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Abstract

Rationale: Asthma has substantial morbidity and mortality and a strong genetic component, but identification of genetic
risk factors is limited by availability of suitable studies.

Objectives: To test if population-based cohorts with self-reported physician-diagnosed asthma and genome-wide
association (GWA) data could be used to validate known associations with asthma and identify novel associations.

Methods: The APCAT (Analysis in Population-based Cohorts of Asthma Traits) consortium consists of 1,716 individuals with
asthma and 16,888 healthy controls from six European-descent population-based cohorts. We examined associations in
APCAT of thirteen variants previously reported as genome-wide significant (P<5x10 °) and three variants reported as
suggestive (P<5x10~7). We also searched for novel associations in APCAT (Stage 1) and followed-up the most promising
variants in 4,035 asthmatics and 11,251 healthy controls (Stage 2). Finally, we conducted the first genome-wide screen for
interactions with smoking or hay fever.
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Main Results: We observed association in the same direction for all thirteen previously reported variants and nominally
replicated ten of them. One variant that was previouslg/ suggestive, rs11071559 in RORA, now reaches genome-wide
significance when combined with our data (P=2.4x10""). We also identified two genome-wide significant associations:
rs13408661 near ILTRLT/ILT18R1 (Pstage1+stage2 = 1.1x10~°), which is correlated with a variant recently shown to be associated
with asthma (rs3771180), and rs9268516 in the HLA region (Pstagei-+stage2 = 1.1x10~8), which appears to be independent of
previously reported associations in this locus. Finally, we found no strong evidence for gene-environment interactions with
smoking or hay fever status.

Conclusions: Population-based cohorts with simple asthma phenotypes represent a valuable and largely untapped
resource for genetic studies of asthma.
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Introduction

Asthma, characterized by episodic breathlessness, chest tight-
ness, coughing and wheezing, is estimated to affect 300 million
people worldwide [1] and is associated with morbidity and
economic costs that are comparable with other common chronic
diseases [2,3]. As with many common diseases, asthma risk is
determined by both genetic and environmental factors, and
estimates of heritability (the proportion of variability in risk within
a population due to inherited factors) range from 35 to 90% in
twin studies [4,5,6]. However, only a handful of genetic variants
have thus far been validated as associated with asthma risk at
stringent levels of statistical significance.

The first genome-wide association (GWA) study for asthma [7]
was conducted in 2007, with 994 child-onset asthmatics and 1,243
non-asthmatics. This study implicated a locus near ORMDL3 — a
gene not previously suspected to have a role in asthma
susceptibility. Although the initial association did not reach a
widely used threshold for genomewide significance in discovery
samples (P<<5x107%), the association was subsequently replicated,
including numerous independent studies, particularly in Europe-
an-derived and Hispanic populations [8,9,10,11]. Subsequent
GWA studies of asthma identified variants in PDE4D [12] and
DENNDIB [13] associated with asthma at genome-wide significant
levels, although the proposed variant in DENNDIB showed
considerable heterogeneity of associations between different
populations. In a GWA study of severe asthma, two other loci
narrowly missed genome-wide significance [14]: one in the HLA
region, and one near RADS50, (a locus previously shown to be
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associated with total IgE levels) [15]. A GWA study of eosinophil
counts with follow-up testing in asthma case-control studies
identified variants near [ILIRLI/ILISRI and IL33 as being
associated with asthma [16]. More recently, a meta-analysis of
23 GWA studies by the GABRIEL consortium [17] studied 10,365
physician-diagnosed asthmatics and 16,110 participants without
asthma. They observed associations with asthma, particularly
childhood-onset asthma, at multiple loci (ORMDL3/GSDMB,
ILIRLI/ILISRI, HLA-DQ, IL33, SMAD3, and ILZ2RB). Several
additional loci in this study narrowly missed the genome-wide
significance threshold. Most recently, GWA studies in largely non-
European ancestries [18,19] confirmed some of the loci discovered
in Europeans, and identified additional associations at PYHINI,
USP38-GABI, an intergenic region of 10pl4, and a gene-rich
region of 12q13. A very recent GWA study of severe asthma in
Europeans found strong evidence for two previously established
loci (ORMDL3/GSDMB and ILIRLI/ILISRI) in patients with
severe asthma but did not identify any novel loci [20].

Many of the above findings have come from GWA studies on
samples specifically established for the investigation of allergy and
asthma, often with rich phenotypic information on asthma and
related diseases. While such detailed phenotypic information is
extremely valuable, collection of such samples is resource-
intensive, potentially limiting the sample size. As for all other
polygenic traits, sample sizes of current GWA studies of asthma
are a limiting factor in the search for genetic risk factors [21].
Expanding GWA studies to include additional cohorts that may
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not have such detailed phenotypic information could increase the
power to detect associations.

One route to increasing power may be found in the numerous
population-based cohorts with existing genome-wide genotype
data that also have basic information on doctor-diagnosed asthma,
but have not been comprehensively analyzed for associations with
asthma. The idea of reanalyzing existing GWA data is similar to
the approach adopted by consortia studying quantitative traits that
are routinely measured in many studies, such as height and weight
[22,23]. However, unlike anthropometric measures, asthma is a
disease where diagnostic criteria may not always be consistent
[24,25,26]. As such, it is uncertain whether the rather minimal
phenotype of a self-report of doctor-diagnosed asthma is sufficient
to be useful in genetic studies of asthma.

In this paper, we test whether a self-report of doctor-diagnosed
asthma in population-based cohort could be used to replicate
findings previously reported by other asthma GWA studies or
identify novel genetic associations with asthma. To achieve this
aim, we formed the Analysis in Population-based Cohorts for
Asthma Traits (APCAT) genetics consortium, which currently
includes 18,604 adults of European ancestry (1,716 cases and
16,888 controls) from six population-based cohorts with GWA
data. To study further the top hits emerging from the meta-
analyses of APCAT (Stage I), we utilized in-silico replication data
(Stage 2) from 15,286 adults of European ancestry (4,035 cases and
11,251 controls). We were able both to replicate known signals and
to identify new associations, indicating that genetic studies of
asthma in population-based cohorts are likely to be useful
complements to more focused studies of asthma.

Results

The APCAT genetics consortium includes 1,716 individuals
with asthma diagnosed (ever) by a physician, and 16,888 non-
asthmatic controls, from six population-based cohorts (Table 1).
Genome-wide genotyping was conducted on available platforms
and, after standard quality control (see Methods), subsequently
imputed to ~2.5 million autosomal SNPs using the HapMap
CEU reference panel (Table S1). Association studies with asthma
used an additive genetic model and were adjusted for sex,
ancestry-informative principal components and (in non-birth
cohorts) for age; we also controlled for relatedness in family-based
cohorts. We meta-analyzed the study-specific results using a fixed
effect model and considered ~2.2 million SNPs with imputation
quality >0.30 and minor allele frequency >5%. We applied
genomic control at the individual study level and again after meta-
analysis to correct for inflation of test statistics due to any
systematic bias. The individual study genomic control inflation
factors were modest (Agc =1.02 for all studies; Table S1). We
also explored whether stratifying the individual cohorts by
smoking status or by the presence of allergic symptoms prior to
meta-analysis substantially affected our results. We observed
strong correspondences between the unstratified and stratified
analyses (Figure S1), and therefore primarily report on the
unstratified results as a simpler main analysis with slightly
improved power.

Analysis of genetic variants previously associated with
asthma

To test whether the population-based cohorts and the
phenotype of self-reported doctor-diagnosed asthma could be
used to detect associations, we analyzed thirteen SNPs in nine
genomic loci that had shown genome-wide significant associations
in previously published GWA studies of European ancestry
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individuals. Encouragingly, the APCAT results (Table 2) are
directionally consistently for all thirteen SNPs, and nominally
replicate (one-tailed P<<0.05) ten of these thirteen SNPs. We were
unable to assess the PYHINI variant reported as associated with
asthma in African-Americans [18] as this variant is monomorphic
in European populations. For variants discovered in Japanese
individuals [19,27], it is harder to interpret replication in our
samples because of differences in LD. Nevertheless, we examined
the associations in APCAT for the reported lead SNPs and
additional SNPs in LD in the HapMap JPT sample. For two out of
the four loci, the associations showed directional consistency, with
one association nominally replicated (rs1701704 in IKJF4,
p=0.00132, sce Table S2).

We also examined three SNPs where previous evidence was
strongly suggestive (P<5x1077 for association with asthma) but
not genome-wide significant (Table 2), and one of them,
rs11071559 in RORA, is strongly supported in our data (Reported
P= 1.1x1077; Pypcar =0.0031). The combined evidence of
association at RORA (P=2.4x10"°%) now surpasses the genome-
wide significance threshold, and therefore rs11071559 represents a
new genome-wide significant association with asthma. We note
that the RORA locus is 6.4 Mb away from a known asthma variant
(rs744910 near SMAD3), but these two loci are independent,
because there is low linkage disequilibrium between these two
variants (pairwise linkage disequilibrium, °=0.01 in HapMap
CEU panel) and because the association estimates for these two
variants are virtually unchanged when conditioned on each other
(Table S3).

Search for novel asthma risk loci in APCAT

Having established the validity and utility of our population-
based studies, we next examined the results of a genome-wide
meta-analysis of the studies within APCAT (Figure $2), with the
goal of identifying novel associations with asthma. An inspection of
the quantile-quantile plots (Figure S2) and the low genomic
inflation factor (A = 1.01) of the meta-analyses indicate that there is
little evidence of confounding by population stratification or other
technical artifacts.

