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 Background: COL1A2, which encodes collagen type I alpha2, has long been suggested to be a potential positional and func-
tional candidate gene for intracranial aneurysm. We performed a meta-analysis to assess the association be-
tween COL1A2 rs42524 polymorphism and the risk of intracranial aneurysm.

 Material/Methods: We conducted a systematic search for relevant literature from the following databases up to 22 July 2016: 
PubMed, Embase, Web of Science, and China National Knowledge Infrastructure. The strength of association 
between gene and disease was estimated using odds ratios (ORs) with 95% confidence intervals (CIs) under 5 
genetic models.

 Results: A total of 6 qualified studies were enrolled in this meta-analysis. Pooling results indicated a significant associ-
ation between COL1A2 rs42524 polymorphism and intracranial aneurysm risk under 4 genetic models (C vs. G: 
OR=1.74, 95%CI=1.34–2.26; GC vs. GG: OR=1.81, 95%CI=1.37–2.41; CC+GC vs. GG: OR=1.74, 95%CI=1.28–2.36; 
CC vs. GC+GG: OR=1.76, 95%CI=1.02–3.04). This association was still robust when stratified by ethnicity, in-
tracranial aneurysm type, or Hardy-Weinberg Equilibrium, which was stronger in Asian than in Caucasians. No 
publication bias was observed.

 Conclusions: This meta-analysis suggests COL1A2 rs42524 is a significant risk factor for IA susceptibility, with an especially 
strong effect in Asian people. Further larger-scale epidemiological studies among different ethnicities are war-
ranted to confirm our findings.
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Background

Intracranial aneurysm (IA) is a common cerebrovascular ab-
normality that is characterized by local ballooning of an intra-
cranial artery. It is estimated that unruptured IA has a preva-
lence of approximately 2.7–6.5% in the general population and 
a rupture rate of approximately 1% annually [1–3]. Ruptured IA 
causes subarachnoid hemorrhage (SAH), which usually leads 
to catastrophic consequences and has a high mortality rate of 
approximately 35–50% [4], as well as a high neurological defi-
cit rate [5]. It is therefore of paramount importance to identi-
fy asymptomatic patients to remove aneurysms and to avoid 
secondary hemorrhages.

IA is currently considered to be a multigenic disease. Although 
it is associated with common modifiable risk factors such as 
hypertension and smoking [6], genetic factors also play impor-
tant roles in the etiology of IA. For example, the first-degree 
relatives of aneurysmal SAH patients have a 4 times higher 
risk of IA rupture than members of the general population, and 
the risk increases to 6 times higher among siblings [7,8]. In ad-
dition, IAs in a small group of patients are found to occur in 
the context of heritable connective tissue diseases, including 
Ehlers-Danlos syndrome type IV, Marfan syndrome, Alport syn-
drome, and polycystic kidney disease [9,10]. Several candidate 
genes have been identified as being associated with IA, such 
as the genes encoding perlecan, versican, tropoelastin, and 
fibrillin [11]. As these genes may account for only a minority 
of IAs, the quest to explore the genetic basis of IA is ongoing.

Collagen type I alpha 2 (COL1A2) has long been suggested 
to be involved in IA pathogenesis. Peters et al. observed sig-
nificant overexpression of COL1A2 in IA using the superficial 
temporal artery as a control [12]. In a linkage and association 
study of IA, Onda et al. found the best evidence of linkage lo-
cated at D7S2472 on chromosome 7, which is in the vicini-
ty of COL1A2 [13]. Based on these findings, COL1A2 is con-
sidered to be a positional and functional candidate gene for 
IA. Several studies have been conducted to explore the ge-
netic association between COL1A2 and IA. The focus of these 
studies has been rs42524, which causes an Ala-549 to Pro-
549 substitution. Yoneyama et al. found significant differenc-
es in the allelic frequency of rs42524 between IA patients and 
controls in Japan [14], which was validated in a study of the 
Chinese population [15]. However, several other studies have 
failed to replicate the association [16]. Considering the small 
sample size in an individual study, which may lead to insuf-
ficient statistical power, we undertook this meta-analysis to 
evaluate the association between the COL1A2 rs42524 poly-
morphism and IA risk.

