 2001[23] No No No No Yes 

5q22-31 Onda et al 2001[23] Yes Yes Yes Yes Yes 
6q14.1 Olson et al 2002[31] No No No Yes Yes 
7p22.2 Olson et al 2002[31] No No No Yes Yes 
7p14.1 Onda et al 2001[23] No No No No Yes 
7q11 Farnham et al 2004[33] No No Yes Yes No 
7q11 Onda et al 2001[23] Yes Yes Yes Yes Yes 
7q11 Yamada et al 2003[34] No No No Yes No 

7q21.1 Onda et al 2001[23] No No No No Yes 
7q22.1 Onda et al 2001[23] No No No No Yes 
7q34 Olson et al 2002[31] No No No Yes Yes 
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9p24.2 Onda et al 2001[23] No No No No Yes 
11q13.2 Onda et al 2001[23] No No No No Yes 
11q25 Onda et al 2001[23] No No No No Yes 
11q25 Ozturk et al 2006[35] Yes Yes No No Yes 

13q14.2 Onda et al 2001[23] No No No No Yes 
14q22 Onda et al 2001[23] Yes Yes Yes Yes Yes 
14q22 Ozturk et al 2006[35] No No No No Yes 

14q23-31 Ozturk et al 2006[35] Yes Yes No No No 
14z23-31 Onda et al 2001[23] No Yes No No No 
14q24.2 Onda et al 2001[23] No No No No Yes 
14q24.3 Onda et al 2001[23] No No No No Yes 
14q34.2 Olson et al 2002[31] No No No Yes Yes 
17p11.2 Onda et al 2001[23] No No No No Yes 

17p12-q11.2 Yamada et al 2004[36] Yes No No Yes Yes 
18p11.4 Onda et al 2001[23] No No No No Yes 

19q13.1-13.3 Olson et al 2002[31] No Yes No Yes Yes 
19q13.2-13.3 Yamada et al 2004[36] Yes Yes No Yes Yes 
19q13.2-13.4 van der Voet et al 2004[37] No Yes Yes Yes Yes 

19q13.3 Mineharu et al 2007[38] No Yes No No No 
Xp22.2 Olson et al 2002[31] No No No Yes Yes 

Xp22.2-22.1 Yamada et al 2004[36] Yes No No Yes Yes 
BG: Biros and Golledge[22]; R8: Ruigrok et al 2008[24]; R5: Ruigrok et al 2005[25]; KI: 
Krischek and Inoue[28]; N: Nahed et al [27]  

Table 1: Genetic loci articles and the reviews in which they are included and discussed  

 
Candidate gene Original study R5 KI N 

Angiotensin-converting enzyme (17q23) Takenaka et al 1998[39] Yes Yes No 
Angiotensin-converting enzyme (17q23) Keramatipour et al 2000[40] Yes Yes No 
Angiotensin-converting enzyme (17q23) Slowik et al 2004[41] Yes Yes No 
Angiotensin-converting enzyme (17q23) Pannu et al 2005[42] No Yes No 

Apolipoprotein E (6q26-27) Roberts et al 2001[43] No Yes No 
Collagen type 1 (7q22.1) Yoneyama et al 2004[44] Yes Yes No 
Collagen type 3 (2q31) Ostergaard & Oxlund 1987[45] No No Yes 
Collagen type 3 (2q31) Kuivaniemi et al 1993[46] No Yes Yes 
Collagen type 3 (2q31) Brega et al 1996[47] Yes Yes No 
Collagen type 3 (2q31) van den Berg et al 1999[48] No Yes No 

Elastase and α1 antitrypsin  
(19p13.3, 14q32) 

Baker et al 1995[49] No No Yes 

Elastase and α1 antitrypsin  
(19p13.3, 14q32) 

Tartara et al 1996[50] No No Yes 

Elastase and α1 antitrypsin  
(19p13.3, 14q32) 

St Jean et al 1996[51] Yes Yes No 

Elastase and α1 antitrypsin  
(19p13.3, 14q32) 

Schievink et al 1996[52] Yes No No 

Elastase and α1 antitrypsin  
(19p13.3, 14q32) 

Connolly et al 1997[53] No No Yes 

Elastase and α1 antitrypsin  
(19p13.3, 14q32) 

Krex et al 2001[54] No No Yes 

Elastase and α1 antitrypsin  Yoneyama et al 2004[44] No Yes Yes 
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(19p13.3, 14q32) 
Elastin (7q11.23) Onda et al 2001[23] No Yes Yes 
Elsatin (7q11.23) Hofer et al 2003[55] No Yes No 
Elastin (7q11.23) Krex et al 2004[56] No Yes Yes 
Elastin (7q11.23) Ruigrok et al 2004[57] No Yes Yes 
Elastin (7q11.23) Berthelemy-Okazaki et al 

2005[58] 
No Yes No 

Endoglin (9q33-9q34.1) Takenaka et al 1999[59] Yes Yes Yes 
Endoglin (9q33-9q34.1) Krex et al 2001[54] Yes Yes Yes 
Endoglin (9q33-9q34.1) Onda et al 2003[60] Yes Yes Yes 
Endoglin (9q33-9q34.1) Pera et al 2005[61] No Yes No 
Endoglin (9q33-9q34.1) Peters et al 2005[62] No Yes No 

Endothelial nitric oxide synthase (7q36) Khunara et al 2003[63] No Yes Yes 
Endothelial nitric oxide synthase (7q36) Khunara et al 2004[64] No Yes No 
Endothelial nitric oxide synthase (7q36) Khunara et al 2005[65] No Yes Yes 
Endothelial nitric oxide synthase (7q36) Akagawa et al 2005[66] No Yes Yes 

Fibrillin (5q23-31) Conway et al 1999[67] No No Yes 
Fibrillin (5q23-31) Yoneyama et al 2003[68] Yes Yes No 

Heme oxygenase-1 (22q13) Morgan et al 2005[69] No Yes No 
Interleukin 1-beta (2q14) Slowik et al 2006[70] No Yes No 
Lysyl oxidase (5q23.2) Yoneyama et al 2003[68] Yes Yes No 
Lysyl oxidase (5q23.2) Hofer et al 2004[71] Yes Yes No 

Metalloproteinase-1, 3, 12 Yoon et al 1999[72] Yes No No 
Metalloproteinase-1, 3, 12 Zhang et al 2001[73] Yes No No 

Metalloproteinase-9 (20q11.2-13.1) Yoon et al 1999[72] Yes No No 
Metalloproteinase-9 (20q11.2-13.1) Peters et al 1999[74] Yes Yes No 
Metalloproteinase-9 (20q11.2-13.1) Zhang et al 2001[73] Yes Yes No 
Metalloproteinase-9 (20q11.2-13.1) Krex et al 2004[75] Yes Yes No 

NADPH oxidase (16q24) Krex et al 2003[76] Yes Yes No 
Phospholipase C (20q12-13.1) Takenaka et al 1999[77] Yes Yes No 

Polycystin (16p13) Schievink et al 1992[78] No No Yes 
Polycystin (16p13) Chapman et al 1993[79] No No Yes 
Polycystin (16p13) Chauveau et al 1994[80] No No Yes 
Polycystin (16p13) Pirson et al 1995[81] No No Yes 
Polycystin (16p13) Watnick et al 1999[82] No No Yes 
Polycystin (16p13) Pirson et al 2002[83] No No Yes 

SERPINA3 (14q32.1) Slowik et al 2005[84] No Yes No 
TIMPS 1, 2, 3 

(Xp11.3-11.23, 17q25 22q12.3) 
Krex et al 2003[85] Yes Yes No 

Transforming Growth Factor-β receptors 
(9q, 3p, 1p) 

Loeys et al 2005[86] No No Yes 

Transforming Growth Factor-β receptors 
(9q, 3p, 1p) 

Nahed et al 2007[27] No No Yes 

R5: Ruigrok et al 2005[25]; KI: Krischek and Inoue[28]; N: Nahed et al [27]  
Table 2: Candidate gene articles and the reviews in which they are included  
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66  SSuummmmaarryy  ooff  ffiinnddiinnggss  ffrroomm  ssyysstteemmaattiicc  rreevviieewwss  ooff  nnoonn--ggeenneettiicc  rriisskk  

ffaaccttoorrss  

66..11  SSeexx  

The most comprehensive review identified that dealt in detail with the association between 
sex and subarachnoid haemorrhage was by de Rooij et al[87]. They showed a significant 
increased risk for women compared to men. They obtained an overall annual incidence of 
11.5 per 100,000 (95% confidence interval (CI) 10.6 to 12.6) for women and 9.2 per 100,000 
(95% CI 8.4 to 10.2) for men. The incidence was 1.24 (95% CI 1.09 to 1.42) times higher for 
women compared to men. 
 
Studies of the relationship between sex and the presence of an intracranial aneurysm were 
reviewed by Rinkel et al[10]. They calculated a prevalence for women of 4.6% (95% CI 3.5% 
to 5.9%) compared to 3.5% (95% (CI) 2.7% to 4.5%) for men. 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). This 
review also assessed the risk of subarachnoid haemorrhage in patients with unruptured 
aneurysms and this analysis was updated in 2007[88], finding a relative risk for rupture 
among women compared to men of 1.6 (95% CI 1.1 to 2.4). 
 
Other systematic reviews of sex were reported by Morita et al for studies on the natural 
course of unruptured cerebral aneurysms in Japanese institutions[89] and by Gieteling and 
Rinkel for the relationship between sex and subarachnoid haemorrhage among patients with 
autosomal dominant polycystic kidney disease (see section 6.12)[11]. 
 

66..22  AAggee  

The de Rooij et al review included an assessment of the relationship between age and the 
incidence of subarachnoid haemorrhage[87]. In combining the results of 20 studies, they 
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 Table 3 shows their findings by age group. 
 

Age group Annual risk per 100,000 (95% CI) 
<25 years 2.0 (1.6 to 2.6) 

25-35 years 7.7 (6.8 to 8.8) 
35-45 years 10.5 (9.0 to 11.3) 
45-55 years 19.5 (17.8 to 21.4) 
55-65 years 24.8 (22.7 to 27.2) 
65-75 years 25.4 (23.1 to 28.0) 
75-85 years 26.2 (22.5 to 30.4) 
>85 years 31.3 (24.6 to 39.8) 

Table 3: Risk for subarachnoid haemorrhage by age[source: 87] 

 
They also compared each age group to a reference standard of people aged 45-55 years 
and, for example, found that the incidence was 0.40 (95% CI 0.34 to 0.46) for people aged 
25-35 and 1.30 (95% CI 1.14 to 1.49) for those aged 65-75. 
 