To test whether some of the top results from the APCAT
analysis could represent valid associations with asthma, we
considered the most strongly associated 14 SNPs from indepen-
dent loci within the APCAT results (Stage/ in Table 3). We
obtained i silico replication data for 14 top SNPs from several
additional studies of asthma, including two population based
cohorts. These replication studies consisted of the 1958 British
Birth Cohort (B58C), Australian Asthma Genetics Consortium
(AAGC), the second survey of the European Community
Respiratory Health Survey (ECRHS2) and the European
Prospective Investigation of Cancer in Norfolk (EPIC-Norfolk)
(Table S1). The results from the replication studies (Stage2) and a
meta-analysis of these results with the APCAT data (Stage I +
Stage 2) are summarized in Table 3.

The most strongly replicated SNP is rs13408661 near the
ILIRLI and IL18RI genes, with the combined P value reaching
genome-wide  significance  (Psger = 3.9><10_6; Psiagea
=3.2x10"7; Psjager+sugez = 1.1x1077%; Figure 1). This SNP lies
approximately 31.1 kb from rs3771166 (pairwise r*=0.157)
identified by GABRIEL [17] and 2.6 kb from rs1420101
(*=0.053) identified by an earlier study [16] as genetic risk
factors for asthma. Conditioning rs13408661 on either rs3771166
or rs1420101 did not substantially reduce the signal of association
in APCAT (Table S3), implying that rs13408661 represents a
different signal of association at this locus. Interestingly, a previous
study focusing on previously reported risk loci for asthma in a
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subsample of the Australian samples in this report [8] had also
suggested that an association with rs10197862, which is tightly
correlated with rs13408661 (* = 0.932), was independent of other
associated variants in the region. Quite recently, a study of
ethnically diverse sample of Americans [18] identified a genome-
wide significant association at rs3771180/rs10173081, which are
also tightly correlated with rs13408661 (*=0.907 and 1).
Therefore, the combined data, including our conditional analyses,
indicate that rs13408661 truly represents an additional genome-
wide significant signal of association with asthma at this locus.

Our second strongest signal is at 159268516 (Pspagel
1.2x10775 Psuges =1.0x107%  Psugerssmger = L1x107%
Figure 2) in the HLA region on Chromosome 6, approximately
246 kb away from the 159273349 variant (> = 0.324) identified by
GABRIEL [17]. Conditional analysis (Table S3) indicates that
the association at rs9273349 cannot completely explain the
association at rs9268516, suggesting either the presence of multiple
signals at this locus or the presence of a third variant (partially
correlated with both rs9273349 and rs9268516) that explains the
association at both of these variants.

None of the other variants had compelling evidence of
replication in our Stage2? data (Table 3), although rs7861480 near
IENE showed a trend in the same direction (P=0.064). We also
examined the evidence for association of these 14 SNPs or their
proxies in the GABRIEL data (estimates downloaded from http://
www.cng.fr/gabriel/results.html), excluding B58C and ECRHS
(which participated in Stage? of the APCAT study) and the
occupational asthma cohorts. Consistent with our Stage? results, we
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Table 2. Results in APCAT for SNPs at loci with strong previously published evidence of association with asthma.
Loci with previous genome-wide significant associations to asthma (P<5x10" %)
Reported APCAT APCAT+Reported
Effect
Gene in region® SNP Study® Allele® OR (95% CI) Pvalue OR (95% CI) Pvalue® OR (95% Cl) P value®
GSDMA, GSDMB, ORMDL3 rs3894194 1 A 117 (1.11,1.23) 4.6E-09 1.11 (1.04,1.18) 2.3E-03 115 (1.10,1.19)  1.4E-10
rs2305480 1 A 0.85 (0.81,0.90) 9.6E-08 0.94 (0.87,1.01) 4.1E-02 0.89 (0.84,0.93) 1.6E-07
rs7216389 2 T 1.18 (1.1 1,1.25)f 8.5E-08" 1.11 (1.04,1.19) 2.1E-03 1.15 (1.11,1.20)  2.6E-09
IL33 rs3939286 3 T 1.12 (1.07, 1.17) 5.3E-06 1.18 (1.10,1.26) 4.8E-05 1.13 (1.09,1.18)  3.6E-09
rs1342326 1 C 1.20 (1.13,1.28) 9.2E-10 1.18 (1.09,1.28) 2.5E-04 1.2 (1.15,1.25) 2.0E-12
HLA-DQ rs9273349 1 C 1.18 (1.13,1.24) 7.0E-14 1.22 (1.07,1.38)9 5.6E-039 1.19 (1.14,1.23) 2.8E-15
IL18R1, ILTRLT rs3771166 1 A 0.87 (0.83,0.91) 3.4E-09 0.89 (0.82,0.97) 2.4E-03 0.88 (0.84,0.92) 7.0E-11
rs1420101 3 T 1.16 (1.11, 1.21) 5.5E-12 1.16 (1.08,1.23) 9.9E-05 1.16 (1.12,1.20)  4.9E-15
SMAD3 rs744910 1 A 0.89 (0.86,0.92) 3.9E-09 0.92 (0.85,1.00) 1.7E-02 0.90 (0.86,0.93) 5.7E-10
IL2RB rs2284033 1 A 0.89 (0.86,0.93) 1.2E-08 0.98 (0.91,1.06) 3.1E-01 0.91 (0.88,0.95)  1.4E-07
IL13 rs1295686' 1 C 0.87 (0.83,0.92) 1.4E-07 0.90 (0.82,0.98) 5.4E-03 0.88 (0.84,0.92)  5.9E-09
DENND1B rs2786098 4 T 0.70 (0.63,0.78) 3.9E-11 0.93 (0.89,1.02) 5.8E-02 0.83 (0.76,0.90) 4.7E-08
PDE4D rs1588265 5 G 0.85 (0.87,0.93) 2.5E-08 0.96 (0.85,1.06) 20E-01" 087 (0.82,0.92) 1.1E-07
Loci with previous suggestive associations to asthma (P<5x1077)
RORA rs11071559 1 T 0.85 (0.80,0.90) 1.1E-07 0.86 (0.75,0.97) 3.1E-03 0.85 (0.80,0.91) 2.4E-09
RAD50 rs2244012 6 G 1.64 (1.36,1.97) 3.0E-07 1.05 (0.96,1.14) 1.3E-01 1.14 (1.06,1.22) 1.5E-03
SLC22A5 rs2073643 1 C 0.90 (0.87,0.94) 2.2E-07 0.96 (0.88,1.04) 1.6E-01 0.91 (0.88,0.95) 3.9E-07
2Gene shown is nearest gene to associated SNP. SNPs from the same locus are grouped together. PReferences: 1=Moffatt et al. (2010) [17]; 2 = Moffatt et al. (2007) [7];
3=Gudbjartsson et al. (2009) [16]; 4=Sleiman et al (2010) [13]; 5=Himes et al (2009) [12]; 6 =Li et al. (2010) [22]. “Alleles are indexed to the forward strand of NCBI
build36. APCAT P values are one-tailed with respect to the direction of the original association. °P values are from fixed-effect inverse-variance model of meta analysis.
fResults shown are from Moffatt et al (2010), which is the larger and more recent study. ¢ SNP rs9273349 is present in NFBC1966 data set only. "Results exclude the
Framingham Heart Study, which contributed to the original report in Himes et al (2009) 'Shown here are the random effects P value in Gabriel data, the P value for fixed
effects model had a genome wide significance P value of 1.4E-08 with no evidence of heterogeneity.
doi:10.1371/journal.pone.0044008.t002

saw directionally consistent evidence of association at rs13408661
(P=7.0x10"% in the ILIRLI/ILI8RIocus and 159268516 in the
HIA region (P=0.069); rs7861480 near /FNE showed directional
consistency but was not significantly associated with asthma in
GABRIEL (P=0.19).

We also estimated the variance explained in the APCAT by the
most strongly associated SNP at each of the previously reported
loci. Under a liability threshold [28], and assuming a prevalence of
9% (the prevalence in APCAT), these SNPs together explain
~1.6% of the population variance in asthma risk (Table S4). Of
course, additional variance is explained by multiple signals at each
locus (such as at ILIRL1/IL18R1and HLA regions), variants at
additional loci (such as at RORA), and variants yet to be
discovered by additional genetic studies.

Search for interactions with smoking and allergic status
in APCAT

To our knowledge, there has been no genome-wide search for
gene-environment interactions with smoking status or allergic
status, two important modifiers for risk of developing asthma. We
scanned ~2.2 million SNPs for gene-environment effects for
smoking exposure in APCAT by comparing, for each SNP, the
estimated association statistics with asthma in current smokers to
the estimates in never smokers. The strongest evidence for
interaction with smoking status did not reach genome-wide
significance [estimated pooled odds ratio for interaction between
rs1007026 (nearest genes are MOCS1 and DAAM?2) and smoking
status  =1.89; 95% confidence interval 1.43 to 2.49,
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Figure 1. Regional association and forest plots for rs13408661 in the /L7RL1/IL18R1 locus. For the regional plot, the lead SNP is indicated
by a purple diamond, and the degree of linkage disequilibrium (%) of other SNPs in the region to the lead SNP is indicated by the color scale. Genes
are shown below, and estimated recombination rate is indicated by the blue lines. Note that the regional plot is based on Stage1 (pooled) estimates
only. For the forest plot, the estimated odds ratio and 95% confidence interval for each individual study is shown by the boxes (scaled to sample size)
and lines; pooled estimates and 95% confidence intervals are indicated by diamonds.
doi:10.1371/journal.pone.0044008.9001
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P=8.6x10"° Figure $3]. Similarly, we scanned for interactions
with allergic status in APCAT by comparing, for each SNP, the
estimated association statistics for asthma in individuals with hay
fever (the most commonly available measure of allergic risk factors
in the APCAT studies) to the estimates in individuals without hay
fever. The locus with the strongest evidence of interaction with
allergic status did not reach genome-wide significance either
[estimated pooled odds ratio for interaction between rs17136561
(located in SLC22A23 which overlaps with PSMG4 and
TUBB2B) and hay fever status =1.64; 95% confidence interval
1.33 t0 2.02, P=2.3x10~°% Figure $3]. We did not pursue either
of these loci further.

