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Abstract
Background and Purpose:  Although a genetic contribution to ischemic stroke is well recognized, only a handful of stroke loci have been identified by large-scale genetic association studies to date.  Hypothesizing that genetic effects might be stronger for early- versus late-onset stroke, we conducted a two-stage meta-analysis of genome-wide association studies (GWAS), focusing on stroke cases with an age of onset < 60 years old.  
Methods:  The Discovery stage of our GWAS included 4,505 cases and 21,968 controls of European, South-Asian and African ancestry, drawn from 6 studies. In Stage 2, we selected the lead genetic variants at loci with association P<5x10-6 and performed in silico association analyses in an independent sample of up to 1,003 cases and 7,745 controls.  
Results:  One stroke susceptibility locus at 10q25 reached genome-wide significance in the combined analysis of all samples from the Discovery and Follow-up Stages (rs11196288, OR=1.41, P=9.5x10-9). The associated locus is in an intergenic region between TCF7L2 and HABP2. In a further analysis in an independent sample, we found that two SNPs in high linkage disequilibrium with rs11196288 were significantly associated with total plasma factor VII-activating protease levels, a product of HABP2.    
Conclusions:  HABP2, which encodes an extracellular serine protease involved in coagulation, fibrinolysis, and inflammatory pathways, may be a genetic susceptibility locus for early-onset stroke. 
Introduction
Stroke is the 4th leading cause of death in the U.S. and a major cause of long-term disability among adults.1  Ischemic stroke, the predominant type of stroke, has a multifactorial etiology, with heritability estimated at 37~38%.2, 3 One approach to gain insights into the molecular basis underlying stroke susceptibility is to identify stroke susceptibility genes and then assess the functions of these genes.  A handful of stroke susceptibility loci have recently been identified.4, 5 Additional stroke susceptibility loci can perhaps be identified by studying special high risk populations and/or focusing on specific subtypes of stroke.
We focus in this study on identifying susceptibility loci associated with early onset stroke, based on the premise that variants associated with younger onset stroke might have higher penetrance and effect sizes than those associated with older onset stroke.  Disease-associated variants have been associated with early-onset forms of numerous other complex diseases, including breast cancer, diabetes, and heart disease.  While a minority of stroke cases occur at young age, the best available evidence suggests that stroke at younger ages has a stronger genetic basis than stroke occurring at older ages.4 
To identify loci associated with early-onset stroke, we conducted a 2-stage genome-wide association study (GWAS), in which we meta-analyzed 6 individual studies in the Discovery Stage and then followed up suggestively associated loci in independent samples. In a combined analysis of the Discovery and Follow-up Stages, we detected significant evidence for association to a locus on chromosome 10q25 that met genome-wide significance thresholds.  Further analyses of this locus suggest a possible link to HABP2, which encodes Factor VII activating protease.   
Methods
Genome-wide association meta-analysis.  The Discovery stage for the GWAS meta-analysis included 4,505 early-onset ischemic stroke cases and 21,968 controls from 6 case-control studies (Table 1).  Our analysis included only early-onset ischemic stroke cases, defined as stroke age of onset <60 years using study-specific diagnostic criteria. Two of the Discovery Stage studies by design included only young onset cases (GEOS and SIFAP).  Four of the Discovery studies included individuals of European ancestry only, one included individuals of South-Asian ancestry only, and one included individuals of both European ancestry and African Americans.  Three of the studies by design included previously genotyped controls selected from the same geographic region as the cases and genotyped on the same SNP array.    
The Follow-up stage included a total of 1,003 independent, early-onset cases and 7,745 controls from three independent case-control studies of European ancestry populations.  Study-specific subject inclusion/exclusion criteria are provided in the Supplementary Data, and study characteristics and sample sizes are summarized in Table 1 and Supplemental Tables I-II.  
All studies were genotyped on Illumina SNP arrays (San Diego, CA, USA).  Following data cleaning, principal component analyses were performed to identify population outliers and to determine population substructure for adjustment in the association analyses.   Quality control filters for samples and SNPs were applied within each study prior to imputation (Supplemental Tables III-IV).  Imputation was performed in the Discovery Stage samples based on either the 1000 Genomes Phase 1 interim reference panel or the Phase 1 integrated reference panel using IMPUTE2 software (Supplemental Table III).6 Post-imputation filters further excluded SNPs from association analyses having minor allele frequency (MAF)<1% or imputation quality score (INFO)<0.3. In the Follow-up stage studies, all studies were imputed using 1000 Genomes Phase 1 integrated reference panel prior to association testing.    