The Wermer et al review investigated the risk of subarachnoid haemorrhage in patients with 
a known unruptured aneurysm[88]. Using data from 17 studies, they found a relative risk of 
1.1 (95% CI 0.5 to 2.2) for people aged 20-39 years compared to those aged 40-59 years, 
and of 2.0 (95% CI 1.1 to 3.7) for the 60-79 years age group compared to the 40-59 years 
group. 
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The Morita et al review of Japanese studies[89] and the Gieteling et al review of autosomal 
dominant polycystic kidney disease[11] also investigated age. 
 

66..33  EEtthhnniicciittyy  

Several different categorisations for ethnicity were used in the systematic reviews identified 
previously. Feigin et al found an increased risk of subarachnoid haemorrhage among 
populations classified as “non-white” compared to “white”[90]. 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[89]. Within North America and Europe, Linn et al pointed to the high incidence of 
subarachnoid haemorrhage in Finland[91]. The Wermer et al review examined the influence 
of Japanese or Finnish descent on the risk of rupture of known intracranial aneurysms and 
calculate a relative risk for Japanese and Finnish patients compared to others was 3.4 (95% 
CI 2.6 to 4.4)[88]. 
 

66..44  SSiittee  ooff  aanneeuurryyssmm  

The Wermer et al review[88] updated the earlier review by Rinkel et al[10] in regard to the 
association between site and subarachnoid haemorrhage for the general population. They 
calculated annual risks of rupture for aneurysms on the anterior communicating artery (1.8%, 
based on 19 ruptures in 1083 patient years of follow-up), internal carotid artery (including and 
excluding the posterior communicating artery) (1.3% from 46 ruptures in 3558 years and 
1.0% from 8 in 813, respectively), posterior communicating artery (2.2%, 7 in 317 years), 
middle cerebral artery (1.2%, 33 in 2734 years), cavernous sinus (0.1%, 2 in 2159 years) and 
posterior circulation (defined as vetebral artery, basilar artery and posterior cerebral artery) 
(3.3%, 26 in 791 years). 
 
Other reviews of site of aneurysm were those by Mira et al with a particular focus on the 
anterior communicating artery[92]; the Japanese review by Morita et al[89] and the Gieteling 
et al review of the relationship between autosomal dominant polycystic kidney disease and 
subarachnoid haemorrhage[11]. 
 

66..55  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)[88]. They report 10 ruptures 
in 1939 patient years of follow-up for aneurysms that were smaller than 5 mm (annual risk: 
0.5%), 32 ruptures in 7206 years for aneurysms of < 7 mm (0.4%), 14 ruptures in 1187 
patients years for those between 5 mm and 10 mm (1.2%), 55 ruptures in 3670 years for > 
10 mm (1.5%), 42 ruptures in 1089 years for > 12 mm (3.9%), and 18 ruptures in 293 years 
for those larger than 15 mm (6.1%). 
 
The Morita et al review of Japanese studies[89] and the Gieteling et al review of autosomal 
dominant polycystic kidney disease[11] also investigated size of aneurysm. 
 

66..66  SSyymmppttoommss  bbeeffoorree  tthhee  ssuubbaarraacchhnnooiidd  hhaaeemmoorrrrhhaaggee  

Wermer et al categorised aneurysms into incidental, symptomatic and additional[88]. The 
latter category was used for unruptured aneurysms that were found after another aneurysm 
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had ruptured causing a subarachnoid haemorrhage. There were 50 ruptures in 3315 patient 
years of follow-up for patients with incidental aneurysms (annual risk: 1.5%); 31 ruptures in 
472 years among patients who had had previous symptoms (6.6%) and 46 during 3158 
years for additional aneurysms (1.5%). 
 
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[89]. 
 

66..77  PPrreevviioouuss  ssuubbaarraacchhnnooiidd  hhaaeemmoorrrrhhaaggee  

The Morita et al review of studies in patients with unruptured cerebral aneurysms published 
by Japanese institutions investigated whether a previous subarachnoid haemorrhage was a 
risk factor for a future subarachnoid haemorrhage[89]. 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 
and 2.8% (95% CI 1.8% to 4.0%) for patients with a previous subarachnoid haemorrhage. 
The relative risk comparing patients with a previous subarachnoid haemorrhage versus those 
having their first subarachnoid haemorrhage was 1.3 (95% CI 0.85 to 2.0). 
 

66..88  BBlloooodd  pprreessssuurree  

Four systematic reviews reported on the relationship between blood pressure and 
subarachnoid haemorrhage. Two of these can be paired as the original and the updated 
review from the same research team[90, 93].  
 
The reviews include an individual patient data meta-analysis by the Asia Pacific Cohort 
Studies Collaboration (APCSC)[94, 95], which includes data on 306,620 participants in 26 
cohort studies, with nearly 1.9 million person years of follow-up. The hazard ratio for 
subarachnoid haemorrhage was 2.0 (95% CI 1.5 to 2.7), comparing people with systolic 
blood pressure of 140 mm Hg or above versus those with lower blood pressure. They 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 update[90] of the Teunissen et al review[93] and the Krishna and Kim 
review[96] which relied on aggregate data also concluded that higher blood pressure is 
statistically significantly associated with a higher risk of subarachnoid haemorrhage. 
 

66..99  CChhoolleesstteerrooll  

The relationship between cholesterol and subarachnoid haemorrhage was investigated in the 
individual patient data meta-analyses by the Asia Pacific Cohort Studies Collaboration 
(APCSC)[95] and the review of aggregate data by Feigin et al[90], which updated the earlier 
review by Teunissen et al[93]. 
 
The APCSC review found a hazard ratio for subarachnoid haemorrhage of 0.9 (95% CI 0.7 to 
1.3) when comparing people with cholesterol of 4.5 mmol/L or higher versus those with lower 
levels. The Feigin et al review also concluded that hypercholesterolemia appears to be a 
risk-reducing factor for subarachnoid haemorrhage[90]. 
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66..1100  DDiiaabbeetteess  

In relation to diabetes, Feigin et al wrote “an unexpected and new finding in this review was 
that diabetes mellitus was associated with substantial reduction of the risk of subarachnoid 
haemorrhage”[90]. 
 

66..1111  BBooddyy  mmaassss  iinnddeexx  

The APCSC review analysed body mass index (BMI) as a continuous variable (not reported) 
and by dividing the participants into two groups: BMI below 22 kg/m2 and BMI equal to, or 
greater than, 22 kg/m2[95]. 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 
threshold was used in the review by Feigin et al and they concluded that the evidence from 
the three studies they included was inconsistent[90]. 
 

66..1122  PPoollccyyssttiicc  kkiiddnneeyy  ddiisseeaassee  

The main focus of the afore-mentioned Gieteling et al review was the demographics of 
patients with autosomal dominant polycystic kidney disease (ADPKD) and intracranial 
aneurysms or subarachnoid haemorrhage[11]. Data were pooled from 53 articles, with a total 
of 369 ADPKD patients, among whom there were 462 intracranial aneurysms, and 258 of the 
patients had had a subarachnoid haemorrhage. The article also includes data from the 
authors’ own register of 1147 patients, of whom five (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, but compares and contrasts the influence of other risk 
factors in patients with and without ADPKD. For example, they note greater similarity 
between the risks for men and women with ADPKD, a younger mean age for subarachnoid 
haemorrhage in ADPKD patients, the typically larger size of aneurysms for patients with 
ADPKD, and a higher proportion of patients with a first or second degree relative with a 
subarachnoid haemorrhage or intracranial aneurysm (40% of patients with ADPKD, 
compared to approximately 14% of patients without ADPKD) (see section 5.1). 
 
The relationship between polycystic kidney disease and subarachnoid haemorrhage was 
also investigated in three other reviews[10, 97, 98].  
 

66..1133  SSmmookkiinngg  

Five systematic reviews reported on the relationship between smoking and subarachnoid 
haemorrhage. 
 
The individual participant data in the Asia Pacific Cohort Studies Collaboration review 
revealed a hazard ratio for current smoking compared to not smoking (which included both 
former smokers and never smokers) of 2.4 (95% CI 1.8 to 3.4)[95]. This was independent of 
sex, age or whether the participants were in Asia or Australasia. 
 
The Feigin et al update[90] of the of the Teunissen et al review[93] found a consistent, 
statistically significant association between smoking and increased risk of subarachnoid 
haemorrhage. The Krishna and Kim review included five cohort and 16 case control studies 
of the relationship between smoking and subarachnoid haemorrhage[96]. Their meta-
analysis of current smoking versus non smoking (including both former smokers and never 
smokers) using the 16 case control studies obtained an odds ratio of 3.2 (95% CI 2.5 to 4.1) 
and their meta-analysis of the five cohort studies obtained a relative risk for current smoking 
versus non smoking of 3.2 (95% CI 2.4 to 4.3). 
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The review by Lee and Forey investigated the relationship between passive smoking (or 
environmental tobacco smoke) and stroke[99]. They estimated 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 but do not report a separate analysis for subarachnoid haemorrhage 
although they do comment “it is of interest that no elevated risk was seen for subarachnoid 
haemorrhage”.  
 

66..1144  AAllccoohhooll  

The APCSC review calculated a hazard ratio for subarachnoid haemorrhage among people 
who currently drank alcohol compared to those who did not of 1.0 (95% CI 0.7 to 1.4). The 
latter group included both people who formerly drank alcohol and those who had never drank 
it[95]. 
 
The Feigin et al update[90] of the Teunissen et al review[93] used aggregate data to 
investigate relationships between the quantity of alcohol drank and subarachnoid 
haemorrhage. They concluded that excessive alcohol intake had a statistically significant and 
consistent association with an increased risk of subarachnoid haemorrhage. Krishna and Kim 
used the same categories for alcohol consumption (ie none, < 150 g/wk and > 150 g/wk) and 
found that an increased risk of subarachnoid haemorrhage among drinkers, in particular 
those drinking more than 150 g/wk[96]. 
 