We also investigated whether the associations of the previously
known or suggestive loci, and the signals emerging from this paper
(rs13408661 near the ILIRLI/ILI8RI genes and rs9268516 in the
HLA region), differed in association by smoking or allergic status.
The direction of association for asthma in the never smokers and
also in non-allergic individuals (i.e. the healthy subgroups) were
generally consistent with the unstratified analysis, but with weaker
signals as expected with reduced sample sizes (Table S5). A
formal test for heterogeneity between smoking strata indicated no
significant differences. Similarly, there was no significant hetero-
geneity for the allergic strata except possibly for rs2284033 in
IL2RB  (Pheierogencity 0.038), where opposite directions of
assoclation with asthma were observed in the two allergic strata,
and for rs11071559 in RORA (Pyeierogenciy = 0.059) where the
signal for asthma association appears to be seen predominantly in
the allergic individuals.

Materials and Methods

Participants and Studies

Cases and controls for the discovery study were drawn from six
population-based studies of individuals of European ancestry:
FINRISK [29], Framingham Heart Study [30], Health 2000 [31],
Helsinki Birth Cohort [32], Northern Finland Birth Cohort of
1966 [33] and Young IFinns Study [34]. All cohorts were
genotyped using commercially available genotyping arrays and
SNPs which passed QC filters were used to impute up to
2.5 million SNPs using HapMap CEU as the reference. Partic-
ipants for the i silico replication were drawn from the 1958 British
Birth Cohort (B58C) [7], the Australian Asthma Genetics
Consortium (AAGC) [35], European Community Respiratory
Health Survey followup (ECRHS) [36] and EPIC-Norfolk [37].
Study characteristics are given in Table 1 and Supplementary
Methods; genotyping and imputation details are given in
Table S1. The most strongly associated SNPs from APCAT
were checked for validity after re-analysis of data from the
GABRIEL (A Multidisciplinary Study to Identify the Genetic and
Environmental Causes of Asthma in the European Community)
study [17] (excluding B58C, ECRHS2 and cohorts with occupa-
tional asthma) made available at www.cng.fr/gabriel (Table 3).

Phenotype definition and stratification

Cases were defined as individuals who had given an affirmative
questionnaire response to the question “Have you ever been
diagnosed with asthma?” (exact wording varied among question-
naires — see Supplementary Methods). The remaining subjects
served as healthy controls if they did not affirmatively respond to
any of the following: self-reported asthma without a physician
diagnosis, chronic obstructive pulmonary disease, emphysema,
chronic bronchitis, chronic cough associated with wheeze, other
lung disease, or FEV| <70% of predicted. Individuals with reports
of chronic obstructive pulmonary disease, emphysema, chronic
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bronchitis, or other lung diseases were also excluded from the
cases.

We also conducted two stratified analyses of asthma: smoking-
stratified and allergy-stratified. Allergic status was defined using an
affirmative response to the question “Have you ever had hay fever
or other allergic nasal symptoms?” (exact wording varied among
questionnaires), as this was the most uniformly available informa-
tion on allergy in APCAT. Participants were divided into three
smoking categories: never smokers, ex-smokers if smoked regularly
more than a year ago or current smokers if currently smoking or
smoked regularly in past year.

Statistical analyses

The association statistic for each SNP oriented towards the
forward strand and was calculated assuming an additive genetic
model adjusting for sex, ancestry-informative principal compo-
nents, and (in non-birth cohorts) for age. In the family-based
Framingham Heart Study, the association analysis was done
controlling for family structure using the GWAF package in R
[38]. The data for FINRISK, Health 2000, the Helsinki Birth
Cohort, and the Young Finns Study were analyzed together with
an adjustment term for cohort. The data from this combined
dataset along with data from the Framingham Heart Study and
the Northern Finland Birth Cohort of 1966 were meta-analyzed
and verified using the fixed effect inverse-variance method
implemented in METAL [39] and R. Genomic control was
applied at the individual study level as well as in meta-analysis
stage. Approximately 2.2 million SNPs with imputation quality
(info) >0.30 and minor allele frequency (MAF) >5% were
analyzed.

SNP selection for in silico replication

We selected a locus (defined as a region 500 kb wide) for further
follow-up if it either contained a single SNP with P<10~° or
multiple SNPs with P<107°. The “sentinel SNP” was defined as
the SNP with the most significant P value and was included in the
replication list.

Discussion

We completed a genome-wide association study of a simple
asthma phenotype — self-report of ever having been diagnosed by a
physician with asthma — from 18,604 participants from six
population-based studies comprising the APCAT consortium.
We performed follow-up analyses of the top signals from APCAT
in 15,286 additional individuals. These results provided strong
evidence for an additional associated variant in the //L4 region, a
known asthma locus, and confirmed recent reports of multiple
associations at the ILIRLI/ILI8R locus. We also examined the
evidence for association in APCAT of SNPs with previous
genome-wide or suggestive evidence of asthma, and show that
the results from our population-based studies validate and in one
case newly establish genome-wide significant associations with
asthma. Finally, we found no evidence of genes modifying the
relation between smoking and asthma or the relationship between
hay fever and asthma.

The present study has several strengths. First, it demonstrates
the usefulness of a large untapped resource to complement genetic
studies of asthma: population-based studies with genome-wide
genotype data and a simple asthma phenotype: self-reported
information on doctor-diagnosed asthma. We also present the first
comprehensive search for genetic interactions with smoking status
and with hay fever, two important modifiers of asthma develop-
ment. Finally, we provide evidence for new genome-wide
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significant associations with asthma: one novel signal where there
was prior suggestive evidence of association (RORA), one
independent novel signal at a previously associated locus (the
HIA region), and one previously associated locus where we
demonstrate multiple independent signals (/L/RL1/ILI8RI).

It is important to recognize some limitations of this present
study. First, the constituent studies in APCAT studies have limited
information on asthma, such as age of asthma onset or severity of
symptoms, which prevents a more detailed investigation of
assoclated loci. Second, although controls were carefully selected
to exclude individuals with other respiratory diseases or abnor-
malities on spirometry (see methods) that may share pleiotropic
risk alleles with asthma, the choice of controls in population-based
cohorts is potentially subject to misclassification bias due to the
inclusion of undiagnosed cases among the controls. We note that
this problem is common to many study designs for diseases with
variable age at onset such as asthma, but does not prevent the
identification of new disease markers. Third, the power to detect
novel associations in population based studies is restricted by the
low prevalence of disease (our prevalence was ~9%) compared to
a case-control study of an equivalent total sample size and an equal
number of cases to controls. However, we note that the large
number of additional available population-based studies similar to
the ones in APCAT still represent a large untapped pool of
genotyped cases. Fourth, we only examined SNPs with frequencies
above 5%, so have not tested rarer variants for association to
asthma. Finally, the use of self-reported diagnosis of asthma in the
APCAT cohorts, even though it was doctor-diagnosed, may also
have led to misclassification within cases.

Despite these limitations, we were able to independently
validate 10 of 13 SNPs previously reported as being associated
for asthma through GWA studies, which indicates that population-
based studies with simple asthma phenotypes can indeed
complement ongoing genetic studies in asthma. For most (but
not all) of these variants, the estimated effect sizes in APCAT are
smaller than reported, which could be due to the “winner’s curse”
phenomenon [40], slightly greater misclassification in our cohorts,
or other differences between this study and previous reports.
However, the fact that most of the APCAT odds ratios fall within
the 95% confidence intervals of the original reports and the p-
values typically becomes more significant when combined with the
APCAT data suggests that the power gained by adding
population-based studies still outweigh the effects of any misclas-
sification there may be. When the reported estimates are
combined with our data, the variant rs11071559 in RORA reaches
genomewide significance. In the subsequent analysis, the associ-
ation in RORA was perhaps more strongly associated with asthma
in individuals with hay fever. This gene belongs to a subfamily of
nuclear orphan receptors suggested to negatively regulate inflam-
matory response [41]. Interestingly, RORA deficient mice have
diminished capacity to mediate allergic inflammatory response
[41,42,43]. A recent paper found that RORA is critical for the
development of nuocytes, which are part of the innate immune
response and contribute to asthma response, in mice [44] Another
recent study that looked at asthma candidate genes found that
RORA is differentially expressed during lung development in both
mouse and human [45].

By analyzing the results of meta-analysis of APCAT studies, we
identified and successfully replicated associations of rs13408661 in
the ILIRLI/ILI8RI region and of rs9268516 in the HLA region;
the association with rs13408661 is in agreement with recent
findings [8,18]. These two loci had originally been reported to
contain other strongly associated variants [16,17], which we now
show are distinct from the ones we identify. Observing multiple
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signals at a locus could either be due to multiple true causal
variants, as seen in genetic studies for height and other polygenic
traits [22,46], or due to a single causal variant that is not well
tagged by either signal. While fine mapping of data in these
regions would be required to resolve this problem conclusively, we
note that the variants we identified were only modestly correlated
with published variants and remain significant even after
conditioning on known risk variants. Thus, our data provide two
genome-wide significant signals of association at known loci that
are distinct from the first variants originally reported to be
associated with asthma at genome-wide significance, and in one
case (HLA) is not accounted for by the known associations.

Finally, we present the first comprehensive search for genetic
interactions with smoking status and with hay fever, two
potentially important modifiers of asthma development. In our
studies, we found no convincing evidence for SNPs that interacted
with either smoking or hay fever. A larger meta-analysis would be
required to confirm the absence or existence of such gene-
environment effects for asthma.

In conclusion, these results strongly suggest that GWA studies of
population-based cohorts with simple asthma phenotypes are an
effective approach to find novel asthma-associated variants,
replicate signals identified in other studies, and provide estimates
that are representative of the demography and disease spectrum.
Such cohorts are an untapped resource that can be utilized to
complement genetic studies of asthma. We anticipate that many
more population-based studies could be leveraged to assist with
discovery of asthma susceptibility loci, which could potentially lead
to more effective or targeted therapies and preventions.