For the three studies that by design included previously genotyped controls (RACE I, SIFAP, and WTCCC2-UK), additional quality control steps, such as removing SNPs with evidence for differential missingness, were performed to ensure comparability of genotyping performance between cases and controls.  Q-Q plots for all studies revealed no evidence for genomic inflation (lambdas ranging from 1.00-1.06) and the meta-analysis was further GC-corrected.  
Detailed information about the genotyping platforms, genotype cleaning procedures, imputation process, and association analysis modeling is described in the Supplemental Data and Supplemental Tables III-IV.    
GWAS analysis was performed within each study using a logistic regression model with case/control status as the dependent variable and SNP allelic dosage as the independent variable to test for a multiplicative effect of the SNP on risk of ischemic stroke. The study-specific effect of each SNP, expressed as the ln-transformed odds ratio (OR) or β, was obtained after adjusting for the effect of population structure and/or additional study-specific variables prior to meta-analysis. 
 	To account for the multi-ethnic composition of studies, we performed a trans-ethnic GWAS meta-analysis that combined association summary statistics from European, South-Asian and African ethnic groups (n=4,505 cases and 21,968 controls from all studies).  The Follow-up stage (3 studies, n=1,003 cases and 7,745 controls) consisted of European Caucasians only.   Ethnic-specific β estimates (obtained by meta-analyzing studies of the same ethnicity) were meta-analyzed assuming a random effect model to allow for heterogeneity between different ethnic groups. Post-analysis we excluded SNPs with MAF<1% and INFO<0.3.  We additionally excluded SNPs with high between-study heterogeneity (I2>50%) and SNPs present in only 1 ethnic group.
All meta-analyses were performed using the GWAMA software and repeated using the fixed-effect model as well as Han and Eskin's random effects model (implemented with METASOFT software) to evaluate the consistency of associations. Meta-analyses were performed by two independent analysts and the results were consistent.
SNPs with P<5x10-6 in the Discovery stage and having high LD partners that also showed evidence for association were assessed for association in the Follow-up stage via in silico look-ups.  A joint analysis of the combined Discovery and Follow-up studies was performed by meta-analyzing the study-specific estimates from all studies to obtain joint ORs and p-values under fixed effect model. We considered a p-value<5x10-8 from the joint analysis as our threshold for genome-wide statistical significance.   
We also performed a European-only GWAS meta-analysis (Discovery Stage: n=2,567 cases and 17,163 controls from 5 studies), in which study-specific β estimates were meta-analyzed using the inverse-variance weighted approach assuming a fixed-effect model.  SNPs absent in more than 2 European studies (European-only meta-analysis) were excluded from analysis.
We estimated that the combined sample provided 80% power to detect an odds ratio of 1.36 in the trans-ethnic meta-analysis at 5% MAF assuming a significance level (α) of 5x10-8.  The minimal detectable odds ratio at 80% power in the European-only meta-analysis was 1.48.  Power calculations were obtained using the QUANTO software. 
Extension to older onset stroke.  We tested whether SNPs associated with young onset stroke were also associated with stroke in older populations through in silico look-ups in the METASTROKE consortium,7 a consortium comprising 15 studies of predominantly older stroke cases. METASTROKE studies already included in either the Discovery or Follow-up stage of the early-onset stroke GWAS were excluded from this analysis.  Study-specific GWAS results obtained from METASTROKE were provided to Y-C C for meta-analysis.  Basic study design features and cohort characteristics of the METASTROKE studies have been published previously7 and are summarized in the Supplementary Data and Supplemental Table V.
Association of SNPs at 10q25 with FSAP protein levels.	A single locus on chromosome 10q25 near hyaluronan binding protein 2 (HABP2), the gene encoding Factor VII activating protease (FSAP), met genome-wide statistical significance in the joint meta-analysis.  Because we considered HABP2 to be a strong biological candidate gene for ischemic stroke, we tested for association of the index SNPs at the associated locus with variation in plasma FSAP levels, which were measured in relatively healthy participants of the Sahlgrenska Academy Study on Ischemic Stroke (SAHLSIS)8 (see Supplemental Data).  FSAP levels, measured by an FSAP-specific ELISA as previously described,9 were logarithmically transformed prior to analysis. Analyses were conducted in normolipidemic control subjects only (n=125) because FSAP antigen and activity levels are increased in both ischemic stroke and hyperlipidemia.9  
The statistical significance level was set at 0.05 and P-values were two-tailed. Statistical tests were performed using the SPSS Statistics software program.   