66..1155  AAssppiirriinn  

One review was identified of the relationship between aspirin and stroke[100], assessing the 
effects of medium or long term use of aspirin on risks of intracranial haemorrhage, including 
subarachnoid haemorrhages. The authors, 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.  
 

66..1166  TThhrroommbboollyyssiiss  

Aleu et al did a systematic review of the association between thrombolysis for ischemic 
stroke and hemorrhagic complications including subarachnoid haemorrhage[101]. They do 
not quantify the risk but identified included two patients with subarachnoid haemorrhage who 
had received thrombolysis for ischemic stroke and four patients with intracranial aneurysms 
who had received thrombolysis for reasons other than stroke. Three of these patients had the 
unruptured aneurysm treated and one, whose aneurysm was not treated, had a 
subarachnoid haemorrhage. 
 

66..1177  OOrraall  ccoonnttrraacceeppttiivveess  

Johnston et al reviewed studies of the relationship between oral contraceptives and 
subarachnoid haemorrhage. Their overall conclusion is that oral contraceptive use is 
associated with a small increased risk of subarachnoid haemorrhage[102]. The relationship 
was also investigated by Feigin el[90], using different eligibility criteria to Johnston et al. The 
reviewers concluded that the use of oral contraceptive did not affect the risk of subarachnoid 
haemorrhage and contrasted their findings with those of Johnston et al, writing “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 
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SAH. The reason for the discrepancy might be the less stringent study selection criteria 
(especially for the diagnosis of SAH) in the other review”. 
 
Three other systematic reviews of oral contraceptives were identified. One was the 
Teunissen et al review[93] which was updated by Feigin et al[90] (as above) and the other 
two reviews were done earlier than these three[103, 104]. 
  

66..1188  HHoorrmmoonnee  rreeppllaacceemmeenntt  tthheerraappyy  

Feigin et al[90] found that hormone replacement therapy appeared to be a risk reducing 
factor for subarachnoid haemorrhage. The relative risk from the one longitudinal study they 
found of current use versus never/former use was 0.6 (95% CI 0.2 to 1.5) and their combined 
analysis of two case control studies revealed an odds ratio of 0.6 (95% CI 0.4 to 0.8). 
 

66..1199  SSppiinnaall  mmaanniippuullaattiioonn  

Vohra et al did a systematic review of the adverse consequences of spinal manipulation in 
children but do provide an estimate of the incidence of subarachnoid haemorrhage following 
this intervention[105]. They found 13 studies that were eligible, with 14 adverse events 
directly related to the spinal manipulation. One of these was a subarachnoid haemorrhage 
leading to death in a baby aged three months.  
 

66..2200  PPhhyyssiiccaall  aaccttiivviittyy  

Feigin et al examined the relationship between regular vigorous exercise (not defined) and 
subarachnoid haemorrhage and concluded that the evidence in the three studies they found 
was inconsistent[90]. Qiu et al summarised literature on exercise related sudden death, 
identifying 16 articles, but they do not estimate a risk for the relationship between exercise 
and subarachnoid haemorrhage[106]. 
 

66..2211  TTiimmee  ooff  ddaayy,,  wweeeekkddaayy  oorr  sseeaassoonn  

Two systematic reviews reported on subarachnoid haemorrhage at different times of day, on 
different days of the week, and during different seasons. Vermeer et al combined data from 
ten studies with their own data on 422 patients, giving a total of 2778 patients[107]. They 
concluded that they “did not find a preferred day of the week” for subarachnoid haemorrhage 
and 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”. The relative risk for a subarachnoid 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 said to be non significant and was not reported. 
 
Feigin et al investigated time of day, weekday and season of the year[108]. 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. Comparing the other six days individually 
with Monday as the reference standard, they found one statistically significant relative risk: 
Sunday (relative risk: 1.22, 95% CI 1.09 to 1.37, compared to Monday). The relative risk for 
subarachnoid haemorrhage in winter compared to summer was found to be 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 
comparison of autumn to summer was not significant and was not reported as a relative risk. 
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77  DDiissccuussssiioonn  

This report is based on a systematic review of a series of 70 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 December 2008. 
 
The previous version of this review (deliverable D28) contained the extracted numerical 
estimates of the risks of rupture of a known aneurysm in people with different characteristics 
along with the extracted 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. This version focuses on the reviews of genetic factors and includes a 
discussion of the identified reviews, and comprehensive Tables showing the articles that 
were included in those systematic reviews and in two other major review articles. The 
knowledge presented in this report and in the previous one (deliverable D28) could be used 
in building risk models within @neurIST, in other risk models, and in planning and 
interpreting genetic analyses.  
 
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[1]. As additional reviews come to light, it should be possible to 
include them in any future updates of this systematic review.  
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AAnnnneexx  11..  CChhaarraacctteerriissttiiccss  ooff  iinncclluuddeedd  ssyysstteemmaattiicc  rreevviieewwss  ooff  ggeenneettiicc  

ffaaccttoorrss  

RReevviieeww  

Biros and Golledge 2008 [22] 

RRiisskk  ffaaccttoorrss  iinnvveessttiiggaatteedd  

Genetic loci. 

DDaattaabbaasseess  sseeaarrcchheedd  

PubMed was searched with the terms “intracranial aneurysm” and “genetic” or “linkage” 
(dates not reported). 

OOtthheerr  sseeaarrcchheess  ddoonnee  

Reference lists of identified articles were checked. 

AAnnyy  llaanngguuaaggee  rreessttrriiccttiioonnss  

Not reported. 

EElliiggiibbiilliittyy  ccrriitteerriiaa  

Studies assessing the linkage of autosomal genome sites with familial intracranial 
aneurysm, which presented a detailed genome map from autosomal chromosomes for 
further analysis. Two studies were not included because of insufficient detail on their linkage 
data. 
 
If patients had been included in a previous report, the study was excluded. 

HHooww  wweerree  tthhee  eelliiggiibbiilliittyy  ccrriitteerriiaa  aapppplliieedd??  

Not reported. 

WWhhoo  eexxttrraacctteedd  tthhee  ddaattaa??  

Not reported. 

WWeerree  uunnppuubblliisshheedd  ddaattaa  oobbttaaiinneedd??  

If reports did not contain sufficient data, the information was requested from the 
corresponding authors. 

WWhhaatt  iinnffoorrmmaattiioonn  iiss  rreeppoorrtteedd  ffoorr  eeaacchh  ssttuuddyy??  

Reference, country, ethnicity, criteria for cases and controls, number of families, number of 
cases, weighting factor, markers, analysis, and linkage sites.  

HHooww  wweerree  tthhee  mmeettaa--aannaallyysseess  ddoonnee  

A heterogeneity-based genome search meta-analysis (HEGESMA) was used to synthesise 
the available genome-wide scan data, in order to identify genetic regions with linkage to 
intracranial aneurysms. For each study, every one of 120 “bins” (30 cM regions defined by 
the Marshfield genetic linkage maps) was assigned a within-study rank based on the 
maximum linkage score within the bin. The bin with the most significant result was scored 
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120, down to 1 for the bin with the least significant result; and these values were summed 
across the studies. The p-value for these summed ranks the p-value for the Q statistics 
were obtained by 10,000 permutations of the ranked datasets that were multiplied by a 
weighting factor so that the results reflected the weight of each study and allowed for 
multiple testing. Analyses were done using HEGESMA_v2.0. 

RReessuullttss  rreelleevvaanntt  ttoo  ggeenneettiicc  ffaaccttoorrss  

Five studies met the inclusion criteria and were included in the genome scan meta-analysis. 
These included a total of 263 cases from 118 families, but the bulk of the data came from 
two Japanese studies (247 cases from 114 families). 
 
The primary analysis identified five loci associated with intracranial aneurysms at p<0.05. 
These were 17p12-q21.33 (p=0.0011), 3q27.3-3qter (p=0.0024), 11q24.1-qter (p=0.0253), 
1p35.3-p32.2 (p=0.0284) and 14q24.1-q32.12 (p=0.0463). 
 
The five studies included in the meta-analysis are 
1) Onda H, Kasuya H, Yoneyama T, Takakura K, Hori T, Takeda J, Nakajima T, Inoue I. 
Genomewide-linkage and haplotype-association studies map intracranial aneurysm to 
chromosome 7q11. American Journal of Human Genetics 2001; 69: 804-819.[23] 
 
2) Yamada S, Utsunomiya M, Inoue K, Nozaki K, Inoue S, Takenaka K, Hashimoto N, 
Koizumi A. Genome-wide scan for Japanese familial intracranial aneurysms: linkage to 
several chromosomal regions. Circulation 2004; 110: 3727-3733.[36] 
 
3) Roos YB, Pals G, Strucycken PM, Rinkel GJ, Limburg M, Pronk JC, van den Berg JS, 
Lluitjen JA, Pearson PL, Vermeulen M, Westerveld A. Genome-wide linkage in a large 
Dutch consanguineous family maps a locus for intracranial aneurysms to chromosome 
2p13. Stroke 2004; 35: 2276-2281.[30] 
 
4) Nahed BV, Seker A, Guclu B, Ozturk AK, Finberg K, Hawkins AA, DiLuna ML, State M, 
Lifton RP, Gunel M. Mapping a Mendelian form of intracranial aneurysm to 1p34.3-p36.13. 
American Journal of Human Genetics 2005; 76: 172-179.[29] 
 
5) Ozturk AK, Nahed BV, Bydon M, Bilguvar K, Goksu E, Bademci G, Guclu B, Johnson 
MH, Amar A, Lifton RP, Gunel M. Molecular genetic analysis of two large kindreds with 
intracranial aneurysms demonstrates linkage to 11q24-25 and 14q23-31. Stroke 2006; 37: 
1021-1027.[35] 
 
The two potentially eligible studies excluded from the meta-analysis because of insufficient 
data are 
6) Olson JM, Vongpunsawad S, Kuivaniemi H, Ronkainen A, Hernesniemi J, Ryynanen M, 
Kim LL, Tromp G. Search for intracranial aneurysms susceptibility gene(s) using Finnish 
families. BMC Medical Genetics 2002; 3: 7.[31] 
 
7) Verlaan DJ, Dubé MP, St-Onge J, Noreau A, Roussel J, Satgé N, Wallace MC, Rouleau 
GA. A new locus for autosomal dominant intacranial aneurysm, ANIB4, maps to 
chromosome 5p15.2-14.3. Journal of Medical Genetics 2006; 43: e31.[32] 
 
The article is excluded because its data had been included in an earlier report is 
8) Mineharu Y, Inoue K, Inoue S, Yamada S, Nozaki K, Hashimoto N, Koizumi A. Model-
based linkage analyses confirm chromosome 19q133 as a susceptibility locus for 
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intracranial aneurysm. Stroke 2007; 38: 1174-1178.[38] 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  hheetteerrooggeenneeiittyy??  