Supporting Information

Figure S1 Correlation between unstratified analysis
and smoking or allergic-status stratified analyses.

(TTF)

Figure S2 Quantile-quanitle plot and Manhattan plot
for meta-analyses of asthma (basic unstratified analy-
sis) in APCAT. The shaded area in the quantile-quantile plot
shows the 95% confidence intervals.

(TIF)

Figure S3 Manhattan plot for interaction effect for
smoking exposure and for allergic status and a graph-
ical depiction of the odds ratios for the best signals.
(TIF)

Supplementary Methods S1 Supplementary Methods
and Materials.

(DOCX)

Table S1 Genotyping platform, calling algorithm, im-
putation details and software used in Stage 1 and Stage 2
studies.

(DOCX)

Table S2 Loci with previous genome-wide significant
associations to asthma (P<5x10 %) in Japanese popula-
tions.

(DOCX)

Table S3 Conditional analysis on novel signals in
APCAT.
(DOCX)

Table S4 Variance explained by the GWAs hits under a
liability threshold model.
DOCX)
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Table 85 Stratified association analysis of previously
published SNPs and two novel loci emerging from this
paper.

DOCX)
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SUPPLEMENTARY METHODS

Genome-wide association studies of asthmain population-based cohorts confirm known

and suggested loci and identify an additional association in the HL A region

Stage 1 — Brief study description, funding acknowledgement and phenotype definition

FINRISK STUDY

Description: A population survey of risk factors for chronic diseasesin Finland. The survey has
been executed every five years from 1972 using independent, random and representative
population samples from five geographical areas of the country. Participants have filled in a
health-rel ated questionnaire and undergone a physical examination including measurement of

anthropometric traits and blood draw (E1).

Funding: Mainly funded by the Finnish National Institute for Health and Welfare with additional
financial support from the Academy of Finland (grant number 129494, 139635), the Finnish
Foundation for Cardiovascular Research, and the Sigrid Juselius Foundation. Participants were
genotyped as part of the COROGENE (Genetic Predisposition of Coronary Heart Diseasein
Patients Verified with Coronary Angiogram) (E2) and M1Gen (Myocardia Infarction Genetics

Consortium) (E3) efforts.

Asthma status: For the FINRISK 1992 cohort, individuals who have answered “YES” to the
question “Have you had any of the following diseases diagnosed or treated by a doctor during
the past year (last 12 months)?: Asthma of the lungs”. were considered to have asthma. For the

FINRISK 1997, 2002 and 2007 cohorts, information about asthma was based on the following
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question: “Have you ever been diagnosed with asthma?”” Participants responding “YES” were
considered to have asthma. In al FINRISK surveys the rest of the participants served as controls
if their age was less than or equal to 70 years and they did not report pulmonary emphysema, or

chronic bronchitis during the last 12 months.

Smoking status. Participants were considered as never smokersiif they answered “NO” to the
guestion “Have you ever smoked?”” and as ex smokersif they had quit smoking at |east a month
ago. Current smokers were participants who smoked regularly at the time of the survey or had

been smoking regularly less than 1 month ago.

Allergy status. Information about allergy was based on the question ““Have you ever had hay
fever of other allergic nasal symptoms?”” Participants responding “YES, during the last 12

months”, and those responding “YES, over a year ago” were considered to have allergy.

Framingham Heart Study (FHS)

Description: Began in 1948 by recruiting an Original Cohort of 5,209 men and women between
the ages of 30 and 62 from the town of Framingham, Massachusetts, who had not yet devel oped
overt symptoms of cardiovascular disease or suffered a heart attack or stroke (E4). Since that
time the study has added an Offspring Cohort of 5,124 individualsin 1971 and a Third
Generation Cohort of 4,095 individualsin 2002 (E5, 6). The Offspring Cohort is made up of the
offspring of the members of the Original Cohort and their spouses, and the Third Generation
Cohort is made up of the children of the Offspring cohort. Individualsin the FHS had exams
every two years consisting of a detailed medical history, physical examination, and laboratory
tests. We used data from the exam questions described below for the purposes of determining

asthma cases and controls and to determine smoking and allergy statuses.
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Funding: Supported by the National Heart, Lung and Blood Institute's Framingham Heart Study
(Contract No. NO1-HC-25195) and its contract with Affymetrix, Inc for genotyping services
(Contract No. NO2-HL-6-4278). A portion of this research utilized the Linux Cluster for Genetic
Analysis (LinGA-I1) funded by the Robert Dawson Evans Endowment of the Department of

Medicine at Boston University School of Medicine and Boston Medical Center.

Asthma status: For the Original Cohort, data from Exams 1 and 5 were used. Individuals who
answered “yes” to any asthma question were coded as asthma cases (“yes” to “bronchial asthma,
alone” or “allergy and asthma, together” at Exam 1 or “asthma, onset before age 16,” “asthma,
onset age 16 or after,” or “asthma, age of onset unknown” at Exam 5). Individuals with a
response of “yes” to the question “lifetime history of chronic pulmonary disease” at Exam 2
were excluded from both cases and controls. All remaining individuals were coded as asthma
controls. For the Offspring Cohort, data from Exams 2 and 7 were used. Individuals who
answered “yes” to any asthma question were coded as asthma cases (“yes” to “asthma” at Exam
2 or “yes, new” or “yes, old” to “have you had asthma in the interim?” at Exam 7). Individuals
with a response of “yes” to “chronic obstructive lung disease” or “chronic bronchitis” at Exam 2
were excluded from both cases and controls. Individuals with a response of “yes, now” or “yes,
not now” to “non-cardiovascular medications: bronchodilators and aerosols” were excluded from
the controls. All remaining individuals were coded as asthma controls. For the Third Generation
Cohort, individuals who answered “yes” to “asthma: was it diagnosed by a doctor or other health
professional?” were coded as asthma cases. Individuals who answered “no” to both “asthma: was
it diagnosed by a doctor or other health professional?” and “have you ever had asthma?” were
coded as asthma controls. Individuals who answered “yes” to any of the following questions

were excluded from both the cases and controls: “have you ever had COPD?,” “have you ever
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had pulmonary fibrosis?,” “have you ever had chronic bronchitis?,” “have you ever had

emphysema?.”

Smoking status: For the Original Cohort, data from Exam 5 were used. Current smokers
answered “smokes now” to the question “history of smoking, present habit.” Former smokers
answered “does not smoke now, but smoked formerly,” and never smokers answered “never
smoked.” For the Offspring Cohort, data from Exams 1, 2, and 7 were used. Current smokers
answered “yes” to “smoked cigarettes regularly in last year” (Exam 7) or “smoking now” (Exam
2). Former smokers answered “no” to “smoked cigarettes regularly in last year” (Exam 7) and
“yes” to “ever smoked regularly” (Exam 2) or “smoked at least 1 year” (Exam 1). Never smokers
answered “no” to “ever smoked” or “ever smoked regularly” (Exam 2). For the Third Generation
Cohort, current smokers answered “yes” to “if ever smoked cigarettes regularly: do you now
smoke?.” Former smokers answered “yes” to “have you ever smoked cigarettes regularly?”” and
no” to “if ever smoked cigarettes regularly: do you now smoke?.” Never smokers answered

“no” to “have you ever smoked cigarettes regularly?.”

Allergy status: For the Original Cohort, data from Exam 1 were used. Individuals who answered
“allergy, alone” or “allergy and asthma, together” to “history of allergy or asthma” were
classified as alergy cases. For the Offspring Cohort, no allergy data were available. For the
Third Generation Cohort, individuals who answered “yes” to “have you ever had hay fever

(allergy involving the nose and/or eyes)?” were classified as allergy cases.

Health 2000 Study
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Description: The study was conducted in 2000 (E7) and included home interview, several
guestionnaires, laboratory and anthropometrical measurements, spirometry with bronchodilator
test and clinical examination of a physician. The data were completed by record linkage with the
National Hospital Discharge Register and the National Social Insurance Institutions register data

on reimbursement of asthma medication.

Funding: The study was mainly funded by the Finnish National Institute for Health and Welfare.
H2000 participants were genotyped as part of the HDL extremes study (E8) and the Sanger
Institute/Wellcome Trust efforts for GENMETS (Genetic Background and Molecular

Pathogenesis of Metabolic Syndrome and Its component Risk Factor Traits).

Asthma status: Information about asthma was based on the following question: ““Has a doctor
ever diagnosed you with one of the following illnesses?”” One of the listed illnesses was asthma
and those who responded “YES” were considered to have asthma. The rest of the participants
were taken as controls if their age was less than or equal to 70 years and they never had had

chronic bronchitis.

Smoking status: Information about smoking was taken from a question with five alternatives: (1)

| smoke daily; (2) | smoke occasionally; (3) | have quit smoking 1-12 months ago; (4) | have quit
smoking more than a year ago; (5) | have never smoked. Participants choosing alternatives 1 or 2
were considered as current smokers; those choosing 3 or 4 were considered as ex-smokers; and

those choosing 5 were considered as never smokers.

Allergy status. Information about allergy was based on responses under the subheading: ““Other

diseases diagnosed by a doctor”. One of the alternatives gives was ““allergy, rhinitis; for
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example hay fever or other allergic rhinitis” Those responding “YES” to this item were

considered as having allergy.

Helsinki Birth Cohort Study (HBCYS)
Description: The study includes 8760 subjects born in Helsinki between 1934 and 1944.

Between 2001 and 2004, a representative subset of 928 males and 1075 females participated in a
clinical study focusing upon cardiovascular and metabolic outcomes and cognitive functions
(E9). Information on asthma, smoking and alcohol intake is available from questionnaires for
2003 individuals who participated in the clinical study. Information on hospitalization due to
alcohol abuse is available from the National Hospital Discharge Register. Psychological
guestionnaires have been used to assess personality characteristics including data on impulsivity.
GWAS has been done on these individuals participating in the clinical study (n~2000) at the

mean age of ~62 years.

