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Abstract

Exfoliation syndrome (XFS) is an important risk factor for glaucoma (XFG) worldwide. LOXL1
variants are highly associated with XFS in most populations; however, the high frequency of risk
alleles in normal individuals and the reversal of risk alleles in different ethnic populations suggest
that other factors contribute to XFS pathogenesis. Clusterin (CLU) is an extracellular matrix
chaperone that prevents protein aggregation and is highly expressed in ocular tissues affected by
XFS. Studies examining common CLU variants for association with XFS have been inconsistent.
The purpose of this study was to evaluate CLU variants for association with XFS in two
independent datasets from the United States (222 cases and 344 controls) and Israel (92 cases and
102 controls). Seven tag SNPs that captured >95% of alleles at r2 greater than 0.8 across the CLU
genomic region were genotyped using TagMan assays. Genotypes for an additional SNP,
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rs2279590, were imputed using phased haplotypes of HapMap reference CEU samples. Of the 8
CLU SNPs selected for the study, none were significantly associated with XFS in either case-
control group (age and sex adjusted P > 0.14 and 0.36, respectively, in the US and Israeli
datasets), or when they were meta-analyzed together (age and sex adjusted P > 0.13). Haplotype
analysis using all 8 SNPs or only the promoter region SNPs also did not show significant
associations of CLU with XFS in the combined US and Israeli dataset (P > 0.28). Meta-analysis of
the data from this study and previous studies in Caucasian populations (1,184 cases and 978
controls) resulted in statistically significant association of rs2279590 with XFS (summary OR =
1.18, 95% CI: 1.03-1.33, P = 0.01). Significant association between rs2279590 and XFS was also
found in Indian populations (summary OR = 0.76, 95% ClI: 0.61-0.96; P = 0.02); however,
significant heterogeneity between the Caucasian and Indian populations possibly due to reversal of
the risk allele precluded an overall meta-analysis for rs2279590 (Q = 0.001, 12 = 91%). No
significant association was identified for rs3087554 in either Caucasian populations (summary OR
=0.90, 95% CI: 0.77-1.05, P = 0.17) or Indian populations (summary OR = 0.89, 95% ClI:
0.72-1.10, P = 0.28), or in both populations combined (1,705 cases and 3,713 controls; summary
OR =0.90, 95% CI: 0.79-1.01, P = 0.08). Significant heterogeneity precluded the addition of the
Japanese data to the meta-analysis for rs3087554 (Q = 0.006, 12 = 87%). Our results suggest that
common CLU variants may contribute to modest XFS risk but even larger datasets are required to
confirm these findings.
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Exfoliation syndrome (XFS) is a complex systemic disease whose most notable feature is
the deposition of fibrillar material throughout the anterior segment of the eye. Exfoliation
material contains elements of basement membranes and the elastic fiber framework, as well
as other macromolecules (Ritch et al., 2003). XFS is a risk factor for developing elevated
intraocular pressure (IOP) and glaucoma (Anastasopoulos et al., 2015). While XFS fibrillar
material accumulates in the trabecular meshwork outflow pathways, the molecular
mechanisms underlying elevated IOP and exfoliation glaucoma (XFG) are not completely
known (Sacca et al., 2014).

Exfoliation syndrome (XFS) and the associated glaucoma (XFG) are genetically complex
traits with contributions from both genetic and environmental factors (Sein et al., 2013). A
genome-wide association study (GWAS) using unrelated patients and controls from Iceland
and Sweden revealed significant association between common lysyl oxidase-like 1 (LOXL1)
variants and XFS (Thorleifsson et al., 2007). This association was subsequently replicated in
populations worldwide (Wang et al., 2014), including in United States clinic-based samples
(Fingert et al., 2007; Aragon-Martin et al., 2008; Challa et al., 2008; Fan et al., 2008; Yang
et al., 2008). Overall, these results show that LOXL1 is a major gene associated with XFS.
However, while the risk alleles are present in the majority of cases worldwide, they are also
frequently found in control individuals, arguing that other genetic and/or environmental
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factors are necessary for the disease to be fully manifested. Recently, another GWAS using
a discovery sample set of 1,484 cases and 1,188 controls from Japan and replication datasets
of 6,901 cases and 20,727 controls from 17 countries showed that common variants in the
calcium channel, voltage-dependent, P/Q type, alpha 1A subunit (CACNALA) gene were
significantly associated with XFS (Aung et al., 2015).