Material and Methods

Publication search

We searched the PubMed, Embase, Web of Science, and China 
National Knowledge Infrastructure (CNKI) to identify articles 
addressing the association between COL1A2 rs42524 poly-
morphism and IA (the last search was conducted on 22 July 
2016) using combinations of the following key words: (“poly-
morphism” OR “genotype” OR “mutation” OR “variant”) AND 
(“aneurysm” OR “subarachnoid hemorrhage”) AND (“COL1A2” 
OR “ collagen type I alpha 2” OR “rs42524”).

All the references of the retrieved studies were checked by 
hand search for additional eligible articles. We included all 
available full text matching the eligible criteria without lan-
guage restriction.

Inclusion and exclusion criteria

Eligible studies had to meet the following criteria: (a) case-con-
trol or cohort study evaluating the association of the COL1A2 
rs42524 polymorphism with IA risk; (b) sufficient information 
were provided for calculating the odds ratios (ORs) and 95% 
confidence intervals (CIs). The exclusion criteria include sec-
ondary publications, reviews, editorials, conference abstracts, 
and case reports.

Data extraction

Two investigators (Qi Gan and Qianqian Liu) independent-
ly reviewed initially identified articles according to pre-speci-
fied criteria. Discrepancy was resolved by discussion. The fol-
lowing characteristics of each included study were extracted: 
the name of first author, publication year, language, country of 
origin, ethnicity, sample size, genotypes in cases and controls, 
control source, genotyping method, and type of IA. If key data 
were not displayed in the original article, we tried to contact 
the author of the relevant study to obtain missing information.

Statistical analysis

Hardy-Weinberg Equilibrium (HWE) for each study was assessed 
using Chi-square test in control groups at a significance level 
of p<0.05. I2 statistic and Cochrane Q test were used to mea-
sure heterogeneity. I2 <50% or p>0.10 for the Q test indicated 
a lack of heterogeneity. The strength of association between 
COL1A2 rs42524 polymorphism and IA risk was calculated by 
odds ratio (OR) with 95% confidence interval (CI) using random 
effects model. The following genetic models were adopted: al-
lelic contrast (C vs. G), homozygote contrast (CC vs. GG), het-
erozygote contrast (GC vs. GG), dominant model (CC + GC vs. 
GG), and recessive model (CC vs. GC +GG). Subgroup analyses 
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were performed to explore the impact of the following: con-
founding factors: ethnicity, IA type and HWE. Sensitivity anal-
ysis was conducted by excluding each study one by one to 
challenge the robustness of pooling results. We used Begg’s 
and Egger’s tests to estimate possible publication bias [17]. 
All statistical analysis was performed using Stata software for 
Windows version 12.0 (Stata corporation, college station, TX, 
USA). P<0.05 was considered statistically significant.

Results

Study characteristics

Figure 1 summarizes the process of the literature search in a 
PRISMA flow diagram. Initially, a total of 32 relevant records 

were identified. After excluding overlapping and non-relevant 
records, we retrieved the full text of 8 studies for further eval-
uation. Two articles were further excluded for being a con-
ference abstract or secondary publication [18,19]. Ultimately, 
6 studies were included in this meta-analysis [14–16,20–22].

The study characteristics are shown in Table 1. These stud-
ies were published between 2004 and 2014, included 1542 
IA patients and 1424 controls, and were conducted in Asia (3 
in China, one in Japan, and one in Korea) and Europe (one in 
Germany). The study by Gläsker S et al. was conducted with 
Caucasians [20]. Among the 5 Asian studies that were includ-
ed in our meta-analysis, the study by Joo SP et al. was con-
ducted in a Korean population [16]. All subjects in the study by 
Yoneyama T et al. were Japanese Yamato people [14]. The study 
by Zhu Y et al. included Chinese Han people [15]. Participants 

Figure 1. Flow diagram of included studies.