Funding: Financia support was received from the Academy of Finland, Samfundet Folkh&l san,
Finnish Diabetes Research Foundation, Finska L akaresallskapet, Finnish Foundation for
Cardiovascular Research; Y rj6 Jahnsson Foundation, Foundation Liv och Hasa and Academy of

Finland (grants number 129287 and134839).

Asthma status: Information about asthma was based on the following question: ““Have you ever
had any of the following illnesses diagnosed or treated by a doctor?”” One of the listed illnesses
was ““Asthma of the lungs™ and those responding “YES” to this item were considered as having

asthma. Those participants who responded to the same question as having emphysema or chronic
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133 bronchitis were excluded and the others were taken as controls. All participants were less than 70

134  yearsof age.

135  Smoking status: Information about smoking was taken from a question with three alternatives:
136 (1) | smoke daily; (2) | smoke occasionally; (3) | have never smoked. Participants choosing
137  aternatives 1 were considered as current smokers; those choosing 2 were considered as ex-

138  smokers; and those choosing 3 were considered as never smokers.

139  Allergy status. Information about allergy was based on the following question: ““Do you have
140  following allergic symptoms? Nasal allergy, hay fever, stuffy nose” Participants responding

141 “YES” were considered as having allergy.

142
143 Northern Finland Birth Cohort of 1966 (NFBC1966)

144  Description: Thisis a prospective follow-up study of 12,058 live births from the two

145  northernmost provinces of Finland, Oulu and Lapland, and cover 96% of the children bornin
146  that region between January 1 and December 31, 1966. In 1997, at age 30 years, 8463 survivors
147  till living in Northern Finland or in the capital areareceived a postal questionnaire and

148  invitation to clinical examinationsincluding DNA sample (71% participated) (E10, 11). Please

149  see http://kelo.oulu.fi/NFBC/ for more details about the study. Informed consent for the use of
150 thedataincluding DNA was obtained from all subjects. The study was approved by the ethics
151  committeesin Oulu (Finland) and Oxford (UK) universities in accordance with the Declaration

152  of Helsinki.

153  Funding: Financial support from the Academy of Finland (project grants 104781, 1114194,

154 120315 and Center of Excellencein Complex Disease Genetics), Oulu University Hospital,
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Biocenter Oulu, University of Oulu, Finland, the European Commission (EURO-BLCS,
Framework 5 award QLG1-CT-2000-01643), NHLBI grant 5SR01HL087679-02 through the
STAMPEED program (1IRL1IMH083268-01), ENGAGE project and grant agreement HEALTH-
F4-2007-201413, and the Medical Research Council (studentship grant G0O500539). We thank
Professor Paula Rantakallio (launch of NFBC1966 and 1986), Ms Outi Tornwall and Ms Minttu
Jussila (DNA biobanking). DNA extractions, sample quality controls, biobank up-keeping and
aliquotting was performed in the Nationa Institute for Health and Welfare, Biomedicum
Helsinki, Finland and supported financially by the Academy of Finland and Biocentrum

Helsinki.

Asthma status: We defined asthmatic cases as those who answered yes to BOTH conditions
which are parts of Question 31 of the main questionnaire administered in 1997 when participants
were aged 31 years: 1) “have you ever asthma during the last 12 months or more than a year
ago?” and 2) “hasthis been verified or treated by doctor?”” The remaining individuals served as
healthy controls if they did not have any of the following conditions: self-reported asthma but
not verified or treated by doctor diagnosis (n=196); individuals with FEV 1 less than 70% of
predicted for sex and height (n=19); individuals who reported they ever had emphysema, chronic

bronchitis, pulmonary bronchial (n=211) or doctor-diagnosed chronic cough (n=402).

Smoking status: First we defined the never/ever smoking status by Question 79 ““Have you ever
smoked in your life?”” of 31-year questionnaire. Among the Ever smokers, we distinguish the
Current Smokersif they answered said that they smoke on at |east one day per week to Question
82 ““Do you smoke nowadays?”’. We excluded 43 ever smokers whom we could not distinguish if

they were current or ex-smokers.
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Allergy status. We defined an individual as dlergic if they answered yes for either having hay
fever or alergic rhinitis during the last 12 months or more than a year ago in Question 31 of

main questionnaire.

Young Finns Study (YFS)

Description: Thisisalongitudinal population study sample on the evolution of cardiovascular
risk factors from childhood to adulthood (E12). The first cross-sectional survey was conducted in
1980 in five Finnish university cities and included 3,596 participants who were in the age groups
of 3,6, 9, 12, 15, and 18 years and were randomly chosen from the national popul ation register;
equal ratios of males and females were selected in each age group. In 2007, 2204 subjects now

aged 30 to 45 years participated in the latest follow-up study.

Funding: Financialy supported by the Academy of Finland (grant numbers 126925, 121584, and
124282); the Social Insurance Institution of Finland; Kuopio, Tampere, and Turku University
Hospital Medical Funds; the Juho Vainio Foundation; the Paavo Nurmi Foundation; the Tampere
Tuberculosis Foundation; the Finnish Foundation of Cardiovascular Research; and the Finnish

Cultural Foundation.

Asthma status: Information about asthma was based on afollowing question: ““Do you have at
the moment or have you had a long-term illness, handicap or injury diagnosed by a doctor?”
Those responding “YES” and specifying among the given alternatives “Asthma of the
lungs”were considered as having asthma. The rest of the participants were taken as controls,
except those who reported having chronic bronchitis. All Y FS participants were less than 70

years of age.
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Smoking status: Information about smoking was based on a question with 5 response alternatives
asfollows: (1) | smoke once aday or more often than once aday; (2) | smoke once aweek or
more often than once aweek but not daily; (3) | smoke less often than once aweek; (4) | have
stopped smoking; (5) | have never smoked. Participants choosing any of the alternatives 1-3
were taken as current smokers; those choosing the alternative 4 were taken as ex-smokers and

those choosing the alternative 5 were taken as never smokers.

Allergy status. Information about allergy was based on the same question as above, i.e., “Do
you have at the moment or have you had a long-termillness, handicap or injury diagnosed by a
doctor?”’Those responding “YES”and specifying among the given alternatives ““Allergic rhinitis,

for example hay fever’were taken as having alergy.
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Stage 2 — Brief study description, funding acknowledgement and phenotype definition

1958 British Birth Cohort (B58C)

Description: Thisis anationwide British birth cohort including participants born in a particular
week of 1958. Details of the BS8C biomedical follow-up at age 44.5 have been previously
reported and afull technical report is available online

(http://www.b58cgene.sgul .ac.uk/report.php).

Funding: The phenotype and genotype data are from the British 1958 Birth Cohort DNA
collection, funded by the Medical Research Council grant GO000934 and the Wellcome Trust
grant 068545/Z/02. Genotyping for the B5S8C-WTCCC subset was funded by the Wellcome
Trust grant 076113/B/04/Z (E13). The B58C-T1DGC genotyping utilized resources provided by
the Type 1 Diabetes Genetics Consortium (E14), a collaborative clinical study sponsored by the
National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), National Institute of
Allergy and Infectious Diseases (NIAID), National Human Genome Research Institute
(NHGRI), National Institute of Child Health and Human Development (NICHD), and Juvenile
Diabetes Research Foundation International (JDRF) and supported by U01 DK 062418. B58C-
T1DGC GWAS data were deposited by the Diabetes and Inflammation Laboratory, Cambridge
Institute for Medical Research (CIMR), University of Cambridge, which is funded by Juvenile
Diabetes Research Foundation International, the Wellcome Trust and the National Institute for
Health Research Cambridge Biomedical Research Centre; the CIMR isin receipt of aWellcome
Trust Strategic Award (079895). Genotyping for the B58C-GABRIEL and for ECRHS was
supported by a contract from the European Commission as part of GABRIEL (A
multidisciplinary study to identify the genetic and environmental causes of asthmain the

European Community) contract number 018996 under the Integrated Program LSH-2004-1.2.5-1
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Post genomic approaches to understand the molecular basis of asthmaaming at a preventive or

therapeutic control and grants from the French Ministry of Research (E15).

Asthma status: Asthmais defined as self-reported ever at either age 33 or age 42 via
administered interviews. Healthy controls exclude any history of asthma, wheezing or wheezing
bronchitis as reported in the interviews at age 7, 11, 16 and 23, plus exclusions for bronchitis at

age 42 and FEV 1 less than 70% predicted for sex and height at age 42.

Australian asthma genetics consortium (AAGC)

We carried out a GWAS in 2,110 physician-diagnosed asthmatics and 3,857 controls of
European ancestry from Australia. Participants were drawn from two cohorts that are described
in detail elsewhere (Ferreiraet a., in press): the Australian Asthma Genetics Consortium
(AAGC) cohort (n=1,810) and the Queensland Institute of Medical Research (QIMR) GWAS
cohort (n=4,157). Amongst the 2,110 asthmatic cases, 759 (36%) were diagnosed through
clinical examination and 1,351 (64%) reported a lifetime doctor diagnosis of asthmain
epidemiological questionnaires. With respect to disease onset, 1,269 (60%) subjects were
classified has having childhood asthma (defined by an age-of-onset at or before age 16), 515
(24%) subjects with later onset asthma (age-of-onset after the age of 16) and 326 (16%) with
unknown age-of-onset. Fifty-eight percent of asthmatics were atopic, as defined by a positive
skin prick test (SPT) response to at least one common allergen; 68% had at |east one first-degree

relative with asthma; and 36% reported lifetime smoking.

The 3,857 controls included 2,030 (52.6%) individuals who were classified as asthma-free based

on clinical examination (3.0%) or epidemiological questionnaires (49.6%). The remaining 1,827
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(47.4%) individuals provided no information about their asthma status and were included in the
analysis as controls to improve power. SPT information and lifetime smoking status was
unavailable for most controls. Overall, the mean age of participants was 34 years (sd=16.2, range
210 92) and 45.2% were males. This dataset does not include 1,230 samples from the Busselton

cohort analysed in the GABRIEL study.