Clusterin (CLU), an extracellular chaperone also known as apolipoprotein J, has been
identified as a major component of the fibrillar deposits in XFS (Zenkel et al., 2006;
Ovodenko et al., 2007; Doudevski et al., 2014). This ubiquitous glycoprotein is secreted by
most cell types and is found in all body fluids (Jones et al., 2002). In the eye, CLU is
expressed in most ocular cells and tissues, particularly in the ciliary epithelium (Zenkel et
al., 2005). CLU expression is down regulated in the iris, lens and ciliary processes of
patients with XFS compared to non-XFS glaucomatous control subjects (Zenkel et al. 2006).
One study found reduced levels of clusterin mMRNA and protein in aqueous humor samples
from XFS patients compared to non-XFS glaucomatous control subjects (Zenkel et al.,
2006), while another study found the opposite result (Doudevski et al., 2014), suggesting
that CLU dysregulation may contribute to the disease.

Previous genetic studies provide some evidence that common CLU variants may contribute
to XFS risk, although the association results are not consistent among different studies and
populations. In the Blue Mountain Eye Study, the CLU single nucleotide polymorphism
(SNP) rs3087554 was nominally associated with XFS (86 cases and 2,422 controls) at the
genotypic level (P = 0.044), but not at the allelic level or when the age of controls was
restricted to those over 73 years old (P > 0.07) (Burdon et al., 2008). No significant
association between the rs3087554 variant and XFS was observed in a German (661 cases
and 342 controls; P > 0.08) and Italian case-control set (209 cases and 190 controls; P >
0.70), although a positive association for another CLU SNP, rs2279590 (allele A) was
reported in the German dataset only (Krumbiegel et al., 2009). A study of 136 cases and 89
controls from India did not find an association of rs3087554 with XFS (P > 0.06), but did
find a significant association with rs2279590 (Padhy et al., 2014), although the risk allele
was ‘G’ rather than the ‘A’ allele that was associated with disease risk in the German
dataset. Interestingly, in the Indian study, the rs2279590 risk allele ‘G’ was also associated
with elevated mRNA in lens capsules compared with the ‘A’ allele. However, a recent study
of 299 cases and 224 controls from South India did not find significant association of
rs3087554 or rs2279590 with XFS (P > 0.43; Dubey et al., 2015). Additionally, a recent
GWAS in the Japanese dataset of 1,484 cases and 1,188 controls showed a hominal
association of rs3087554 with XFS (P = 0.029), although the direction of effect for the
minor allele ‘G’ is in the opposite direction compared with the effect in Caucasians with
European ancestry (Aung et al., 2015). rs2279590 was not included in the Japanese study.

Clusterin's role as an important extracellular matrix chaperone required for prevention of
extracellular protein aggregation makes it an interesting candidate genetic risk factor for
XFS and XFG. To help clarify its relation to XFS, the purpose of this study was to evaluate
common CLU variants for association with XFS (including cases with and without
glaucoma) in two independent Caucasian case-control datasets from the United States (US)
and Israel. Additionally, we performed a meta-analysis that included these two datasets as
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well as published results from Australia (Burdon et al., 2008), Germany (Krumbiegel et al.,
2009), Italy (Krumbiegel et al., 2009), India (Padhy et al., 2014; Dubey et al., 2015) and
Japan (Aung et al., 2015).

2. Materials and methods

2.1. Patients and control subjects

This study followed the tenets of the Declaration of Helsinki and was approved by the
Institutional Review Boards of the Massachusetts Eye and Ear Infirmary (Boston, US) and
the Goldschleger Eye Institute (Tel-Hashomer, Israel). Informed consent was obtained from
all patients and controls after explanation of the nature and possible consequences of the
study.

After we obtained informed consent, we recruited cases and controls from the Massachusetts
Eye and Ear Infirmary (US), including 222 unrelated patients affected by XFS and 344
control subjects. Of the 222 cases with XFS, 110 also had glaucoma (XFG). A second
independent dataset using cases and controls from Israel at the Goldschleger Eye Institute
included 92 unrelated cases with XFS and 102 control subjects. Of the 92 patients with XFS,
67 patients also had XFG.