Results
Genome-wide SNP association with early-onset ischemic stroke
	 The trans-ethnic meta-analysis included 13,439,215 SNPs having MAF>1% in at least 2 ethnic groups. Approximately 57%, 35% and 8% of the cases were from European, South-Asian and African ancestry, respectively (Table 1; Supplemental Table I). The mean age of stroke cases ranged between 41 to 52 years. There was evidence for genomic deflation (λ=0.90; Supplemental Figure IB) under the random effect model but no evidence of genomic inflation or deflation under the fixed effect model (λ=1.007). The strongest association was with a cluster of 12 SNPs (P-values<5x10-6) spanning a 22 kb region (chr10: 115042323-115064197bp) (Figure 1B; Supplemental Table VI). The associated cluster fell within an intergenic region between TCF7L2 and HABP2 on chromosome 10q25.3 as shown in Figure 2 (lead SNP rs11196288; OR=1.39, P=1.24x10-7, effect allele=G, random effect model).  Results of the leading SNP associations for the trans-ethnic analysis remained similar when analyzed using the Han and Eskin's Random Effects model (rs11196288; OR=1.40, P=1.25x10-7) and fixed effect model (rs11196288; OR=1.39, P=1.24x10-7). 
The 10q25.3 locus was the only locus with P<5x10-6 and was taken forward for follow-up analysis.  The index SNP (rs11196288) was not genotyped in the WTCCC Immunochip study.  In meta-analysis of the two remaining Follow-up studies (n=502 cases and 2041 controls), this SNP showed significant evidence for significance (OR=1.83, P-value=0.03). In the combined analysis of both Discovery and Follow-up studies, the 10q25.3 locus was genome-wide significant with minimal heterogeneity between studies (rs11196288: between-study heterogeneity I2=1.6%, P=0.42; OR=1.41, P=9.5x10-9 under the fixed effect model and P=1.5x10-8 under the random effect model; Supplemental Table VII).  The direction of effect for the lead SNP, rs11196288, was consistent in 9 out of the 10 studies (Figure 3). Notably, the study with the inconsistent direction of effect (MILANO; OR=0.93, 95% CI=0.39-2.21, P=0.86), also had the lowest imputation quality score for this SNP (INFO=0.67), while the other 9 studies had excellent imputation quality (INFO ranging between 0.96 and 0.99). 
The European-ancestry GWA analysis included 2,567 cases and 17,163 controls from 5 studies in the Discovery stage (CADISP, GEOS European ancestry, MILANO, SIFAP and WTCCC2-UK) and was based on a total of 10,537,953 SNPs with MAF>1% in the study population. Following meta-analysis and after excluding a single isolated SNP showing marginal evidence for association, a total of 21 SNPs from four loci showed suggestive associations with P-values<5x10-6 (Figure 1A; Supplemental Figure IA). However, none reached genome-wide significance (P-value<5x10-8). There was no evidence for genomic inflation (λ=1.004). The four suggestively associated loci, each represented by the two most significant SNPs, are listed in Supplemental Table VII. Of note, one of these loci includes Factor V (F5), a well-known stroke candidate gene.10, 11  Of the four loci identified in the European-only meta-analysis, none showed strong evidence for association in the Follow-up Stage (all Stage 2 P-values>0.22; Supplemental Table VII).
	Secondary analyses of the associations between rs11196288 and ischemic stroke subtypes based on the 8 studies in the Discovery phase revealed nominally significant associations with all three major stroke subtypes under the random effect model: cardioembolic stroke (OR=1.34, P=0.02), large artery atherosclerotic stroke (OR=1.65, P=0.01) and small vessel stroke (OR=1.57, P=0.003). For large artery atherosclerotic stroke, there was substantial heterogeneity in effect size between studies (I2=40%). In addition, rs11196288 showed a strong association with undetermined stroke, which accounted for 41% of all early-onset stroke cases in the Discovery phase studies (OR=1.44, P=3x10-5).  Evidence for association with stroke of other determined etiology could not be evaluated due to limited number of cases. A further genome-wide meta-analysis of stroke subtypes was performed as an exploratory analysis as it was extremely underpowered; this provided no evidence for subtype-specific associations (Supplemental Table VIII and Supplemental Figures II-III.)
We used the Ensemble Variant Effect Predictor tool to predict function of the index SNPs and SNPs in high LD with them.  From these analyses, we identified two SNPs predicted to be regulatory region variants that were in high LD with the index SNP at 10q25.  Rs1338423 (r2=0.88 with rs11196288) and rs4918806 (r2=1 with rs11196288) both fall in an open chromatin region. Rs4918806 additionally falls in a promoter flanking region and a CTCF binding site.  