Australian Asthma Genetics Consortium collaborators: Svetlana Baltic', Mark Jenkins®, Dale
R. Nyholt®, Catherine Hayden*, Patrick Danoy®, Faang Cheah*, John L. Hopper?, Stephen R.
Leeder®, Haydn Walters’, Graham Jones®, Désirée Mészéros’, Mary Roberts'®, Melissa C.
Southey™, Euan R. Tovey™, Loren Price', Margaret J. Wright®, Scott D. Gordon®, Li P. Chung’,
Anjai K. Henders®, Graham Giles™, Paul S. Thomas™*, Suzanna Temple', John B. Whitfield®,
lan Feather™®, Stephen Morrison®®, Chalermchai Mitrpant®, Warwick J. Britton’, David John?,

Andrew S. Kemp™®

! Lung Institute of WA and Centre for Asthma, Allergy and Respiratory Research, University of
WA, Perth, Australia.

2 Centre for Molecular, Environmental, Genetic and Analytic Epidemiology, University of
Melbourne, Melbourne, Australia.

3 The Queensland Institute of Medical Research, Brisbane, Australia.

* School of Paediatrics and Child Health, Princess Margaret Hospital for Children, Perth,
Austraia.

® University of Queensland Diamantina Institute, Princess Alexandra Hospital, Brisbane,
Austraia.

® Australian Health Policy Institute, University of Sydney, Sydney, Australia

" Menzies Research Institute, Hobart, Australia.

8 University of Western Sydney, Penrith, Australia

¥ Menzies Research Institute, Hobart, Australia.

19 Department of Respiratory Medicine, Royal Children's Hospital, Parkville, Austraia
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! Department of Pathology, The University of Melbourne, Melbourne, Australia.

12 \Woolcock Institute of Medical Research, University of Sydney, Sydney, Australia
13 Cancer Epidemiology Centre, The Cancer Council Victoria, Melbourne, Austraia
“ Faculty of Medicine, University of New South Wales, Sydney, Australia

1> Gold Coast Hospital, Southport, Australia.

18 University of Queensland, Brisbane, Australia.

17 Centenary Institute and University of Sydney, Camperdown, Austraia

'8 The Children's Hospital, Westmead, Sydney, Austraia.

European Community Respiratory Health Survey (ECRHYS)

Description: Thisisamulticentre, mainly European, population based survey carried out in
1990s (E16) with afollow-up starting in 1998 (E17). Questionnaire information is based on
information collected through interviewer administered questionnaire (forms available at

http://www.ecrhs.org/). Participants were aged 20 — 48 (mean of 34) at the first survey and 28 —

56 (mean age 43) at the second survey. Samples were genotyped as part of the GABRIEL
consortium (E15) and were collected at the follow-up and were mainly European participants

and included an enrichment of asthma cases.

Funding: The co-ordination of follow-up of was supported by the European Commission, as part
of their Quality of Life programme. The following bodies funded the local studiesin ECRHS II:
Albacete: Fondo de Investigaciones Santarias (FIS) (grant code: 97/0035-01, 99/0034-01 and
99/0034-02), Hospital Universitario de Albacete, Consgeria de Sanidad; Barcelona: SEPAR,
Public Health Service (grant code: RO1 HL62633-01), Fondo de Investigaciones Santarias (FIS)
(grant code: 97/0035-01, 99/0034-01 and 99/0034-02) CIRIT (grant code: 1999SGR 00241) Red
Respira ISCIl; CIBER Epidemiologia y Salud Publica (CIBERESP), Spain Basel: Swiss

National Science Foundation, Swiss Federa Office for Education & Science, Swiss National
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Accident Insurance Fund (SUVA), USC NIEHS Center grant 5P30 ES07048; Bergen:
Norwegian Research Council, Norwegian Asthma & Allergy Association (NAAF), Glaxo
Wellcome AS, Norway Research Fund; Erfurt: GSF-National Research Centre for Environment
& Hedth, Deutsche Forschungsgemeinschaft (DFG) (grant code FR 1526/1-1); Galdakao:
Basque Heath Dept; Grenoble: Programme Hospitalier de Recherche Clinique-DRC de
Grenoble 2000 no. 2610, Ministry of Health, Direction de la Recherche Clinique, CHU de
Grenoble, Ministere de I'Emploi et de la Solidarite, Direction Generale de la Sante, Comite des
Maladies Respiratoires de I’lsere; Hamburg: GSF-National Reasearch Centre for Environment
& Hedth, Deutsche Forschungsgemeinschaft (DFG) (grant code MA 711/4-1); Ipswich and
Norwich: Asthma UK (formerly known as Nationa Asthma Campaign); Huelva: Fondo de
Investigaciones Santarias (FIS) (grant code: 97/0035-01, 99/0034-01 and 99/0034-02); Oviedo:
Fondo de Investigaciones Santarias (FIS) (grant code: 97/0035-01, 99/0034-01 and 99/0034-02) ;
Paris: Ministere de I'Emploi et de la Solidarite, Direction Generale de la Sante, UCB-Pharma
(France), Aventis (France), Glaxo France, Programme Hospitalier de Recherche Clinique-DRC
de Grenoble 2000 no. 2610, Ministry of Health, Direction de la Recherche Clinique, CHU de
Grenoble; Tartu: Estonian Science Foundation; Umed: Swedish Heart Lung Foundation,
Swedish Foundation for Health Care Sciences & Allergy Research, Swedish Asthma & Allergy
Foundation, Swedish Cancer & Allergy Foundation; Uppsala: Swedish Heart Lung Foundation,
Swedish Foundation for Health Care Sciences & Allergy Research, Swedish Asthma & Allergy
Foundation, Swedish Cancer & Allergy Foundation; Financial support for ECRHSI for centres
in ECRHS Il was provided by: Ministéere de la Santé, Glaxo France, Insitut Pneumologique
d'Aquitaine, Contrat de Plan Etat-Région Languedoc-Rousillon, CNMATS, CNMRT (90MR/10,

91AF/6), Ministre delegué de la santé, RNSP, France; GSF, and the Bundesminister fir
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Forschung und Technologie, Bonn, Germany; Norwegian Research Council project no.
101422/310; Ministero Sanidad y Consumo FIS (grants #91/0016060/00E-05E and #93/0393),
and grants from Hospital General de Albacete, Hospita General Juan Ramoén Jiménenz,
Consgeria de Sanidad Principado de Asturias, Spain; The Swedish Medical Research Council,
the Swedish Heart Lung Foundation, the Swedish Association against Asthma and Allergy;
Swiss National Science Foundation grant 4026-28099; National Asthma Campaign, British Lung

Foundation, Department of Health, South Thames Regional Health Authority, UK.

Asthma status: We define asthmatic cases if they responded positively to BOTH of the following
guestions: 1) ever had asthmaat first survey (Question 13) or second survey (Question 14) and 2)
if it was verified by doctor diagnosis in second survey (Question 14 part 1). The remaining
individuals served as healthy controlsif they did not have any of the following conditions: self-
reported asthma without doctor diagnosis (n=36); reported ever having wheeze in second survey

(n=285); FEV 1 less than 70% predicted for age, sex and height (n=10).

European Prospective I nvestigation of Cancer, Norfolk (EPIC-Norfolk)

Description: EPIC-Norfolk is part of the large multi-centre Europe-wide EPIC programme
looking at the connection between diet and cancer (E18). There are over 30,000 participants aged
45 - 70 at recruitment who lived in Norwich and the surrounding towns and rural areas. They
have been contributing information about their diet, lifestyle and health through questionnaires,
and through health checks carried out by EPIC nurses. In 2006, a GWAS for obesity was carried
out on 3,867 individuals (E19). A case-cohort design was used in which the subcohort (N=2,566)

was a random sample of the cohort at baseline and cases were part of the remaining individuals
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with avalue of BMI being 30 kg/m?or greater (N=1,301). Unlike controls in the commonly used
case-control design, the subcohort was an unselected population sample allowing for avariety of

traits to be investigated.

Funding: Supported by research programme grant funding from the Cancer Research Campaign
and the Medical Research Council, with additional support from Stroke Association, British
Heart Foundation, Department of Health, Europe Against Cancer Programme Commission of the

European Union, the Food Standards Agency and the Wellcome Trust.

Asthma status: Asthmatics were defined as a positive response to the question "Has the doctor
ever told you that you have asthma?" which was asked at baseline survey. The remaining
individuals served as healthy controls unless they had bronchitis or FEV1 < 70% predicted for

age, height and sex.
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Table S1: Genotyping platform, calling agorithm, imputation details and software used in Stage 1 and Stage 2 studies.