Records identified through database
searching (n=32)

Records screened (n=14)

Full-text articles assessed
for eligibility (n=8)

Full-text articles excluded
(1) conference abstract (n=1)

(2) secondary publication (n=1)

Studies included in
quantitative synthesis
(meta-analysis) (n=6)

Records excluded
(1) other topics (n=1)

(2) review article (n=1)
(3) case report (n=4)

Overlappedrecords excluded (n=18)

Author Year Language
Sample size

(case/
control)

Country Ethnicity
Type of 

IA
Control 
source

Genotyping 
method

HWE

Gläsker S 2014 English 269/104 Germany Caucasian Mixed Population-based PCR-RFLP 0.022

Wu P (1) 2013 English 367/396 China Asian Sporadic Hospital-based PCR-RFLP <0.001

Yoneyama T 2004 English 260/293 Japan Asian Mixed Hospital-based PCR-Sequencing 0.630

Zhu Y 2008 English 226/326 China Asian Mixed Hospital-based PCR-RFLP 0.383

Joo SP 2009 English 320/189 Korea Asian Sporadic Hospital-based PCR-RFLP 0.0980

Wu P (2) 2010 Chinese 100/116 China Asian Sporadic Hospital-based PCR-RFLP 0.005

Table 1. Characteristics of studies included in meta-analysis.

IA – intracranial aneurysm; HWE – Hardy-Weinberg equilibrium; PCR-RFLP – polymerase chain reaction-restriction fragment length 
polymorphism assay; PCR-Sequencing – polymerase chain reaction-Sequencing.
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in the other 2 studies by Wu P et al. were all Chinese people 
from northeast China [21,22]. All the participants who were 
enrolled in the aforementioned Asian studies were of Asian 
ethnicity. Of these studies, 3 investigated sporadic IA only, 
whereas the other 3 focused on both sporadic IA and famil-
ial IA. Five studies included hospital-based controls, while one 
study included population-based controls. The genotype dis-
tributions of the controls were in accordance with HWE, with 
the exception of 3 studies.

Meta-analysis results

The pooled results of the relationship between COL1A2 rs42524 
polymorphism and IA risk were summarized in Table 2 and 
Figure 2. Overall, significant association was detected under 
4 genetic models (C vs. G: OR=1.74, 95%CI=1.34–2.26; GC 
vs. GG: OR=1.81, 95%CI=1.37–2.41; CC+GC vs. GG: OR=1.74, 
95%CI=1.28–2.36; CC vs. GC+GG: OR=1.76, 95%CI=1.02–3.04). 
There was significant heterogeneity among studies only in 
allelic model (Phet=0.078) and recessive model (Phet=0.066). 
To explore sources of between-study heterogeneity, we con-
ducted subgroup analyses under all genetic models strati-
fied by potential confounding factors. As is shown in Table 
2, the association between COL1A2 rs42524 polymorphism 
and IA risk was still robust when stratified by ethnicity, IA 

type, or HWE. What’s more, we found the association be-
tween COL1A2 rs42524 polymorphism and risk of IA was more 
strong under all 5 genetic models in Asian (C vs. G: OR=1.88, 
95%CI=1.44–2.46; CC vs. GG: OR=1.97, 95%CI=0.57–6.88; GC 
vs. GG: OR=1.82, 95%CI=1.28–2.58; CC+GC vs. GG: OR=1.83, 
95%CI=1.18–2.84; CC vs. GC+GG: OR=2.42, 95%CI=1.86–3.16) 
than in Caucasians (C vs. G: OR=1.29, 95%CI=0.87–1.90; CC 
vs. GG: OR=0.86, 95%CI=0.35–2.13; GC vs. GG: OR=1.81, 
95%CI=1.08–3.02; CC+GC vs. GG: OR=1.58, 95%CI=0.99–2.55; 
CC vs. GC+GG: OR=0.71, 95%CI=0.29–1.73). During sensitivity 
analysis, we got almost the same results when excluding each 
study each time (data not shown). Our sensitivity analysis in-
dicated that no individual study had significant influence on 
the overall conclusions.