Associations of previously known stroke-relevant loci and the risk of early-onset ischemic stroke
Using the Discovery stage samples, we examined associations between early-onset ischemic stroke and 8 loci previously associated with ischemic stroke in GWAS of predominantly European older stroke cases.3, 7, 12-18  We observed nominally significant associations (i.e., P<0.05) with early-onset ischemic stroke at four loci (ALDH2, PITX2, CDKN2B-AS1 and ABO) in the European-only analyses (Supplemental Table IX). Interestingly, ABO was also associated with undetermined stroke, a predominant stroke subtype in early-onset stroke patients.  In trans-ethnic meta-analysis, SNPs at PITX2 and ABO, but not CDKN2B-AS1 or ALDH2, showed nominal association with stroke (Supplemental Table IX).  

Effect of the 10q25 locus on risk of ischemic stroke in older populations from the METASTROKE consortium 
	We further examined whether the two lead SNPs identified in our early-onset stroke GWAS were associated with the risk of ischemic strokes at older age of onset by performing an in silico look-up of association results from the METASTROKE consortium.  Of the 15 discovery studies in METASTROKE, 13 had genotyped rs11196288 and rs4918806, a perfect proxy (r2=1) for rs61872854.  Five of these studies were already included in either the Discovery or Follow-up stage of the early-onset stroke GWAS, leaving 8 studies for the in silico look-up.   Mean age of stroke in these studies ranged from 57.3 to 81.6 years old.  Study level results were utilized because individual level data are not available through METASTROKE.  No significant associations were observed for either rs11196288 (OR=1.08, 95% CI=0.96-1.22, P=0.18) or rs4918806 (OR=1.04, 95% CI=0.94-1.14, P=0.47) in the meta-analysis of the 8 studies.  However, when ranking these studies by the mean age of stroke cases (Figure 4), the study with youngest mean age (i.e. ARIC, mean age onset=57.3 years) showed the strongest risk associated with the two SNPs (OR=1.51) while the study with oldest mean age (i.e. CHS, mean age onset=81.6 years) showed a non-significant inverse association with the two early-onset stroke associated SNPs (OR=0.67).   Results remained similar when the one study with more than 30% of early-onset stroke cases (HPS) was removed from the analyses (rs11196288: OR=1.09, 95% CI=0.96-1.23, P=0.18; rs495366: OR=1.03, 95% CI=0.93-1.14, P=0.55). 

Associations with plasma FSAP levels 
	Of the 12 SNPs at 10q25 showing suggestive associations with early-onset ischemic stroke, two (rs7906302 and rs1338423) had previously been genotyped in SAHLSIS and were tested for association with circulating FSAP levels (n=125 normolipidemic control subjects).   The risk alleles associated with stroke susceptibility were significantly associated with higher FSAP levels at both loci (rs7906302:  15.1 vs. 11.7 µg/ml for (AC + CC) vs AA genotypes; P=0.026 and rs1338423:  15.6 vs. 11.7 µg/ml for AG vs AA genotype; P=0.012) (see Figure 5). The risk allele frequencies for rs7906302 (allele C) and rs1338423 (allele G) are 0.04 and 0.03 in SAHLSIS controls, respectively.  Both SNPs are in high LD (r2=0.88, Supplemental Table VI) with the index SNP rs11196288.