QC filtersapplied before imputation

Genotype-

Calling Subject | - SNP SNP No of SNPs Imputation HapM ap; phenotype A for

Study name GWAS platform . call call SNP MAF after ’ o asthma

algorithm HWE o Software CEU ver. association .

rate rate filtering analysis
software
Stage 1: GWAsfor discovery
FINRISK — CoroGene ”'”m'esnl"‘(‘)"gﬁgda””ap Beadstudio | 095 | 095 | 1e6 001 | 554,988 MACH 1.0.16 | 36:22
FINRISK — MIGen Afg’erggéﬁf'o Birdseed 095 | 095 | 1e6 0.01 727478 | MACH1.0.16 | 36:22
Health 2000 — GeneMets ”'”m'esnl"‘(‘)"gﬁgda””ap lluminus 095 | 095 | 1e6 0.01 555,388 Mach 1.0.10 36,22 PLINK v1.07 10178
Health 2000 — HDL llumina 370k lluminus 095 | 095 | 1e6 0.01 339,416 Mach 1.0.16 36,22
Helsinki Birth Cohort I1lumina 670 Quad [Hluminus 0.95 0.95 le-6 0.01 546,814 Mach 1.0.16 36;22
Y oung Finns Study C”Stom'"g?gﬁ Mumina |\ minus | 090 | 095 | 1e6 0.01 546,677 | MACH1.0.16 | 36;22
Framingham Heart Study Affymetrix 500K BRLMM 097 | 095 | 1e6 0.01 413905 | MACH1016 | 3622 | GEEmoddinR |, 0 40
package GWAF
Northern Finland Birth lllumina 370K Beadstudio | none | 095 | le4 0.01 328,007 | IMPUTEV1O0 | 35 21 QUICKTEST 1.0122
Cohort 1966 v0.94
Stage 2: in-silico replication
i 0,
Australian AshmaG.C, | 'Numina3l0K (22%) | g oo | 098 | 095 | 1le6 0.01 ~610K IMPUTE 1000G PLINK v1.07 NA
I1lumina 610K (72%)

B58C — WTCCC Affymetrix 500K CHIAMO 0.98 No No No 490,033 | IMPUTEO020 | 3521
B58C - TIDGC lllumina 550K ILLUMINUS | 0.8 No No No 520,010 | MACH1.0.13 | 3521 | ProbABEL v0.0-7 | NA
B58C - GABRIEL lllumina Quad 610 GenCall No 097 | 1e4 0.05 582,892 MACH 1.0 36; 22
ECRHS lllumina Quad 610 GenCall No 097 | 1e4 0.05 582,892 MACH 1.0 36,22 | ProbABEL v0.0-7 | NA
EPIC obese cases Affymetrix 500K BRLMM 094 | 090 | 1e6 0.01 397,438 | IMPUTE0.3.1 | 3521 SNPTEST 1.1.5 NA
EPIC population based Affymetrix 500K BRLMM 094 | 090 | 1e6 0.01 397,438 | IMPUTE0.3.1 | 3521 SNPTEST 1.1.5 NA




Table S2: Loci with previous genome-wide significant associations to asthma (P < 5x10°®) in Japanese populations

Reported APCAT
Risk SNPs examined Risk
L a b in APCAT © d
Generegion SNP Allde Freq OR (95% CI) P value Allele OR_95% _CI P value
rs7686660 T 0.97(0.89,1.05) | 8.00E-01
rs4485768 G 0.97(0.89,1.04) | 8.08E-01
USP38-GAB1 | rs7686660 T 0.27 | 1.16(1.11-1.21) | 1.87E-12 rs10015501 G 0.97(0.89,1.05) | 7.61E-01
rs13126430 A 0.98(0.90,1.05) | 7.47E-01
rs13151714 G 0.97(0.89,1.05) | 7.67E-01
HLA region
(NOTCH4) rs404860 A 05 | 1.21(1.16-1.25) | 4.07E-23 rs404860 A 0.94(0.83,1.05) | 8.65E-01
Al Geglar rs987870 C 0.17 | 1.33(1.20-1.47) 2.3E-10 rs987870 C 0.92(0.79,1.05) | 8.84E-01
(HLA-DPB1) ' R ' o '

rs1701704 G 1.13(1.05,1.21) | 1.32E-03

rs773108 G 1.13(1.05,1.21) | 1.09E-03

773114 T -

IKZF4 rs1701704 G 0.18 | 1.19(1.14-1.25) | 2.33E-13 s 112(104119) | 203E:03
rs2292239 G 1.12(1.04,1.2) | 3.43E-03

rs11171739 C 1.10(1.03,1.18) | 5.83E-03

rs2069408 G 1.08 (1.00,1.16) | 2.91E-02

rs10508372 C 1.08(0.94,1.23) | 1.40E-01

GATA3/TAF3 | rs10508372 C 0.43 | 1.16(1.12-1.21) | 1.79E-23 rs10905491 T 1.16 (0.93,1.40) | 8.99E-01
rs10905488 T 1.08 (0.94,1.23) | 8.60E-01

3Gene shown is nearest gene to associated SNP. SNPs from the same locus are grouped together and shaded in the same color. "All SNPs are from Hirota et al. (2011) (E20)
except for rs987870, which is from Noguchi et al. (2011) (E21). °All SNPsin LD with r? > 0.8 with the reported SNP in the Hapmap JPT reference panel were collected, and
a “clumped” set of SNPs was generated (only one SNP from a pair within 100 kb and pairwise r* > 0.8in HapMap CEU). The association resultsin APCAT are reported for
the most strongly associated SNPsin each clump, for each locus. “APCAT P values are one-tailed with respect to the direction of the risk-increasing allele in the original
report.



Table S3: Conditional analysis on novel signalsin APCAT

ILIRL1/IL18R1
SNP1 =rs13408661 (APCAT signal) & coded dleleis G
SNP2 = rs3771166 (GABRIEL signal) (E15) & coded aleleis G
Distance=31,140 bases and r’=0.157

Frequency of coded allele of SNP1
Frequency of coded allele of SNP2
SNP1 + covs
SNP2 + covs
SNP1 conditional on SNP2 + covs
SNP2 conditional on SNP1 + covs

1.18 (0.99, 1.40); p=6.3e-2
1.04 (0.91, 1.17); p=5.8e-1
1.21 (0.99, 1.47); p=6.3e-2
0.97 (0.83, 1.11); p=6.3e-1

1.31 (111, 1.54); p=1.5e-3
1.10 (0.98, 1.24); p=1.1e-1
1.31(1.08, 1.59); p=5.7e-3
0.99 (0.86, 1.14); p=8.8e-1

FINRISK, H2000, HBC, YFS FraminghamHS NFBC66
83.59% 83.92% 83.69%
58.97% 62.67% 57.87%

1.49 (1.17, 1.88); p=1.0e-3
1.29 (1.10, 1.52); p=1.5e-3
1.33(1.01, 1.74); p=4.3e-2
1.17 (0.97, 1.40); p=9.9e-2

pooled

83.81%

60.02%
1.29(1.18,1.4);p=3.84E-06
1.12(1.04,1.19);p=4.7E-03
1.27(1.15,1.4);p=1.23E-04
1.02(0.93,1.11);p=6.9E-01

ILIRL1/IL18R1

SNP1 =rs13408661 (APCAT signal) & coded dleleis G
SNP2 = rs1420101(Gudbjartsson et a.) (E22) & coded alleleis T
Distance=2,634 bases and r’=0.053

Frequency of coded allele of SNP1
Frequency of coded allele of SNP2
SNP1 + covs
SNP2 + covs
SNP1 conditional on SNP2 + covs
SNP2 conditional on SNP1 + covs

FINRISK, H2000, HBC, YFS

83.59%
31.95%
1.18 (0.9, 1.40); p=6.3e-2
1.13 (1.00, 1.26); p=7.1e-1
1.14 (0.96, 1.32); p=1.6e-1
1.09 (0.96, 1.23); p=1.9e-1

FraminghamHS

83.92%

39.03%
1.31(1.11, 1.54); p=1.5e-3
1.14(1.02, 1.25); p=3.2e-1
1.27 (1.09, 1.44); p=7.7e-3
1.08 (0.96, 1.20); p=2.2e-1

NFBC66
83.69%
31.95%

1.49 (1.17, 1.88); p=1.0e-3
1.24 (1.09 1.40); p=6.5¢-3
1.40 (1.15, 1.64); p=7.83e-3
1.16 (0.99, 1.32); p=7.8e-2

pooled

83.81%

34.45%
1.29(1.18,1.4); p=3.84E-06
1.16(1.08,1.23);p=2.0E-04
1.24(1.13,1.35);p=1.5E-04
1.10(1.02,1.18);p=1.5E-02




HLA region

SNP1=rs9268516 (APCAT signal) & coded adleleisT
SNP2 = rs9272346 (proxy for GABRIEL rs9273349 with r>=1) & coded aleleis G

Distance=224,883 bases and Rsquared=0.336

Frequency of coded allele of SNP1

Frequency of coded allele of SNP2
SNP1 + covs
SNP2 + covs
SNP1 conditional on SNP2 + covs
SNP2 conditional on SNP1 + covs

FINRISK, H2000, HBC, YFS
20.76%

48.26%
1.24 (1.07, 1.43); p=3.6e-3
0.83 (0.73, 0.94); p=2.6e-3
1.16 (0.99, 1.35); p=6.66-2
0.87 (0.76, 0.99); p=4.0e-2

FraminghamHS
27.25%

39.94%
1.30 (1.14, 1.48); p=5.4e-5
0.91(0.78, 1.05); p=2.1e-1
1.24 (1.08, 1.42); p=2.1e-3
0.91 (0.78, 1.05); p=2.1e-1

NFBC66
22.46%

51.28%
1.22 (1.01, 1.46); p=3.56-2
0.82( 0.7, 0.96); p=1.2e-2
1.12 (0.91, 1.37); p=2.8e-1
0.85 (0.72, 1.02); p=7.8e-2

Pooled
23.92%

46.27%
1.26(1.17,1.35);p=1.256E-07
0.83(0.74,0.91);p=2.92E-06
1.19(1.09,1.28); p=3E-04
0.88(0.79,0.97);p=3.42E-03

RORA/SMAD3 region

SNP1 =rs11071559 (in RORA) & coded alleleis T
SNP2 =rs744910 (in SMAD3) & coded alleleis G

Distance=6,376,797

Frequency of coded allele of SNP1
Frequency of coded allele of SNP2
SNP1 + covs
SNP2 + covs
SNP1 conditional on SNP2 + covs
SNP2 conditional on SNP1 + covs

FINRISK, H2000, HBC, YFS
15.53%
50.81%
0.86 (0.72, 1.03); p=9.7e-2
1.12 (1.00, 1.27); p=5.8e-2
0.86 (0.72, 1.03); p=9.8e-2
1.12 (1.00, 1.27); p=5.8e-2

FraminghamHS
13.53%
48.52%
0.89 (0.75, 1.06); p=1.8e-1
1.06 (0.95, 1.19); p=3.0e-1
0.89 (0.75, 1.06); p=2.0e-1
1.06 (0.95,1.17);p=3.0e-1

NFBC66

16.07%

52.21%
0.81 (0.65, 1.01); p=6.1e-2
1.06 (0.91, 1.24); p=4.5e-1
0.81 (0.65, 1.01); p=5.6e-2
1.07 (0.92, 1.24); p=4.0e-1

pooled
14.86%
49.76%
0.86(0.75,0.97); p=6.29E-03
1.08(1.01,1.16);p=3.3E-02
0.86(0.75,0.97); p=6.09E-03
1.1(1.01,1.2);p=4.5E-02




Table $S4: Variance explained by the GWASs hits under aliability threshold model.