In the meta-analyses, the Q statistic was calculated to assess heterogeneity in the findings 
of the different studies. No significant heterogeneity was detected. 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  ppuubblliiccaattiioonn  bbiiaass??  

Nothing. 

WWhhaatt  sseennssiittiivviittyy  aannaallyysseess  wweerree  ddoonnee??  

The three caucasian studies (which were also the three smallest studies) were excluded, 
leaving just the two Japanese studies. This produced similar results to the overall meta-
analysis, with four loci remaining statistically significant: 17p12-q21.33 (p=0.0044), 3q27.3-
3qter (p=0.0097), 14q24.1-q32.12 (p=0.0113), and 11q24.1-qter (p=0.0115). 
 

RReevviieeww  

Gieteling 2003 [11] 

RRiisskk  ffaaccttoorrss  iinnvveessttiiggaatteedd  

Autosomal dominant polycystic kidney disease (ADPKD) 

DDaattaabbaasseess  sseeaarrcchheedd  

MEDLINE (1980 to 2000) using “polycystic kidney” combined with “aneurysm” or 
“subarachnoid haemorrhage” or “subarachnoid hemorrhage”. 

OOtthheerr  sseeaarrcchheess  ddoonnee  

Reference lists of all relevant publications were checked. The authors also studied their own 
database of patients treated for subarachnoid haemorrhage between 1978-1999, for the 
presence of ADPKD and found 5 such patients (0.44%) among 1147 patients. 

AAnnyy  llaanngguuaaggee  rreessttrriiccttiioonnss  

Articles in English, Dutch, French, German, Italian and Spanish were eligible; along with 
articles in other languages if an adequate English language summary was available. 

EElliiggiibbiilliittyy  ccrriitteerriiaa  

All articles that described a kidney disease as autosomal dominant polycystic kidney 
disease, adult polycystic kidney disease, cystic kidneys Potter type III or polycystic kidney 
disease were eligible. Articles on autosomal recessive polycystic kidney disease or 
extracranial aneurysms were not eligible. 
 
Data were extracted on gender, location and size of aneurysm, presence of multiple 
aneurysms, size of the ruptured aneurysms, family history of intracranial aneurysms or 
subarachnoid haemorrhage (separating first and second degree relatives where possible), 
age at the time of subarachnoid haemorrhage and outcome after subarachnoid 
haemorrhage. 

HHooww  wweerree  tthhee  eelliiggiibbiilliittyy  ccrriitteerriiaa  aapppplliieedd??  
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Not reported. 

WWhhoo  eexxttrraacctteedd  tthhee  ddaattaa??  

Not reported. 

WWeerree  uunnppuubblliisshheedd  ddaattaa  oobbttaaiinneedd??  

Not reported (but the authors’ own data is discussed in the review). 

WWhhaatt  iinnffoorrmmaattiioonn  iiss  rreeppoorrtteedd  ffoorr  eeaacchh  ssttuuddyy??  

Reference. 

HHooww  wweerree  tthhee  mmeettaa--aannaallyysseess  ddoonnee??  

Proportions and 95% confidence intervals were calculated. 

RReessuullttss  rreelleevvaanntt  ttoo  ggeenneettiicc  ffaaccttoorrss  

59 articles were identified. Six were excluded because they could not be retrieved in the 
Netherlands (4) or were in Japanese without an English summary (2). 53 articles were 
included, 43 of which were written in English. Most of the articles were from Japan (18) or 
the USA (16). The 53 articles included 369 ADPKD patients, with 462 intracranial 
aneurysms. The mean number of patients per article was 7 (range 1 to 77). The aneurysm 
was identified following a subarachnoid haemorrhage in 258 patients and was found by 
screening in the other 111 patients. Subarachnoid haemorrhage had occurred in 258 
patients. 
 
40% (102) of 253 patients with data about relatives had a positive family history for 
intracranial aneurysms or subarachnoid haemorrhage. Among the patients who had had a 
subarachnoid haemorrhage, 30% (40) of 133 patients with data about relatives, had a 
positive family history for intracranial aneurysms or subarachnoid haemorrhage. 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  hheetteerrooggeenneeiittyy??  

Nothing. 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  ppuubblliiccaattiioonn  bbiiaass??  

 “The reporting of positive family history in particular may be influenced by publication bias, 
because screening may have been performed frequently in ADPKD families and positive 
findings may have been reported more frequently.” 

WWhhaatt  sseennssiittiivviittyy  aannaallyysseess  wweerree  ddoonnee??  

Authors report that 11 of the 53 included articles do not specify the disease beyond 
polycystic kidney disease, but they note that it is unlikely that any patients with autosomal 
recessive polycystic kidney disease have been included in the review because of this, since 
most people with this condition die within days of birth. 
 
Authors were unable to distinguish between the subsets of patients with ADPKD in whom 
the gene responsible is localised on chromosome 16p (PKD1) and those in whom it is 
localised on chromosome 4q (PKD2). 
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RReevviieeww  

Lanterna 2007 [19] 

RRiisskk  ffaaccttoorrss  iinnvveessttiiggaatteedd  

Apolipoprotein E Genotype (APOE) and outcome following subarachnoid haemorrhage. 

DDaattaabbaasseess  sseeaarrcchheedd  

Two authors independently searched MEDLINE, EMBASE, CINAHL, LILACS and The 
Cochrane Library up to March 2006, using eight text words. These words were “aneurysm”, 
“subarachnoid ha(e)morrhage”, “vasospasm”, “outcome”, “apolipoprotein E”, “brain”, 
“cerebrovascular disease”, and “genetics” but the way in which they were combined in the 
searches is not reported. The authors also searched www.google.it (terms not reported). 

OOtthheerr  sseeaarrcchheess  ddoonnee  

Reference lists of all retrieved publications were checked. Journals that yielded more than 
10% of all studies identified electronically and the abstracts of international conferences 
(further details not reported) were handsearched for January 2000 to March 2006. 

AAnnyy  llaanngguuaaggee  rreessttrriiccttiioonnss  

No language restrictions were used. 

EElliiggiibbiilliittyy  ccrriitteerriiaa  

Studies on APOE and subarachnoid haemorrhage in which (1) the diagnosis of 
subarachnoid haemorrhage was by CT or lumbar puncture with identification of an 
aneurysm; (2) cases were enrolled consecutively; (3) follow-up was at least three months; 
(4) functional outcomes were measured with either the Glasgow Outcome Scale or the 
Rankin Disability Index. 
 
If a study reported on patients with conditions other than subarachnoid haemorrhage, such 
patients were excluded and if different types of stroke could not be dis-aggregated to 
identify the subarachnoid haemorrhage subset, the study was excluded. In the case of 
duplicate studies, the smaller dataset was excluded.  

HHooww  wweerree  tthhee  eelliiggiibbiilliittyy  ccrriitteerriiaa  aapppplliieedd??  

Not reported. 

WWhhoo  eexxttrraacctteedd  tthhee  ddaattaa??  

Two authors extracted data independently, with disagreements resolved by consensus. The 
corresponding authors of included studies were asked to check the extracted data. 

WWeerree  uunnppuubblliisshheedd  ddaattaa  oobbttaaiinneedd??  

If a study did not report the necessary data, the author was contacted for additional 
information. Attempts were also made to contact the principal investigators of all eligible 
studies, inviting them to join the collaborative group and contribute data for central re-
analysis. Those responsible for seven of the eight included studies accepted this invitation 
and provided their data. 
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WWhhaatt  iinnffoorrmmaattiioonn  iiss  rreeppoorrtteedd  ffoorr  eeaacchh  ssttuuddyy??  

Reference; country; whether the study was retrospective or prospective; whether blinding 
was used; duration of follow-up; outcomes reported and clinical outcome instrument; 
number of patients and number of poor outcomes, number of women, mean age, 
percentage comatose, and amount of bleeding in the ε4+ and ε4- groups. 

HHooww  wweerree  tthhee  mmeettaa--aannaallyysseess  ddoonnee  

The odds ratio and its 95% confidence interval was calculated for each study for ε4+ versus 
ε4- on the risk of a poor clinical outcome (death, dependency or severe cognitive 
impairment) or delayed ischaemia. In the absence of heterogeneity, fixed effects meta-
analyses were done using the odds ratios. If heterogeneity was detected and was judged to 
be due to variability within the sample, the random effects model was used for the meta-
analysis. Subgroup analyses were performed dividing continuous variables at the median 
value. 

RReessuullttss  rreelleevvaanntt  ttoo  ggeenneettiicc  ffaaccttoorrss  

Eight studies were included. A further five studies were deemed eligible but were excluded 
because of insufficient data for analysis, redundancy or outcomes that were unsuitable for 
the meta-analysis. In the clinical outcome review, there were 696 patients of whom 175 
were ε4+. In the delayed ischaemia review, there were 600 patients, of whom 161 were ε4+. 
Seven of the eight studies provided data for central analysis. 
 
203 poor clinical outcome events were included in the initial meta-analysis of these seven 
studies but there was high heterogeneity. After the exclusion of two outliers, the meta-
analysis of five studies (457 patients, 118 poor outcomes) produced an odds ratio for good 
outcome of 2.56 (95% CI 1.61 to 4.07) for ε4- compared to ε4+. 
 
198 delayed ischamia events were included in the initial meta-analysis of six studies but 
there was high heterogeneity. After the exclusion of two outliers, the meta-analysis of four 
studies (303 patients, 87 events) produced an odds ratio for the avoidance of delayed 
ischaemia of 2.04 (95% CI 1.22 to 4.60) for ε4- compared to ε4+. 
 