XFS patients had evidence of characteristic fibrillar material on the lens capsule or pupillary
margin. XFG was additionally defined as: intraocular pressure >22 mm Hg (for at least one
eye) on two occasions or intraocular pressure >19 mm Hg (for at least one eye) on treatment
with two or more glaucoma medications; evidence of optic nerve damage in at least one eye
based on clinical exam or visual field with changes consistent with nerve fiber layer loss on
at least one reliable test. Control patients had no evidence of XFS or glaucoma based on
clinical exam.

In the US dataset, the average age of the XFS cases and controls was 68.4 and 64.5 years,
respectively (P < 0.0001; Table 1). 60.4% and 54.1% of XFS cases and controls were
female (P > 0.14). In the Israeli dataset, the average age of the XFS patients and controls
was 75.5 and 66.0 years, respectively (P < 0.0001). 51.1% of XFS cases were female while
41.2% of the controls were female (P > 0.14). All the cases and controls in the US and
Israeli datasets were of self-reported Caucasian ancestry. Demographic features of the XFG
subgroup (those XFS patients who also had evidence of glaucoma) were similar to the XFS
cases overall for both datasets (69.0 years and 55.5% female for the US dataset and 75.0
years and 47.8% female for the Israeli dataset).

2.2. Genotyping

We selected seven tag SNPs that captured >95% of alleles at r? greater than 0.8 across the
CLU genomic region, including all exons, introns, the 5’UTR, the 3’UTR, and the 7 kb
proximal promoter region. Tag SNPs were selected according to the HapMap CEU (Utah
residents with Northern and Western European ancestry from the CEPH collection) + TSI
(Tuscans in Italy) data (version 3, release R2) using Haploview (version 4.2; Barrett et al.,
2005). The minimum minor allele frequency for checking markers was set to 0.1.
Genotyping was performed by TagMan assays (Applied Biosystems [ABI], Foster City,
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CA). Oligonucleotide primers were ordered from ABI (assay by demand) and performed
according to the manufacturer's instructions.

Because the SNP rs2279590 was not included in HapMap version 3, we did not select this
SNP as a tag SNP for genotyping. To perform the meta-analysis with published data from
other studies, we imputed rs2279590 genotypes using phased haplotypes of HapMap
reference CEU samples and MACH 1.0 software (Li et al., 2010). By comparing the
TagMan genotypes with the imputed genotypes of 7 tag SNPs in this study, we obtained an
accuracy of 99.7% for genotype imputation.

2.3. Statistical analysis

3. Results

The two case-control datasets were analyzed separately then meta-analyzed. The association
analysis was performed using PLINK (version 1.07; Purcell et al., 2007) for XFS overall and
the XFS subgroup that also had glaucoma (XFG). Hardy-Weinberg equilibrium was
assessed by the chi-squared test. The linkage disequilibrium (LD) plot was generated using
Haploview (version 4.2; Barrett et al., 2005), where squared Pearson correlation coefficient
(r?) was used to measure LD. Single SNP associations were evaluated using logistic
regression after adjusting for age and sex. Multiple comparisons, for each analysis, were
corrected using the Bonferroni method.

Haplotype frequencies were estimated using the standard E-M (Expectation-Maximization)
algorithm and tested using the chi-squared test. The omnibus P value for haplotype analysis
was obtained from the omnibus test, while the P values for individual haplotypes were
obtained from the haplotype-specific tests. The odds ratio (OR) and 95% confidence interval
(CI) were calculated for each of individual haplotypes compared to all the other haplotypes.

The heterogeneity between datasets was evaluated using the Cochran's Q statistic and the
heterogeneity index (12) (Higgins et al., 2003). Meta-analysis was performed using the
Mantel-Haenszel method, assuming fixed effects. The forest plot was generated by the
Review Manager software (RevMan, version 5.3; Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014) and manually modified using Adobe Illustrator
CS5.1 (Adobe Systems Inc., San Jose, CA).

Power analysis was performed using the Genetic Power Calculator (Purcell et al., 2003).
The disease prevalence was set as 1.8% for the US dataset and the US + Israeli datasets and
3.0% for the Caucasian datasets and the Caucasian + Indian datasets (Fan et al. 2011). The
risk allele frequency was set to the same as the marker allele frequency, ranging from 0.1 to
0.4. Linkage disequilibrium between the marker and the risk allele was set at D’ = 1.0. The
genotypic relative risks for heterozygous (Aa)/high risk homozygous (AA) genotypes were
set between 1.15/1.32 and 2.00/4.00, assuming an additive risk model (Purcell et al. 2003).