Publication bias

The Begg’s funnel plot seemed symmetrical (Figure 3). 
Furthermore, Egger’s test didn’t find any evidence for publi-
cation bias (C vs. G: p=0.694).

Variable N

Allelic contrast Homozygote contrast Heterozygote contrast Dominant model Recessive model

OR 
(95%CI)

Phet

OR 
(95%CI)

Phet

OR 
(95%CI)

Phet

OR 
(95%CI)

Phet

OR 
(95%CI)

Phet

Total 6
1.74 

(1.34,2.26)
0.078

1.15 
(0.55–2.38)

0.415
1.81 

(1.37–2.41)
0.529

1.74 
(1.28–2.36)

0.328
1.76 

(1.02–3.04)
0.066

Ethnicity

 Asian 5
1.88 

(1.44–2.46)
0.16

1.97 
(0.57–6.88)

0.424
1.82 

(1.28–2.58)
0.387

1.83 
(1.18–2.84)

0.232
2.42 

(1.86–3.16)
0.553

 Caucasian 1
1.29 

(0.87–1.90)
NA

0.86 
(0.35–2.13)

NA
1.81 

(1.08–3.02)
NA

1.58 
(0.99–2.55)

NA
0.71 

(0.29–1.73)
NA

IA type

 Mixed 3
1.77 

(1.16–2.68)
0.13

1.02 
(0.44–2.37)

0.317
2.08 

(1.50–2.89)
0.668

1.96 
(1.43–2.68)

0.423
0.91 

(0.32–2.58)
0.281

 Sporadic 3
1.71 

(1.13–2.58)
0.062

1.89 
(0.33–
10.69)

0.269
1.20 

(0.68–2.11)
0.742

1.18 
(0.69–2.04)

0.445
2.41 

(1.81–3.20)
0.355

HWE

 No 3
1.78 

(1.29–2.45)
0.121

1.64 
(0.40–6.65)

0.247
1.84 

(1.11–3.03)
0.891

1.66 
(1.04–2.64)

0.625
1.85 

(1.01–3.38)
0.03

 Yes 3
1.70 

(0.99–2.90)
0.063

1.18 
(0.23–6.12)

0.283
1.80 

(1.11–2.91)
0.142

1.77 
(1.05–2.99)

0.091
1.11 

(0.23–5.25)
0.308

Table 2. Quantitative analyses of COL1A2 rs42524 polymorphism and IA risk.

OR – odds ratio; CI – confidence interval; Phet – P value of heterogeneity; NA – not available; IA – intracranial aneurysm; 
HWE – Hardy-Weinberg equilibrium.
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Discussion

There are 19 different types of collagen within the collagen 
protein family. Among them, type I collagen and type III colla-
gen represent 80% to 90% of total arterial collagen and con-
tribute the most to arterial tensile strength [23]. The cerebral 
artery is mainly composed of 3 histologic layers, including the 
inner intima, muscular media and outer collagenous adven-
titia. A lack of external elastic lamina in intracranial arteries 
compared with extracranial arteries make it susceptible to an-
eurysm if the collagen is defective, especially at bifurcations 
where the smooth muscle cell layer and the internal elastic 
lamina are more likely to be defective [24,25]. Thus, there is 
a sufficient theoretical basis that COL1A2, which encodes the 
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Figure 2.  Forest plot for the association between collagen type I alpha2 rs42524 polymorphism with intracranial aneurysm risk. 
(A) forest plot for allelic contrast (C vs. G); (B) forest plot for homozygote contrast (CC vs. GG); (C) forest plot for heterozygote 
contrast (GC vs. GG); (D) forest plot for dominant model (CC + GC vs. GG); (E) forest plot for recessive model (CC vs. GC +GG).