Discussion
	Although a genetic predisposition to stroke is widely acknowledged, our understanding of genetic basis for ischemic stroke is limited.  We have focused in this study on early-onset ischemic stroke, a form of stroke for which there may be a genetic enrichment.  Our study included a total of 4,505 early-onset stroke cases and 21,968 controls from three ethnic groups, thus making it the largest genome-wide association study of early-onset stroke carried out to date by far. 
Our analysis identified a novel locus at 10q25 strongly associated with early-onset ischemic stroke with an estimated ~1.40-fold increased risk associated with the risk variant.  The 10q25 association showed consistent direction of effect in 9 out of the 10 studies, but achieved genome-wide significance only in the combined analyses of discovery and follow-up samples. Further replication of this locus in independent samples is warranted. Despite this limitation, this locus is of great interest due to its proximity to HABP2. HABP2 encodes FSAP, an extracellular serine proteinase that cleaves urinary plasminogen activator, coagulation factor VII, and tissue factor pathway inhibitor, and helps regulate coagulation, tissue remodeling and inflammation.19-22  Previous studies reported elevated levels of FSAP activity in patients with coronary artery disease23 and ischemic stroke.9 Rare genetic variants (e.g. the Marburg I polymorphism) in HABP2 have also been associated with increased risk of deep venous thrombosis,24 carotid stenosis,25 and stroke.26  Recent animal studies have also suggested that FSAP activity may modulate stroke-associated brain injury.27 
Although the locus associated with early-onset ischemic stroke in our study is located in an intergenic region ~253 kb away from HABP2, several of the associated SNPs are predicted to have regulatory properties and associate with circulating levels of FSAP, implicating a possible mechanism leading to increased risk of early-onset stroke via HABP2.  Interestingly, the previously known Marburg I polymorphism in HABP2 (rs7080536), showed no association with early-onset stroke in our analysis (data not shown).  Further studies are needed to identify the causal variant(s) tagged by these associated SNPs as well as their functional properties leading to the increased risk of early-onset stroke. In contrast to most of the previously known stroke-relevant loci, our data are consistent with this 10q25 locus being associated with multiple stroke subtypes, a finding consistent with the possible thrombotic mechanism of HABP2 that can lead to increased coagulation and therefore susceptibility across the different stroke subtypes.
Our study also suggests that the effects of the 10q25 locus may be specific to (or at least more pronounced in) early-onset stroke because the association was largely absent in METASTROKE studies, which consisted of predominantly older stroke cases. Unfortunately, we did not have access to large case-control cohorts consisting of stroke cases >60 years only, and therefore, we were unable to compare the allele frequency of rs11196288 between younger and older stroke cases directly to assess its effect on age of stroke onset.  However, even within METASTROKE, there is a hint of an age-dependency with the locus effect appearing strongest in the study with the youngest mean age of onset (i.e. ARIC, mean age=57.3 years, OR=1.51) and weakest in the study with the oldest mean age of stroke onset (i.e., CHS, mean age=81.6 years, OR=0.67).  An age-dependency for genetic effects would be parallel to prior reports that other risk factors may have large effects in younger versus older-onset stroke.28 Further studies on possible interactions between genetic variants and environmental exposures are needed to elucidate how the genetic risk to stroke changes over the life span and/or in the presence of environmental challenges. 
Despite the lack of association between 10q25 and risk of stroke at older age of onset, some of the previously reported stroke loci (identified via studying mainly older stroke cases3, 7, 13-18) showed nominal associations with early-onset stroke in our study, including PITX2 with cardioembolic stroke, CDKN2B-AS1 with large artery stroke, ALDH2 with overall ischemic stroke and ABO with cardioembolic, large artery stroke and overall ischemic stroke. Our findings are thus consistent with early-onset and late-onset stroke sharing some of the same genetic susceptibility loci. 
Our study was powered to detect an odds ratio of 1.36 for a SNP with MAF=0.05, which was slightly smaller than the effect size (OR=1.41) actually observed for the associated SNP.  However, even including 4,500 early-onset stroke cases, we were unable to identify any subtype-specific stroke susceptibility loci in this early-onset stroke population using genome-wide association approach, possibly due to the small number of cases within each stroke subtype. Obtaining sufficient early-onset cases within each stroke subtype remains a significant challenge in future studies, and collaborative efforts will be needed to overcome this limitation.  In the European GWAS analysis, we failed to replicate F5, a key protein in the coagulation pathway, as an early-onset stroke susceptibility locus. Previous evidence from candidate gene studies has long suggested that genetic variants of F5 predispose to stroke, the most conspicuous example being the Factor V Leiden (FVL) variant.10, 11, 29 However, a recent large-scale meta-analysis suggested that the reported association between FVL and early-onset IS was more pronounced among studies where cases were selected on the basis of having cryptogenic stroke or recruited from a subset of patients referred for a thrombophilic work-up and the FVL-stroke association is much smaller among studies with unselected cases.10 This may explain the lack of consistent results observed in our GWAS because cases included in our analyses were unselected and thus the genetic effect may be less prominent.  Given the complexity of the study populations included in this study, significant phenotypic heterogeneity likely remains among stroke cases even within this early onset stroke group.    
	In summary, we have identified a novel locus at 10q25 associated with all ischemic strokes in young adult population. This locus is located near HABP2, which encodes an extracellular serine protease involved in coagulation, fibrinolysis and even inflammatory pathways, suggesting a plausible biological mechanism leading to increased risk of stroke.  This locus did not appear to have a significant effect in older cases, indicating this may be a genetic susceptibility locus for early-onset stroke. Further replication of the 10q25 locus and additional studies investigating the potential age of onset effect are needed.
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Figure Titles and Legends
Figure 1. Genome-wide association results of early-onset ischemic stroke based on (A) Trans-ethnic meta-analysis and (B) European-only meta-analysis. Red line: P=5x10-8; grey line: P=5x10-6.
Figure 2. Regional plot of the chr10q25.3 locus from trans-ethnic association analysis in the Discovery stage. Recombination rate was based on 1000 Genomes EUR data. Plot was generated using LocusZoom software.
Figure 3. Forest plot of rs11196288 at 10q25.3, including Discovery and Follow-up studies, in trans-ethnic analysis.
Figure 4.  Associations of rs11196288 and rs4918896 at 10q25.3 with risk of stroke in METASTROKE studies, by mean age of stroke cases.
Figure 5.  Plasma FSAP levels are associated with rs7906302 and rs1338423 in normolipidemic controls in SAHLSIS. Median and interquartile range (IQR) of FSAP according to genotype in controls. Differences in logFSAPag levels were calculated with Student’s t-test. * P<0.05
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Table 1.  Characteristics of Participating Studies
	