Seven SNPs capturing all CLU alleles with r2 > 0.8 (Fig. 1) and one additional SNP
previously reported to be associated with XFS were investigated for association with XFS
overall and the XFG subgroup. All 8 SNPs followed Hardy-Weinberg equilibrium in case
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and control samples in both the US and Israeli datasets (P > 0.1). None of the 8 CLU SNPs
evaluated were significantly associated with XFS or with the XFG subgroup in either dataset
separately (age and sex adjusted P > 0.14 and 0.36, respectively in the US and Israeli
dataset; Supplementary Table) or when they were meta-analyzed together (age and sex
adjusted P > 0.13; Table 2).

Haplotype analysis using all 8 SNPs did not find significant association of CLU with XFS (P
> 0.41; Table 3), or the XFG subgroup (P > 0.05; data not shown) in the combined US and
Israeli dataset. Haplotype analysis of 4 promoter region SNPs also did not identify
significant association with XFS (P > 0.28; Table 3), or the XFG subgroup (P > 0.05; data
not shown) in the combined US and Israeli dataset. Haplotype analysis using only
rs3087554 and rs2279590 also did not show significant association with XFS (P > 0.91;
Table 3), or the XFG subgroup (P > 0.56; data not shown) in the combined US and Israeli
dataset.

Previously, one CLU SNP rs3087554 was evaluated in relation to XFS overall in 3
Caucasian populations from Australia, Germany and Italy (Burdon et al., 2008; Krumbiegel
et al., 2009) and most recently in 3 Asian populations from India and Japan (Padhy et al.,
2014; Dubey et al., 2015; Aung et al., 2015). Another CLU SNP rs2279590 was also
assessed for association with XFS in the German, Italian and Indian populations
(Krumbiegel et al., 2009; Padhy et al., 2014; Dubey et al., 2015). Meta-analysis of the data
from our US and Israeli datasets with published data from other Caucasian populations
showed statistically significant association of rs2279590 with XFS overall (summary OR =
1.18, 95% CI: 1.03-1.33, P = 0.01; Fig. 2). Significant association between rs2279590 and
XFS was also observed in Indian populations (summary OR = 0.76, 95% CI: 0.61-0.96; P =
0.02; Fig. 2); however, significant heterogeneity between the Caucasian and Indian
populations precluded an overall meta-analysis for rs2279590 (Q = 0.001, 12 = 91%:; Fig. 2).
No significant association was found for rs3087554 in Caucasian populations (summary OR
=0.90, 95% ClI: 0.77-1.05, P = 0.17; Fig. 3) or Indian populations (summary OR = 0.89,
95% CI: 0.72-1.10, P = 0.28; Fig. 3), or in the combined Caucasian + Indian populations
(summary OR = 0.90, 95% CI: 0.79-1.01, P = 0.08; Fig. 3). There was significant
heterogeneity between the Japanese study and the non-Japanese studies (Q = 0.006, 12 =
87%; Fig. 3), making it impossible to include the Japanese data in the meta-analysis of
rs3087554. The direction of effect for the risk alleles in the Indian and Japanese populations
is opposite that in the Caucasian populations, which could underlie the observed
heterogeneity.

Meta-analysis of our US and Israeli datasets with the German data showed a nominally
significant association of the haplotype “A-A” formed by rs3087554 and rs2279590 with
XFS overall (OR =1.16, 95% CI: 1.01-1.34, P = 0.038). This analysis was restricted to the
US, Israeli and German datasets because haplotype data was not available for the Italian,
South Indian and Japanese datasets and the associated alleles are reversed in the Indian
datasets.
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4. Discussion