Figure 3. The funnel plots assessing publication bias (C vs. G).
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alpha 2 chain of type I collagen, is a candidate gene to explain 
IA risk. In the present meta-analysis, we demonstrated a sig-
nificant risk effect of the C allele of rs42524 in COL1A2 on IA 
susceptibility using 4 genetic models.

Our subgroup analysis, which was stratified by ethnicity, 
showed a significantly increased IA risk in people carrying the 
C allele of rs42524 in COL1A2 in both Asian and Caucasian 
subgroups. However, the association between COL1A2 rs42524 
polymorphism and risk of IA was stronger in Asians than in 
Caucasians, which may be partially due to the differences in 
the frequencies of genetic polymorphisms in the different eth-
nic groups. Interestingly, Gläsker et al. detected a significant 
association between IA and rs42524 [20]. However, research 
from Korea (Joo et al.) indicated that genotype frequencies of 
the rs42524 polymorphism were similar in patients with IA 
and controls, which suggests that this polymorphism is not as-
sociated with IA in the Korean population [16]. The divergent 
results may be because the observed polymorphic sequence 
might be influenced by different genetic and environmental 
backgrounds in different ethnic groups. It is also possible that 
this polymorphism might not be related to the pathogenesis 
of IA. For these reasons, larger-scale original studies of differ-
ent ethnic groups are needed. As shown in our research, the 
frequencies of C in the COL1A2 rs42524 polymorphism var-
ied from 5.19% to 87.06%. As IA is considered to be a multi-
genic disease, different pathogeneses involved in IA may also 
contribute to the variety of results across different popula-
tion. We also performed subgroup analyses according to IA 
type and HWE results and obtained similar results in different 
subgroups, which indicates that our pooled result may not be 
obviously confounded by different IA types in the case group. 
Furthermore, our results were robust and reliable, despite the 
inclusion of studies that did not meet HWE.

Several studies have investigated the potential functional ef-
fects of rs42524. As this SNP is located in exon 28 of COL1A2, 
variation at this site would lead to an Ala to Pro substitution 
at amino acid residue 459, which is in the Gly-X-Y repeat of 
the triple-helical domain of type I collagen. Using circular di-
chroism spectra, Yoneyama et al. showed that the Pro-549 

peptide had higher thermal stability than the Ala-549 pep-
tide and speculated that it affected the rigidity or elasticity 
of the vascular wall [14]. In addition, as a key structural com-
ponent of broad tissue, type I collagen can also interact with 
various molecules and cells, performing numerous physiolog-
ical functions. As a result, local conformational change due to 
the amino acid change from the rs42524 polymorphism could 
affect the interaction of type I collagen with other molecules, 
eventually weakening the vascular wall and leading to sus-
ceptibility to IA [26].

Some limitations should also be addressed when interpreting 
the results of this meta-analysis. First, as a complex disease, 
IA is influenced by multiple factors, including genetic and en-
vironmental factors. However, as limited information was pro-
vided in most of the studies, we could not provide an adjusted 
result that considered all the confounding factors. Additionally, 
we could not further explore gene-gene or gene-environment 
interactions or the interactions of different polymorphic loci 
in this research. Second, the sample sizes of some of the sub-
groups in our meta-analysis were relatively small, which re-
duces the representativeness of the population. More studies, 
especially those with different ethnic populations, are need-
ed to validate our results. Third, some of the included stud-
ies were not consistent with HWE, which may have biased the 
pooled results. However, our results did not change after ex-
cluding these studies in the sensitivity analysis.

Conclusions

Our meta-analysis suggests that COL1A2 rs42524 is a significant 
risk factor for IA susceptibility, with an especially strong effect 
in Asian people. The COL1A2 rs42524 polymorphism could in-
crease the risk of IA, regardless of ethnicity, HWE, and IA type. 
More data from research conducted with different ethnic pop-
ulations are still needed to confirm our findings.
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