	Cases
	
	Controls
	
	
	
	

	Study
	Subjects, n
	Age, mean (SD)
	Male, n (%)
	
	Subjects, n
	Age, mean (SD)
	Male, n (%)
	External control
	Ancestry
	Country
	

	Stage 1: Discovery Stage

	CADISP
	555
	43.73 (9.9)
	339 (61.1)
	
	9259
	N/A
	N/A
	No
	EA
	Belgium, France, Germany, Italy, Switzerland and Finland

	GEOS EA
	448
	41.0  (7.0)
	275 (61.4)
	
	498
	39.5 (6.7)
	
282 (56.6)

	No
	
EA

	
USA

	GEOS AA
	381
	41.9 (6.8)
	207 (54.3)
	
	352
	40.0 (6.8)
	196 (55.7)
	No
	AA
	USA

	MILANO
	201
	45.0 (10.4)
	120 (60.9)
	
	407
	50.8 (8.1)
	357 (87.8)
	No
	EA
	Italy

	RACE 1
	1218
	50.1 (9.9)
	638 (52.4)
	
	1158
	51.9 (7.9)
	613 (53)
	PROMIS
	
South Asian
	Pakistan

	RACE 2
	339
	50.2 (9.2)
	272 (80.4)
	
	3295
	60.9 (13.2)
	1838 (55.8)
	PROMIS
	South Asian
	Pakistan

	SIFAP
	981
	41.7 (7.4)
	599 (61.1)
	
	1824
	55.2 (11.6)
	899 (49.3)
	KORA
	EA
	Germany

	WTCCC2-UK
	382
	51.9 (7.3)
	228 (59.7)
	
	5175
	52
	2611 (50.5)
	British Birth Cohort & UK Blood Service Control
	EA
	UK

	Total
	4505
	
	
	
	21968
	
	
	
	
	

	Stage 2: Follow-up Stage

	ASGC
	227
	52.3 (8.7)
	151 (66.5)
	
	1244
	66.3 (7.5)
	625 (50.2)
	No
	EA
	Australia

	WTCCC2-Munich
	275
	48.8 (8.5)
	188 (68.4)
	
	797
	62.7(10.9)
	410 (51.4)
	KORA
	EA
	Germany

	Immunochip
	501
	48.7 ~ 53.4.
	58% ~ 73%
	
	5704
	N/A
	27% ~ 50%
	No
	EA
	Belgium, Germany, Poland, Sweden and UK

	Total
	1003
	
	
	
	7745
	
	
	
	
	
	