Clusterin mRNA and protein appear to have reduced expression in anterior segment tissues
and aqueous humor of XFS patients compared to normal and non-XFS glaucomatous control
subjects (Zenkel et al., 2006, 2005), suggesting that absence of the protein may contribute to
development of XFS. We hypothesized that CLU genetic variation causing decreased CLU
expression might contribute to XFS risk. In this study, we evaluated tag SNPs that captured
>95% of genetic variation in the CLU gene region as well as the proximal 7-kb promoter for
association with XFS and the XFG subgroup in two independent Caucasian case-control
datasets. We did not detect significant association between common CLU SNPs or CLU
haplotypes and XFS in the combined US - Israeli dataset (Tables 2 and 3). Previous studies
have implicated two CLU SNPs in XFS, rs3087554 and rs2279590 in Caucasian, Indian and
Japanese populations (Burdon et al., 2008; Krumbiegel et al., 2009; Padhy et al., 2014;
Dubey et al., 2015; Aung et al., 2015). To further evaluate these associations, we performed
a meta-analysis using our genotype data for the US and Israeli datasets as well as published
data for the Australian, German, Italian, Indian and Japanese datasets. Our meta-analysis
revealed significant association of rs2279590 with XFS in both Caucasian and Indian
populations (Fig. 2). Significant heterogeneity among the Caucasian and Indian datasets was
observed for rs2279590 precluding an overall meta-analysis for this SNP (Fig. 2). Similarly,
significant heterogeneity between the Japanese study and the non-Japanese studies made it
impossible to include the Japanese data in the meta-analysis of rs3087554 (Fig. 3). The risk
allele and direction of effect for both rs3087554 and rs2279590 is consistent among
European ancestry Caucasian populations. For 3087554, the risk allele and direction of
effect in the Indian datasets is the same as the Caucasian datasets (Burdon et al., 2008;
Krumbiegel et al., 2009; Padhy et al., 2014; Dubey et al., 2015), however the direction of
effect for the risk allele G is in the opposite direction for the Japanese dataset (Aung et al.,
2015). Similarly, for rs2279590 the direction of effect of risk allele G in the Indian
populations is opposite that of the European Caucasians (this SNP was not genotyped in the
Japanese study) (Krumbiegel et al., 2009; Padhy et al., 2014; Dubey et al., 2015).
Interestingly, there is evidence of nominal association for both CLU SNPs (rs3087554 in the
Japanese dataset and rs2279590 in the Indian datasets) despite the differences in direction of
effect, which may be caused by “flipping’ of the risk allele due to population specific effects
(Lin et al., 2007). This is a recognized phenomenon in disease association studies including
the association of LOXL1 with XFS where commonly associated SNPs are “flipped’ in some
Asian populations and in the South Africans (Wang et al., 2014; Dubey et al., 2014;
Williams et al., 2010). Alternatively, the observed associations between CLU SNPs in the
Indian and Japanese populations may be spurious findings. To provide further insight into
this issue, additional analyses using larger datasets and possibly other populations will be
necessary.

In Australians, a haplotype of 9 CLU tag SNPs was significantly associated with XFS (P =
0.005 and 0.01 in the full dataset and the age-restricted control dataset respectively) (Burdon
et al., 2008). Haplotype analysis using 5 CLU tag SNPs in the German dataset showed a
haplotype nominally associated with XFS (P = 0.05), and analysis of haplotypes formed by
rs3087554 and rs2279590 showed a significant association of the haplotype “A-A” with
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XFS in the German dataset but not in the Italian dataset (Krumbiegel et al., 2009). In the
Indian study, a significant association of the haplotype “A-G” (rs3087554|rs2279590) with
XFS was observed (P = 0.001) (Padhy et al., 2014). Our haplotype analysis of 8 SNPs in
CLU did not find significant association with XFS (P > 0.28 in the combined US and Israeli
dataset; Table 3). We also did not find significant association between the rs3087554|
rs2279590 haplotype and XFS (P > 0.91 in combined US and Israeli dataset; Table 3).
Meta-analysis of our US and Israeli datasets with the German data showed a nominally
significant association of the haplotype “A-A” (rs3087554|rs2279590) with XFS (P =
0.038).

Because the Indian study suggests that the rs2279590 risk allele increases CLU gene
expression (Padhy et al., 2014), we were particularly interested in assessing genetic variation
in the CLU promoter region. We did not identify significant association between CLU
promoter SNPs and XFS or XFG in either the US or the Israeli dataset separately
(Supplementary Table) or when they were meta-analyzed together (Table 2), and promoter
region haplotypes were also not significantly associated with XFS (Table 3). The promoter
region has been poorly investigated in previous studies. Only one tag SNP, rs9314349 that
captured approximately 2-kb promoter region was investigated in the Australian study
(Burdon et al., 2008) and promoter region SNPs were not included in the German, Italian,
Indian and Japanese studies (Krumbiegel et al., 2009; Padhy et al., 2014; Dubey et al., 2015;
Aung et al., 2015). Our results suggest that the CLU promoter may not contribute to XFS
development, but studies using larger sample sizes would be necessary to confirm this.
Further investigations into other gene regulatory elements in CLU are also warranted.