Subgroup analyses are presented for delayed ischaemia by age, percentage of comatose 
patients, relative frequency of delayed ischaemia; which had been identified as possible 
sources of heterogeneity in the overall meta-analysis of this outcome. 
. 
The five studies included in the meta-analysis of clinical outcomes are 
1) Niskakangas T, Ohman J, Niemela M, Ilveskoski F, Kannus TA, Karhunen PJ. 
Association of apolipoprotein E polymorphism with outcome after aneurysmal subarachnoid 
haemorrhage: a preliminary study. Stroke 2001; 32: 1181-1184. 
 
2) Leung CH, Poon WS, Yu LM, Wong GK, Ng HK. Apolipoprotein E genotype and outcome 
in aneurysmal subarachnoid haemorrhage: a preliminary study. Stroke 2002; 33: 548-552. 
 
3) Tang J, Zhao J, Zhao Y, Wang S, Chen B, Zeng W. Apolipoprotein E epsilon4 and the 
risk of unfavorable outcome after aneurysmal subarachnoid hemorrhage. Surgical 
Neurology 2003; 60: 391-396. 
 
4) Lanterna LA, Rigoldi M, Tredici G, et al. APOE influences vasospasm and cognition on 
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non-comatose patients with subarachnoid haemorrhage. Neurology 2005; 64: 1238-1244. 
 
5) Alexander S, Kerr M, Conley YP, Kong Y, Yonas H. Apolipoprotein E genotype in the 
subarachnoid hemorrhage population. Nursing Health Sciences 2005; 7: 143-144. 
 
The two studies for which data were available but which were excluded as outliers from the 
meta-analysis of clinical outcomes are 
6) Dunn LT, Stewart E, Murray GD, Nicoll JA, Teasdale GM. The influence of apolipoprotein 
E genotype on outcome after spontaneous subarachnoid haemorrhage: a preliminary study. 
Neurosurgery 2001; 48: 1006-1010. 
 
7) Ruigrok YM, Slooter AJ, Bardoel A, Frijns CJ, Rinkel GJ, Winnipegs C. Genes and 
outcome after aneurysmal subarachnoid hemorrhage. Journal of Neurology 2005; 252: 417-
422. 
 
The six potentially eligible studies for which adequate data were not available are 
8) Alexander S. Cerebrospinal fluid calcium, APOE protein and genotype in individuals with 
and without cerebral vasospasm after subarachnoid hemorrhage. PhD dissertation, 
University of Pittsburgh, Philadelphia, USA. 
 
9) Kay A, Petzold A, Kerr M, Keir G, Thompson E, Nicoll J. Temporal alterations in 
cerebrospinal fluid amyloid β-protein and apolipoprotein E after subarachnoid haemorrhage. 
Stroke 2003; 34: e240-e243. 
 
10) Kay A, Day SP, Nicoll JA, Packard CJ, Caslake MJ. Remodelling of cerebrospinal fluid 
lipoproteins after subarachnoid haemorrhage. Atherosclerosis 2003; 170: 141-146. 
 
11) Kay A, Petzold A, Kerr M, Keir G, Thompson E, Nicoll J. Decreased cerebrospinal fluid 
apolipoprotein E after subarachnoid haemorrhage. Stroke 2003; 34: 637-642. 
 
12) Ruigrok YM, Slooter AJ, Bardoel A, Frijns CJ, Wijmenga C, Rinkel GJ. Genetic 
polymorphisms and outcome after aneurysmal subarachnoid hemorrhage. European 
Stroke, Spain, May 21-24 2003. 
 
13) Morris PG, Lindsay WJT, Dunn LT, Nicoll JA. Apolipoprotein E polymorphisms and 
neuropsychological outcome following subarachnoid haemorrhage, Acta Neurologica 
Scandinavia 2004; 109: 205-209. 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  hheetteerrooggeenneeiittyy??  

The Q statistic and I2 test were used to assess heterogeneity among studies. The 
assumption of homogeneity was rejected at p<0.01 and I2 > 50%, respectively. 
Heterogeneity was also investigated with a Galbraith plot of the precision of the study 
versus the standardised logarithm of its odds ratio. If heterogeneity was detected, the 
authors checked the report of study for gross differences, examined the Galbraith plot and 
reinvestigated the heterogeneity after the exclusion of outlier studies.  
 
The initial meta-analysis of clinical outcomes in seven studies had high heterogeneity 
(Q=19.7, p=0.003, I2=75%). The removal of two outliers that showed no associated between 
APOE and outcome reduced the heterogeneity (Q=4.9, p>0.10, I2=39%). 
 
The initial meta-analysis of delayed ischaemia in six studies also had high heterogeneity 
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(Q=14.0, p=0.016, I2=71%). The removal of two outliers reduced the heterogeneity (Q=3, 
p=0.39, I2=34%). 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  ppuubblliiccaattiioonn  bbiiaass??  

Publication bias was assessed with a funnel plot of odds ratio versus study size, and with 
the regression asymmetry test. The funnel plots (not shown) showed no asymmetry for 
clinical outcomes, “indicating a low risk of publication bias” according to the authors; or for 
delayed ischaemia. 
 
The authors also discuss the important of their wide ranging searches and their knowledge 
of the subject as ways to have overcome publication bias. 

WWhhaatt  sseennssiittiivviittyy  aannaallyysseess  wweerree  ddoonnee??  

Pre-specified sensitivity were done to examine the influence of the mean age of the 
population in each study, the percentage of comatose patients, ethnicity (caucasian versus 
non-caucasian), the time of APOE genotyping, the use of blinding and the relative 
frequency of delayed ischaemia. This did not lead to any important changes in the 
association between ε4 and clinical outcome. The sensitivity analyses for delayed 
ischaemia revealed that the detrimental effect of the ε4 was more evidence in studies with 
more delayed ischaemia events and with fewer comatose patients. 
 
If patients had been lost to follow up, analyses were done which incrementally assigned 
each ε4+ patient a poor outcome and in a separate series of analyses incrementally 
assigned each ε4- patient a bad outcome. In the clinical outcome meta-analysis, after the 
exclusion of two outlier trials, this analysis for the 35 patients with missing outcomes 
revealed that ε4 remained a significant predictor of outcome up to the point of two bad 
outcomes among 34 ε4+ patients and one bad outcome for the single ε4- patient. 
 
If the fixed effect model was used for the meta-analysis because of a lack of heterogeneity, 
a random effects model was also done to assess to assess the robustness of any 
association.  
 

RReevviieeww  

Martinez-González and Sudlow 2006 [20] 

RRiisskk  ffaaccttoorrss  iinnvveessttiiggaatteedd  

Apolipoprotein E Genotype (APOE) and outcome following acute stroke: ischaemic stroke, 
intracerebral haemorrhage and subarachnoid haemorrhage. 

DDaattaabbaasseess  sseeaarrcchheedd  

MEDLINE and EMBASE (1966 to May 2005), using a combination of index terms and free 
text. The full search strategy for MEDLINE is given in the article, with a note that the 
EMBASE search was similar. 

OOtthheerr  sseeaarrcchheess  ddoonnee  

Reference lists of all relevant papers and recently published textbooks on stroke or stroke 
genetics were checked. 
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AAnnyy  llaanngguuaaggee  rreessttrriiccttiioonnss  

None reported. 

EElliiggiibbiilliittyy  ccrriitteerriiaa  

This review sought all published studies on the influence of APOE on death or the 
combination of death and dependency after ischemic stroke, intracerebral haemorrhage or 
subarachnoid haemorrhage in adult humans. Only studies in which these three different 
types of stroke were analysed separately were eligible. 
 
For studies with more than one publication for overlapping groups of patients, the largest of 
the available published data sets was used.  

HHooww  wweerree  tthhee  eelliiggiibbiilliittyy  ccrriitteerriiaa  aapppplliieedd??  

The two authors independently applied the inclusion studies criteria, with disagreements 
resolved by discussion. 

WWhhoo  eexxttrraacctteedd  tthhee  ddaattaa??  

The two authors independently extracted data, with disagreements resolved by discussion. 

WWeerree  uunnppuubblliisshheedd  ddaattaa  oobbttaaiinneedd??  

Summary data were requested from the authors of two studies for which relevant data had 
been recorded during the study but had not been reported in the relevant articles. These 
data were not supplied but neither study included patients with subarachnoid haemorrhage. 

WWhhaatt  iinnffoorrmmaattiioonn  iiss  rreeppoorrtteedd  ffoorr  eeaacchh  ssttuuddyy??  

Reference, setting and country, ethnicity, whether or not the patients were recruited 
consecutively, definition of stroke (include means of diagnosis of subarachnoid 
haemorrhage), method of follow-up and time of outcome measure, method of analysis for 
APOE, percentage of men, mean age, outcomes for which data are available, total number 
of patients, number of patients with APOE and outcome data, number of patients (and 
number of whom were dead, or dead or dependent) ε4+ and ε4- groups. 

HHooww  wweerree  tthhee  mmeettaa--aannaallyysseess  ddoonnee??  

The effects on death and death or dependency of ε4+ compared to ε4- genotype were 
assessed as the primary analysis. The effects for ε2+ versus ε2- genotype were assessed 
as a secondary analysis. This was done by calculating the study specific relative risks and 
meta-analyses (fixed effects) using RevMan 4.2. Most studies reported data on both 
unadjusted and adjusted analyses, with adjustments for potential confounders of the 
association between APOE and outcome. The main analyses used the unadjusted results 
but sensitivity analyses were done using the adjusted results where available. 

RReessuullttss  rreelleevvaanntt  ttoo  ggeenneettiicc  ffaaccttoorrss  

In total, 9 studies with 2262 patients were included in the main analyses. A further two 
eligible studies (858 patients) could not be included in the analyses because the relevant 
data were not available, but neither of these studies included subarachnoid haemorrhage. 
Genotype and outcome data were available for 1898 of the 2262 patients. All 9 studies had 
data on ε4+. Five studies had data on ε2+. 
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With regard to subarachnoid haemorrhage, five studies were included. These included a 
total of 610 patients but data on APOE and outcome were available for only 547 of these 
patients. Data from all five of these could be used in the analysis of the dead or dependent 
outcome for ε4 (547 patients analysed of whom 157 were dead or dependent), but only one 
(108 patients analysed of whom 13 were dead) could be used in the analysis of death. The 
number of studies that could be used in the ε2 analysis and the results of that analysis for 
subarachnoid haemorrhage patients are not reported. 
 
The meta-analysis of the five subarachnoid haemorrhage studies for dead or dependency 
gave a relative risk of 1.40 (95% CI 1.06 to 1.84) for ε4+ versus ε4-. The single study which 
provided data separately on patients who had died had a relative risk for death of 1.98 (95% 
CI 0.72 to 5.49) for ε4+ compared to ε4-. 
 
The five included studies with subarachnoid haemorrhage patients are 
1) Niskakangas T, Ohman J, Niemela M, Ilveskoski F, Kannus TA, Karhunen PJ. 
Association of apolipoprotein E polymorphism with outcome after aneurysmal subarachnoid 
haemorrhage: a preliminary study. Stroke 2001; 32: 1181-1184. 
 
2) Dunn LT, Stewart E, Murray GD, Nicoll JA, Teasdale GM. The influence of apolipoprotein 
E genotype on outcome after spontaneous subarachnoid haemorrhage: a preliminary study. 
Neurosurgery 2001; 48: 1006-1010. 
 
3) Leung CH, Poon WS, Yu LM, , Wong GK, Ng HK. Apolipoprotein E genotype and 
outcome in aneurysmal subarachnoid haemorrhage: a preliminary study. Stroke 2002; 33: 
548-552. 
 
4) Tang J, Zhao J, Zhao Y, Wang S, Chen B, Zeng W. Apolipoprotein E epsilon4 and the 
risk of unfavorable outcome after aneurysmal subarachnoid hemorrhage. Surg Neurol 2003; 
60: 391-396. 
 
5) Ruigrok YM, Slooter AJ, Bardoel A, Frijns CJ, Rinkel GJ, Winnipegs C. Genes and 
outcome after aneurysmal subarachnoid haemorrhage: a preliminary study. Journal of 
Neurology 2005; 252: 417-422. 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  hheetteerrooggeenneeiittyy??  

The Χ2 test was used to assess heterogeneity among studies and the three different types 
of acute stroke. There was residual heterogeneity among the results of the five studies of 
subarachnoid haemorrhage. 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  ppuubblliiccaattiioonn  bbiiaass??  

Publication bias was recognised as a possible reason for the availability of the results from 
the smaller subarachnoid haemorrhage studies, which showed a positive association 
between APOE and outcome. The possibility that selective reporting bias was the reason for 
the limited data on death as a standalone outcome is also discussed. 

WWhhaatt  sseennssiittiivviittyy  aannaallyysseess  wweerree  ddoonnee??  

Meta-analyses were done using the adjusted results from those studies that reported these 
and these were, in general, similar to the unadjusted results. However, for two of the 
subarachnoid haemorrhage studies, the association between APOE and poor outcome 
became more extreme after adjustment. 
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Given that data from two studies were unavailable for the meta-analyses, sensitivity 
analyses were done for the ε4+ versus ε4- comparison to assess the effect of a range of 
plausible results for these studies on the findings of the review. However, these two studies 
did not include any subarachnoid haemorrhage patients. 
 

RReevviieeww  

Rinkel 1998 [10] 

RRiisskk  ffaaccttoorrss  iinnvveessttiiggaatteedd  

Sex, age, size, site, presence of symptoms and family history. 

DDaattaabbaasseess  sseeaarrcchheedd  

MEDLINE (1966 onwards). The search terms are not reported in the article. 

OOtthheerr  sseeaarrcchheess  ddoonnee  

Reference lists of all relevant publications were checked, and reference lists for studies 
found in this way were also checked. This cross checking was continued until no further 
publications were found. 

AAnnyy  llaanngguuaaggee  rreessttrriiccttiioonnss  

No. 

EElliiggiibbiilliittyy  ccrriitteerriiaa  

(1) Studies published from 1955 to June 1996 on prevalance and natural history of 
intracranial saccular aneurysms, (2) data that included crude numbers or allowed the 
recalculation of crude numbers had to be presented. For autopsy studies: ruptured saccular 
aneurysms, fusiform and mycotic aneurysms had to be excluded or separately reported. For 
angiography studies on prevalence: (1) angiography had to be intra-arterial, (2) the 
indication for angiography had to be given, and (3) more than 10 patients had to have been 
included. In studies that used CT angiography or MR angiography: the presence of 
aneurysms had to be confirmed by conventional angiography. For follow-up studies of the 
risk of bleeding from unruptured aneurysms: (1) the type of aneurysm had to be identifiable 
as (a) incidental (found by chance), (b) additional (multiple aneurysms in patients with 
subarachnoid haemorrhage), or (c) symptomatic but unpublished; (2) in patients with 
additional aneurysms, the ruptured (index) aneurysm had to have been clipped (not 
wrapped); and (3) in patients with previously clipped aneurysms, the source of subsequent 
bleeding had to be identified by CT, surgery or autopsy, to exclude the clipped aneurysms 
as the source of the bleed. If only subsets of patients in a study met a particular inclusion 
criterion, these subsets were used. 
 
The indication for angiography was categorised as family history of subarachnoid 
haemorrhage, autosomal dominant polycystic kidney disease, atherosclerosis (carotid artery 
disease or ischemic heart disease), suspected pituitary adenoma, and brain tumour or 
other. 
 
If a study had been published more than once, the most recent publication was used. 
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HHooww  wweerree  tthhee  eelliiggiibbiilliittyy  ccrriitteerriiaa  aapppplliieedd??  

Two authors independently reviewed all studies. 

WWhhoo  eexxttrraacctteedd  tthhee  ddaattaa??  

Two authors independently extracted data.  

WWeerree  uunnppuubblliisshheedd  ddaattaa  oobbttaaiinneedd??  

No. 

WWhhaatt  iinnffoorrmmaattiioonn  iiss  rreeppoorrtteedd  ffoorr  eeaacchh  ssttuuddyy??  

For the prevalence studies: reference, total number of patients, number of patients with 
aneurysms, whether the study reported sex, age, site or size and graphically (not 
numerically), prevalence per 100 patients with confidence intervals for each study. For the 
risk of rupture studies: reference (and there is no indication of which studies contribute to 
the meta-analyses for which risk factors). 

HHooww  wweerree  tthhee  mmeettaa--aannaallyysseess  ddoonnee??  

Where possible, data were stratified according to age, sex, site and size. The risk of 
subarachnoid haemorrhage in patients with unruptured aneurysms was calculated by 
multiplying the number of patients by the average period of follow-up to obtain the total 
number of patient years of follow-up. The number of patients with subsequent subarachnoid 
haemorrhage was then divided by this number of patient years, yielding the risk of 
subarachnoid haemorrhage per patient year. 

RReessuullttss  rreelleevvaanntt  ttoo  ggeenneettiicc  ffaaccttoorrss  

Overall, for the prevalence of aneurysms: 8 autopsy (4 retrospective and 4 prospective) and 
15 angiography (6 retrospective and 9 prospective) studies were included. 21 of these 23 
studies were published in English, one in French and one in Japanese. There were 56,304 
patients in total, made up of 49,619 from autopsy studies and 6685 from angiography 
studies. 738 patients had one or more aneurysms (405 from autopsy studies). Two autopsy 
and all the angiography studies provided data on whether patients had more than one 
aneurysm. 23 extra aneurysms were found in the autopsy studies, 69 in the angiography 
studies. The total number of found aneurysms was 830. The number of studies used in the 
analysis of family history is not reported but the results were: 45 aneurysms in 476 patients, 
prevalence: 9.5% (95% CI 7.0% to 12%); relative risk for family history compared to the 
reference standard of patients being screened for “brain tumour and other”: 4.0 (95% CI 2.7 
to 6.0). 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  hheetteerrooggeenneeiittyy??  

The review contains a discussion of why the four different types of study could produce 
different results. In particular, this discussed why the retrospective autopsy studies might 
underestimate prevalence (because these assess old notes), whereas retrospective 
angiography studies can assess the actual films. The higher prevalence in prospective 
angiography studies compared to prospective autopsy studies is said to be because of over 
representation of autosomal dominant polycystic kidney disease patients in the angiography 
studies. 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  ppuubblliiccaattiioonn  bbiiaass??  



 

43 

  

IST-027703           D34: Cochrane Literature Review Snapshot v4 (WP2) 

 V1.2  Public 

Nothing. 

WWhhaatt  sseennssiittiivviittyy  aannaallyysseess  wweerree  ddoonnee??  

None. 
 

RReevviieeww  

Ruigrok 2005 [25] 

RRiisskk  ffaaccttoorrss  iinnvveessttiiggaatteedd  

Genetic factors associated with intracranial aneurysms or subarachnoid haemorrhage. 

DDaattaabbaasseess  sseeaarrcchheedd  

PubMed was searched in November 2004 for articles published since 1970 using the 
keywords “aneurysm”, “cerebral”, “intracranial”, “subarachnoid haemorrhage”, “genes”, 
“familial” and “extracellular matrix” in a variety of combinations (not reported). 

OOtthheerr  sseeaarrcchheess  ddoonnee  

References lists of retrieved publications were checked. 

AAnnyy  llaanngguuaaggee  rreessttrriiccttiioonnss  

English language only. 

EElliiggiibbiilliittyy  ccrriitteerriiaa  

Studies of genetic associations with intracranial aneurysms and subarachnoid 
haemorrhage, including candidate gene, genetic linkage and gene expression studies. 

HHooww  wweerree  tthhee  eelliiggiibbiilliittyy  ccrriitteerriiaa  aapppplliieedd??  

Not reported. 

WWhhoo  eexxttrraacctteedd  tthhee  ddaattaa??  

Not reported. 

WWeerree  uunnppuubblliisshheedd  ddaattaa  oobbttaaiinneedd??  

Not reported. 

WWhhaatt  iinnffoorrmmaattiioonn  iiss  rreeppoorrtteedd  ffoorr  eeaacchh  ssttuuddyy??  

Reference, genetic association, number of participants (for some). 