Data from the Indian dataset suggests that the rs2279590 ‘G’ allele is associated with
increased CLU expression (Padhy et al, 2014); however, a previous study in Germans
indicates that decreased CLU expression is found in ocular tissues from XFS compared to
controls (Zenkel et al, 2006). This apparent paradox may be related to the observed reversal
of the risk allele for rs2279590 in the Indian population; however, this also argues that
rs2279590 does not have a biological effect and that other variants in this region, that may
be shared among populations, could be responsible for the observed variation in gene
expression. The consensus may be that dysregulation of CLU can contribute to XFS but
further work will be necessary before firm conclusions can be reached.

The present study is the first to evaluate the association of the CLU variants with XFS in the
US and Israeli populations and the first meta-analysis of CLU association studies. The
relatively small sample size is a limitation of our study and the other CLU association
studies published to date. For our study, we estimated that we had 98% of power to detect a
moderate genetic effect in the US dataset (genotypic relative risk of 2.00 for Aa and 4.00 for
AA, given an additive risk model), and 61%-92% power to detect smaller genetic effects
(1.50/2.25 for Aa/AA), depending on the marker allele frequency (Purcell et al., 2003).
However, our meta-analysis of rs3087554 and rs2279590 suggests that genetic effects of
CLU variants are more likely to be more modest and on the order of 1.15/1.32 for Aa/AA
(Fig. 2, 3). We therefore had only 14%-27% power in the US + Israeli datasets (314 cases
and 446 controls), 49%-86% of power in the Caucasian datasets (1,270 cases and 3,400
controls), and 58%-93% of power in the Caucasian + Indian datasets (1,705 cases and 3,713
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controls) to detect this more modest genetic effect. A larger dataset with more power may be
necessary to detect associations between CLU variants and XFS or the XFG subgroup.
Despite the limited power, our meta-analysis of 1,184 cases and 978 controls in the
Caucasian populations revealed significant association for one CLU SNP, suggesting that
common variants in this gene may be risk factors for the development of XFS. In addition,
our study and those previously published have only investigated common variation in CLU,
and further study of CLU rare variation in XFS cases and controls would be of interest.

5. Conclusions

In summary, we have evaluated common variants in CLU as genetic risk factors for XFS.
Our results suggest that at least one common variant in this gene may be associated with
modest risk for XFS. Additional studies using larger datasets that include rare variant
analysis will be necessary to confirm our findings and identify genetic variants that
contribute to the complex etiology of this important ocular disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Linkage disequilibrium plot of the 8 SNPs around CLU in the US dataset. The numbers in

the diamond refer to r2 values: white indicates r? = 0, shades of grey represents 0 < r2 <1,
and black indicates r2 = 1. Chromosomal positions were based on NCBI build 36.3 (National
Center for Biotechnology Information, Bethesda, MD).
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Fig. 2.

Mgeta-analysis with prior studies of rs2279590 and exfoliation syndrome. Odds ratio was
calculated per each increase in minor allele A. The summary odds ratio was 1.18 (95% ClI:
1.03-1.33) for the Caucasian populations and 0.76 (95% CI: 0.61-0.96) for the Indian
populations. Significant heterogeneity between the Caucasian and Indian populations
precluded an overall meta-analysis for rs2279590 (Q = 0.001, 12 = 91%).
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Population Study XFS  Controls Odds Ratio
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Fig. 3.

Mgeta—analysis with prior studies of rs3087554 and exfoliation syndrome (XFS). Odds ratio
was calculated per each increase in minor allele G. The summary odds ratio was 0.90 (95%
ClI: 0.77-1.05) for the Caucasian populations, 0.89 (95% CI: 0.72-1.10) for the Indian
populations, and 0.90 (95% CI: 0.79-1.01) for the Caucasian and Indian populations,
respectively. The odds ratios between the Caucasian and Indian datasets were not
significantly heterogeneous (Q = 0.92, 12 = 0%). Significant heterogeneity precluded the
addition of the Japanese data to the meta-analysis for rs3087554 (Q = 0.006, 12 = 87%).
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