HHooww  wweerree  tthhee  mmeettaa--aannaallyysseess  ddoonnee  

Meta-analyses were not done. The review is a descriptive account, comparing and 
contrasting studies identified for particular genetic associations. 

RReessuullttss  rreelleevvaanntt  ttoo  ggeenneettiicc  ffaaccttoorrss  

18 studies of candidate genes are discussed. These investigated collagen type 3 A1 
(COL3A1) (19 patients in one study); collagen type 1 A2 (COL1A2) (260 patients in one 
study); lysyl oxidase (LOX) (197 patients in two studies); fibrillin 2 (FBN2) (172 patients in 
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one study); α1 antitrypsin (α1ant) (172 patients in two studies); metalloproteinase-9 (MMP-
9) (265 patients in four studies); MMP-1, MMP-3 and MMP-12 (149 patients in two studies); 
tissue inhibitors of metalloproteinases (TIMPS) (44 patients in one study); endoglin (three 
studies); angiotensin converting enzyme (ACE) (three studies); NADPH oxidase P22PHOX 
(one study); and phospholipase C (phosC) (one study). 
 
Two studies of gene expression are discussed. One of these was a detailed study of a three 
year old girl in which a sample from her intracranial aneurysm was compared with her 
superficial temporal artery and the other compared samples from 24 ruptured and 
unruptured intracranial aneurysms, the superficial temporal arteries of 43 patients with an 
intracranial aneurysm, and 19 control patients who did not have an intracranial aneurysm. 
 
Nine studies of genetic linkages are discussed. 
 
The included studies of candidate genes are 
1) Brega KE, Seltzer WK, Munro LG, Breeze RE. Genotypic variations of type III collagen in 
patients with cerebral aneurysms. Surg Neurol 1996; 46: 253-256.[47] [COL3A1] 
 
2) Yoneyama T, Kasuya H, Onda H, et al. Collagen type I alpha2 (COL1A2) is the 
susceptible gene for intracranial aneurysms. Stroke 2004; 35: 443-448.[44] [COL1A2] 
 
3) Yoneyama T, Kasuya H, Onda H, et al. Association of positional and functional candidate 
genes FGF1, FBN2, and LOX on 5q31 with intracranial aneurysm. Journal of Human 
Genetics 2003; 48: 309-314.[68] [LOX and FBN2] 
 
4) Hofer A, Ozkan S, Hermans M, et al. Mutations in the lysyl oxidase gene not associated 
with intracranial aneurysm in central European families. Cerebrovascular Diseases 2004; 
18: 189-193.[71] [LOX] 
 
5) Schievink WI, Katzmann JA, Piepgras DG, Schaid DJ. Alpha-1-antitrypsin phenotypes 
among patients with intracranial aneurysms. Journal of Neurosurgery 1996; 84: 781-
784.[52] [α1ant] 
 
6) St Jean P, Hart B, Webster M, et al. Alpha-1-antitrypsin deficiency in aneurysmal 
disease. Hum Hered 1996; 46: 92-97.[51] [α1ant] 
 
7) Peters DG, Kassam A, Jean PL St, Yonas H, Ferrel RE. Functional polymorphism in the 
matrix metalloproteinase-9 promotor as a potential risk factor for intracranial aneurysm. 
Stroke 1999; 30: 2612-2616.[74] [MMP-9] 
 
8) Krex D, Kotteck K, Konig IR, Ziegler A, Schackert HK, Schackert G. Matrix 
metalloproteinase-9 coding sequence single-nucleotide polymorphisms in Caucasians with 
intracranial aneurysms. Neurosurgery 2004; 55: 207-212.[75] [MMP-9] 
 
9) Zhang B, Dhillon S, Geary I, et al. Polymorphisms in matrix metalloproteinase-1, -3, -9, 
and -12 genes in relation to subarachnoid hemorrhage. Stroke 2001; 32: 2198-2202.[73] 
[MMP-1, MMP-3, MMP-9 and MMP-12] 
 
10) Yoon S, Tromp G, Vongpunsawad S, Ronkainen A, Juvonen T, Kuivaniemi H. Genetic 
analysis of MMP3, MMP9, and PAI-1 in Finnish patients with abdominal aortic or intracranial 
aneurysms. Biochem Biophys Res Commun 1999; 265: 563-568. [MMP-1, MMP-3, MMP-9 
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and MMP-12] 
 
11) Krex D, Rohl H, Konig IR, Ziegler A, Schackert HK, Schackert G. Tissue inhibitor of 
metalloproteinases-1, -2, and -3 polymorphisms in a white population with intracranial 
aneurysms. Stroke 2003; 34: 2817-2821.[85] [TIMPS] 
 
12) Takenaka K, Sakai H, Yamakawa H, Yoshimura S, Kumagai M, Nakashima S, Nozawa 
Y, Sakai N. Polymorphism of the endoglin gene in patients with intracranial saccular 
aneurysms. Journal of Neurosurgery 1999; 90: 935-938.[59] [endoglin] 
 
13) Krex D, Ziegler A, Schackert HK, Schackert G. Lack of association between endoglin 
intron 7 insertion polymorphism and intracranial aneurysms in a white population: evidence 
of racial/ethnic differences. Stroke 2001; 32: 2689-2694.[54] [endoglin] 
 
14) Onda H, Kasuya H, Yoneyama T, Hori T, Nakajima T, Inoue I. Endoglin is not a major 
susceptibility gene for intracranial aneurysm among Japanese. Stroke 2003; 34: 1640-
1644.[60] [endoglin] 
 
15) Takenaka K, Yamakawa H, Sakai H, Yoshimura S, Murase S, Okumura A, Nakatani K, 
Kimura T, Nishimura Y, Yoshimi N, Sakai N. Angiotensin I-converting enzyme gene 
polymorphism in intracranial saccular aneurysm individuals. Neurology Research 1998; 20: 
607-611.[39] [ACE] 
 
16) Keramatipour M, McConnell RS, Kirkpatrick P, Tebbs S, Furlong RA, Rubinsztein DC. 
The ACE I allele is associated with increased risk for ruptured intracranial aneurysms. 
Journal of Medical Genetics 2000; 37: 498-500.[40] [ACE] 
 
17) Slowik A, Borratynska A, Pera J, Betlej M, Dziedzic T, Krzyszkowski T, Czepko R, 
Figlewicz DA, Szczudlik A. II Genotype of the angiotensin-converting enzyme gene 
increases the risk for subarachnoid hemorrhage from ruptured aneurysm. Stroke 2004; 35: 
1594-1597.[41] [ACE] 
 
18) Krex D, Ziegler A, Konig IR, Schackert HK, Schackert G. Polymorphisms of the NADPH 
oxidase P22PHOX gene in a Caucasian population with intracranial aneurysms. 
Cerebrovascular Disease 2003; 16: 363-368.[76] [P22PHOX] 
 
19) Takenaka K, Sakai H, Yamakawa H, et al. Analysis of phospholipase C gene in patients 
with subarachnoid hemorrhage due to ruptured intracranial saccular aneurysm. Neurology 
Research 1999; 21: 368-372.[77] [phosC] 
 
The included studies of gene expression are 
1) Peters DG, Kassam AB, Feingold E, et al. Molecular anatomy of an intracranial 
aneurysm: coordinated expression of genes involved in wound healing and tissue 
remodeling. Stroke 2001; 32: 1036-1042. 
 
2) Kassam AB, Horowitz M, Chang YF, Peters D. Altered arterial homeostasis and cerebral 
aneurysms: a molecular epidemiology study. Neurosurgery 2004; 54: 1450-1460. 
 
The included studies of genetic linkages are 
1) Onda H, Kasuya H, Yoneyama T, Takakura K, Hori T, Takeda J, Nakajima T, Inoue I. 
Genomewide-linkage and haplotype-association studies map intracranial aneurysm to 
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chromosome 7q11. American Journal of Human Genetics 2001; 69: 804-819.[23] 
 
2) Hofer A, Hermans M, Kubassek N, et al. Elastin polymorphism haplotype and intracranial 
aneurysms are not associated in Central Europe. Stroke 2003; 34: 1207-1211.[55] 
 
3) Farnham JM, Camp NJ, Neuhausen SL, Tsuruda J, Parker D, MacDonald J, Cannon-
Albright LA.. Confirmation of chromosome 7q11 locus for predisposition to intracranial 
aneurysm. Human Genetics 2004; 114: 250-255.[33] 
 
4) Yamada S, Utsunomiya M, Inoue K, et al. Absence of linkage of familial intracranial 
aneurysms to 7q11 in highly aggregated Japanese families. Stroke 2003; 34: 892-900. 
 
5) Roos YB, Pals G, Strucycken PM, Rinkel GJ, Limburg M, Pronk JC, van den Berg JS, 
Lluitjen JA, Pearson PL, Vermeulen M, Westerveld A. Genome-wide linkage in a large 
Dutch consanguineous family maps a locus for intracranial aneurysms to chromosome 
2p13. Stroke 2004; 35: 2276-2281.[30] 
 
6) Ruigrok YM, Seitz U, Wolterink S, Rinkel GJE, Wijmenga C, Urban Z. Association of 
polymorphisms and haplotypes in the elastin gene in Dutch patients with subarachnoid 
hemorrhage from non-familial aneurysms. Stroke 2004; 35: 2064-2068.[57] 
 
7) Krex D, Konig IR, Ziegler A, Schackert HK, Schackert G. Extended single nucleotide 
polymorphism and haplotype analysis of the elastin gene in caucasians with intracranial 
aneurysms provides evidence for racially/ethnically based differences. Cerebrovascular 
Disease 2004; 18: 104-110.[56] 
 
8) van der Voet M, Olson JM, Kuivaniemi H, Dudek DM, Skunca M, Ronkainen A, Niemela 
M, Jaaskelainen J, Hernesniemi J, Helin K, Leinonen E, Biswas M, Tromp G. Intracranial 
aneurysms in Finnish families: confirmation of linkage and refinement of the interval to 
chromosome 19q133. American Journal of Human Genetics 2004; 74: 564-571.[37] 
 
9) Nahed BV, Seker A, Guclu B, Ozturk AK, Finberg K, Hawkins AA, DiLuna ML, State M, 
Lifton RP, Gunel M. Mapping a Mendelian form of intracranial aneurysm to 1p34.3-p36.13. 
American Journal of Human Genetics 2005; 76: 172-179.  

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  hheetteerrooggeenneeiittyy??  

There is some discussion of the possibility that heterogeneity among the populations in the 
various studies may influence the strength or weakness of associations between genetic 
factors and intracranial aneurysms or subarachnoid haemorrhage. 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  ppuubblliiccaattiioonn  bbiiaass??  

Nothing. 

WWhhaatt  sseennssiittiivviittyy  aannaallyysseess  wweerree  ddoonnee??  

Nothing. 
 

RReevviieeww  

Ruigrok 2008 [24] 



 

47 

  

IST-027703           D34: Cochrane Literature Review Snapshot v4 (WP2) 

 V1.2  Public 

RRiisskk  ffaaccttoorrss  iinnvveessttiiggaatteedd  

Genetic loci. 

DDaattaabbaasseess  sseeaarrcchheedd  

MEDLINE was searched up to March 2007 using the text words “intracranial aneurysm”, 
“cerebral aneurysm”, “aortic aneurysm”, “thoracic”, “abdominal”, “genes”, “genetics” and 
“linkage” in a variety of combinations (not reported). 

OOtthheerr  sseeaarrcchheess  ddoonnee  

None reported. 

AAnnyy  llaanngguuaaggee  rreessttrriiccttiioonnss  

None reported. 

EElliiggiibbiilliittyy  ccrriitteerriiaa  

Whole genome linkage studies of patients with aneurysms (intracranial, thoracic aortic and 
abdominal aortic), in which loci with limit of detection scores of > 2.2 and nonparametric limit 
of detection scores of > 3.18 were reported. 

HHooww  wweerree  tthhee  eelliiggiibbiilliittyy  ccrriitteerriiaa  aapppplliieedd??  

Not reported. 

WWhhoo  eexxttrraacctteedd  tthhee  ddaattaa??  

Not reported. 

WWeerree  uunnppuubblliisshheedd  ddaattaa  oobbttaaiinneedd??  

Not reported. 

WWhhaatt  iinnffoorrmmaattiioonn  iiss  rreeppoorrtteedd  ffoorr  eeaacchh  ssttuuddyy??  

Reference, population, loci identified as being linked to intracranial aneurysm. 

HHooww  wweerree  tthhee  mmeettaa--aannaallyysseess  ddoonnee  

Meta-analyses were not done. Descriptive comparisons are made between the loci 
identified for the different types of aneurysm. 

RReessuullttss  rreelleevvaanntt  ttoo  ggeenneettiicc  ffaaccttoorrss  

Seven studies reporting genetic loci linked to intracranial aneurysms are reported, along 
with five studies for thoracic aortic aneurysms and two studies for abdominal aortic 
aneurysms. 
 
The included studies which investigated intracranial aneurysms are (note: articles 2 and 3 
relate to the same study) 
1) Onda H, Kasuya H, Yoneyama T, Takakura K, Hori T, Takeda J, Nakajima T, Inoue I. 
Genomewide-linkage and haplotype-association studies map intracranial aneurysm to 
chromosome 7q11. American Journal of Human Genetics 2001; 69: 804-819.[23] 
 
2) Olson JM, Vongpunsawad S, Kuivaniemi H, Ronkainen A, Hernesniemi J, Ryynanen M, 
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Kim LL, Tromp G. Search for intracranial aneurysms susceptibility gene(s) using Finnish 
families. BMC Medical Genetics 2002; 3: 7.[31] 
 
3) van der Voet M, Olson JM, Kuivaniemi H, Dudek DM, Skunca M, Ronkainen A, Niemela 
M, Jaaskelainen J, Hernesniemi J, Helin K, Leinonen E, Biswas M, Tromp G. Intracranial 
aneurysms in Finnish families: confirmation of linkage and refinement of the interval to 
chromosome 19q133. American Journal of Human Genetics 2004; 74: 564-571.[37] 
 
4) Yamada S, Utsunomiya M, Inoue K, Nozaki K, Inoue S, Takenaka K, Hashimoto N, 
Koizumi A. Genome-wide scan for Japanese familial intracranial aneurysms: linkage to 
several chromosomal regions. Circulation 2004; 110: 3727-3733.[36] 
 
5) Nahed BV, Seker A, Guclu B, Ozturk AK, Finberg K, Hawkins AA, DiLuna ML, State M, 
Lifton RP, Gunel M. Mapping a Mendelian form of intracranial aneurysm to 1p34.3-p36.13. 
American Journal of Human Genetics 2005; 76: 172-179.[29] 
 
6) Ozturk AK, Nahed BV, Bydon M, Bilguvar K, Goksu E, Bademci G, Guclu B, Johnson 
MH, Amar A, Lifton RP, Gunel M. Molecular genetic analysis of two large kindreds with 
intracranial aneurysms demonstrates linkage to 11q24-25 and 14q23-31. Stroke 2006; 37: 
1021-1027.[35] 
 
7) Verlaan DJ, Dubé MP, St-Onge J, Noreau A, Roussel J, Satgé N, Wallace MC, Rouleau 
GA. A new locus for autosomal dominant intacranial aneurysm, ANIB4, maps to 
chromosome 5p15.2-14.3. Journal of Medical Genetics 2006; 43: e31.[32] 
 
8) Mineharu Y, Inoue K, Inoue S, Yamada S, Nozaki K, Hashimoto N, Koizumi A. Model-
based linkage analyses confirm chromosome 19q133 as a susceptibility locus for 
intracranial aneurysm. Stroke 2007; 38: 1174-1178.[38] 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  hheetteerrooggeenneeiittyy??  

Nothing. 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  ppuubblliiccaattiioonn  bbiiaass??  

Nothing. 

WWhhaatt  sseennssiittiivviittyy  aannaallyysseess  wweerree  ddoonnee??  

None. 
 

RReevviieeww  

Sudlow 2006 [17] 

RRiisskk  ffaaccttoorrss  iinnvveessttiiggaatteedd  

Apolipoprotein E Genotype (APOE). 

DDaattaabbaasseess  sseeaarrcchheedd  

MEDLINE and EMBASE (1966 to October 2004), using a combination of index terms and 
free text. The search strategy for MEDLINE is given as an Appendix to the article, with a 
note that the EMBASE search was similar. 
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OOtthheerr  sseeaarrcchheess  ddoonnee  

Reference lists of all relevant studies and review articles were checked, along with relevant 
chapters of recently published textbooks on stroke and stroke genetics. 

AAnnyy  llaanngguuaaggee  rreessttrriiccttiioonnss  

The initial search sought full articles and abstracts in all languages, but this was 
subsequently revised to exclude studies published in abstract form only and several studies 
in non-English languages that could not be translated easily because these studies were 
very small and their inclusion would not have affected the conclusions in any important way. 

EElliiggiibbiilliittyy  ccrriitteerriiaa  

This review sought all published studies studying the association between APOE and 
ischemic stroke, intracerebral haemorrhage and subarachnoid haemorrhage. 
 
For studies with more than one publication for the same or overlapping groups of cases or 
controls, the largest of the available published data sets were used. For studies with more 
than one control group, the reviewers chose the most appropriate control group for their 
purposes, and if no control group was methodologically superior, they used the largest. 

HHooww  wweerree  tthhee  eelliiggiibbiilliittyy  ccrriitteerriiaa  aapppplliieedd??  

Two authors independently applied the inclusion studies criteria, with disagreements 
resolved by discussion. 

WWhhoo  eexxttrraacctteedd  tthhee  ddaattaa??  

Data were extracted by at least two authors, resolving disagreements by discussion. 

WWeerree  uunnppuubblliisshheedd  ddaattaa  oobbttaaiinneedd??  

No. 

WWhhaatt  iinnffoorrmmaattiioonn  iiss  rreeppoorrtteedd  ffoorr  eeaacchh  ssttuuddyy??  

References and details are given in a supplemental table published on the Internet, but are 
not available in the printed article. 

HHooww  wweerree  tthhee  mmeettaa--aannaallyysseess  ddoonnee??  

An unadjusted ratio of the odds of being a case to the odds of being a control given an ε4+ 
genotype, and given an ε2+ genotype were calculated for each study. Information was also 
extracted on adjusted odds ratios that took account of any matching or other potential 
confounding variables by the original researchers. The pooled odds ratios were calculated 
from the unadjusted data, using Mantel-Haenszel method (fixed effects) in RevMan 4.2. 

RReessuullttss  rreelleevvaanntt  ttoo  ggeenneettiicc  ffaaccttoorrss  

Three studies (237 cases, 1655 controls) of APOE and subarachnoid haemorrhage were 
included. The pooled analyses showed an increased odds of SAH in ε4 carriers (odds ratio: 
1.42, 95% CI 1.01 to 1.99) but no association with ε2+ genotypes (odds ratio: 1.14, 95% CI 
0.75 to 1.76). 
 
The three included studies with subarachnoid haemorrhage patients are 
1) McCarron MO, Nicoll JA. High frequency of apolipoprotein E epsilon 2 allele is specific for 
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patients with cerebral amyloid angiopathy-related haemorrhage. Neuroscience Letters 
1998; 247: 45-48. 
 
2) Kokubo Y, Chowdhury AH, Date C, Yokoyama T, Sobue H, Tanaka H. Age-dependent 
association of apolipoprotein E genotypes with stroke subtypes in a Japanese rural 
population. Stroke 2000; 31: 1299-1306. 
 
3) Tang J, Zhao J, Zhao Y, Wang S, Chen B, Zeng W. Apolipoprotein E epsilon4 and the 
risk of unfavorable outcome after aneurysmal subarachnoid hemorrhage. Surg Neurol 2003; 
60: 391-396. 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  hheetteerrooggeenneeiittyy??  

Nothing. 

WWhhaatt  iiss  wwrriitttteenn  aabboouutt  ppuubblliiccaattiioonn  bbiiaass??  

Nothing in the context of the subarachnoid haemorrhage studies, but publication bias is 
discussed in regard to other issues covered in the article. 

WWhhaatt  sseennssiittiivviittyy  aannaallyysseess  wweerree  ddoonnee??  

Fixed effect methods were used as the main meta-analyses, but the analyses were also 
done using a random effects model. This generated similar results. 
 
 