. OddsRatioin . . Used for calculating the

LOCUS SNP allde Frequency in APCAT APCAT Variance Explained total 9
GSDMA rs3894194 A 0.4234 1.110 0.137% yes
GSDMB rs2305480 A 0.4822 0.940 0.048% no
ORMDL3 rs7216389 T 0.4729 1.110 0.139% yes

L33 rs3939286 T 0.2511 1.180 0.267% yes

L33 rs1342326 C 0.1662 1.180 0.197% no
HLA-DQ rs9273349 C 0.5005 1.220 0.511% yes
ILIRL1 rs1420101 T 0.3493 1.160 0.259% yes
IL18R1 rs3771166 A 0.3977 0.890 0.164% no
SMAD3 rs744910 A 0.4976 0.920 0.088% yes
IL2RB rs2284033 A 0.4741 0.980 0.005% yes

IL13 rs1295686I C 0.6938 0.900 0.119% yes
DENND1B rs2786098 T 0.2054 0.930 0.043% yes
PDE4D rs1588265 G 0.3035 0.960 0.018% yes

Total Variance Explained 1.586%

The variance explained was calculated using aliability threshold model by So et al (Genetic Epidemiology, 2011) assuming an asthma
prevalence of 9% (the prevalencein APCAT). Only the best SNP from each locusis used to calculate the total variance explained.



Table S5: Stratified association analysis of previously published SNPs and two novel loci emerging from this paper.

SNP (Gene)

rs3894194 (GSDMA)
rs2305480 (GSDMB)
rs7216389 (ORMDL3)
rs3939286 (IL33)
rs1342326 (1L33)
rs9273349% (HLA-DQ)
rs3771166 (IL18R1)
rs1420101 (IL1RL1)
rs744910 (SMAD3)
rs11071559 (RORA)
rs2284033 (IL2RB)
rs1295686 (1L 13)
rs2244012 (RAD50)
rs2073643 (SLC22A5)

rs2786098 (DENND1B)

chr (position)

17 (35375519)

17 (35315722)

17 (35323475)
9 (6200099)
9 (6180076)

6 (32733847)

2 (102352654)

2 (102324148)
15 (65233839)
15 (58857280)
22 (35863980)
5 (132023742)
5 (131929124)
5 (131751187)

1 (195592531)

Effect/
Other
Allele

A/G

A/G

T/C

T/IC

CIA

CIT

AlG

TIC

AlG

TIC

AlG

CIT

G/IA

CIT

TIG

Effect
alele
freg.
41.7%
51.0%
46.6%
25.1%
16.4%
50.1%
60.1%
34.4%
50.6%
85.0%
51.9%
30.5%
23.3%

52.8%

79.8%

No Stratification

1.11 (1.03, 1.19);

p=2.4e-03
0.94 (0.87,1.01);
p=4.1E-02
1.11 (1.04,1.19);
p=2.1E-03
1.18 (1.10,1.26);
p=4.8E-05
1.18 (1.09,1.28);
p=2.5E-04
1.22 (1.07,1.398);
p=5.6E-03
0.89 (0.82,0.97);
p=2.5E-03
1.16 (1.08,1.23);
p=9.9E-04
0.92 (0.85,1.00);
p=1.7E-02
0.86 (0.75,0.97);
p=3.1E-03
0.98 (0.91,1.06);
p=3.1E-01
0.90 (0.82,0.98);
p=5.4E-03
1.05 (0.96,1.14);
p=1.3E-01
0.96 (0.88,1.04);
p=1.6E-01
0.93 (0.89,1.02);
p=5.8E-02

in Never Smokers

1.10(0.99,1.22);
p=4.10E-02
1.00 (0.89,1.11)
p=5.10E-01
1.06 (0.94,1.18);
p=1.60E-01
1.18 (1.05,1.31);
p=6.40E-03
1.22 (1.07,1.37);
p=5.40E-03
1.12 (0.87,1.37);
p=1.90E-03
0.96 (0.84,1.07);
p=2.20E-01
1.09 (0.98,1.21);
p=6.70E-02
0.97 (0.86,1.07);
p=2.60E-01
0.9 (0.74,1.07);
p=1.1E-01
0.96 (0.84,1.07);
p=2.40E-01
0.91 (0.78,1.03);
p=6.30E-02
0.95 (0.81,1.08);
p=2.06E-01
0.98 (0.86,1.1);
p=3.50E-01
1.01 (0.88,1.14);
p=5.60E-01

in Ex-smokers

Previously reported asthma risk variants

1.15 (1.03,1.27);
p=1.3E-02
0.87 (0.75,0.99);
p=1.3E-02
1.20 (1.08,1.33);
p=2.1E-03
1.10 (0.95,1.25);
p=1.0E-01
1.05 (0.88,1.22);
p=2.9E-01
1.34 (1.06,1.62);
p=2.0E-01
0.87 (0.75,1);
p=1.8E-02
1.14 (1.01,1.27);
p=2.6E-02
0.89 (0.76,1.02);
p=3.5E-02
0.91 (0.73,1.09);
p=1.4E-02
0.98 (0.85,1.11);
p=3.7E-01
0.87 (0.72,1.02);
p=3.0E-02
1.08 (0.93,1.22);
p=1.7E-01
0.94 (0.81,1.07);
p=1.7E-01
0.9 (0.74,1.06);
p=9.1E-02

Smoking stratified analysis

in Current
Smokers

1.04 (0.89,1.2);
p=2.99E-01
0.92 (0.77,1.07);
p=1.34-01
1.10 (0.94,1.26);
p=1.19E-01
1.33 (1.16,1.5);
p=4.66E-04
1.33(1.14,1.53);
p=1.99E-03
1.19 (0.91,1.48);
p=1.14E-01
0.82 (0.67,0.97);
p=4.50E-03
1.32 (1.17,1.46);
p=1.28E-04
0.93 (0.78,1.08);
p=1.68E-01
0.77 (0.54,0.99);
p=1.13E-02
1.06 (0.9,1.21);
p=7.56E-01
0.97 (0.79,1.14);
p=3.46E-01
1.04 (0.86,1.22);
p=3.40E-01
0.97 (0.82,1.13);
p=3.70E-01
0.88 (0.7,1.07);
p=9.48E-02

Heteroge
neity p-
value

0.623

0.242

0.340

0.242

0.175

0.637

0.262

0.136

0.619

0.463

0.608

0.658

0.958

0.892

0.385

Allergic status stratified analysis

in Non-allergic
Individuals

1.07 (0.93,1.21);
p=1.84E-01
1.01 (0.87,1.15);
p=5.72E-01
1.05(0.9,1.2);
p=2.73E-01
1.27 (1.11,1.43);
p=1.43E-03
1.33(1.15,1.52);
p=1.20E-03
1.25 (0.92,1.58);
p=9.11E-02
0.82 (0.67,0.97);
p=4.26E-03
1.18 (1.03,1.33);
p=1.43E-02
0.98 (0.84,1.11);
p=3.63E-01
1.00 (0.81,1.2);
p=5.17E-01
0.91 (0.78,1.05);
p=1.01E-01
0.88 (0.72,1.03);
p=5.20E-02
1.08 (0.91,1.25);
p=1.86E-01
0.89 (0.74,1.05);
p=7.47E-02
0.95 (0.77,1.12);
p=2.65E-01

in Allergic
Individuals

1.12 (1.02,1.22);
p=1.16E-02
0.90 (0.8,1.0);
p=1.99E-02
1.17 (1.06,1.27);
p=1.53E-03
1.20 (1.09,1.32);
p=7.75E-04
1.15 (1.02,1.29);
p=2.00E-02
1.30 (1.11,1.49);
p=3.31E-03
0.95 (0.84,1.06);
p=1.85E-01
113 (1.02,1.23);
p=1.16E-02
0.96 (0.86,1.06);
p=2.24E-01
0.79 (0.64,0.94);
p=1.24E-03
1.10 (1.0,1.2);
p=9.62E-01
0.91 (0.80,1.02);
p=5.44E-02
0.99 (0.87,1.11);
p=5.40E-01
0.98 (0.87,1.08);
p=3.23E-01
0.94 (0.81,1.07);
p=1.74E-01

Hetero
geneity
p-value

0.570
0.186
0.245
0.587
0.218
0.853
0.109
0.625
0.877
0.059
0.038
0.694
0.432
0.353

0.962



(s1588265" (PDE4D) 5 (59405551) GIA 7010  0-96(0.85,1.06); 0.84(0.71,097);  098(0.85112);  0.92(0.76,1.09); 0.82(0.66,0.99);  0.94(0.83,1.06);

p=2.0E-01 p=3.60E-03 p=4.1E-01 p=1.72E-01 0.248 p=1.02E-02 p=1.64E-01 0.181

Risk variants emerging from this paper
ML pugvie  oa  omw LZLBLY LBGRUDT IBAGLW LML op,  N0BLO 1008420 o
S HA g Te om RIS AZOWID ABQZLD LSURIO ops  MGULE 1BOLIS o

All the p-values presented in this table are based on one-sided testing except in the no stratification column. 2 SNP rs9273349 is present in
NFBC66 data set only. "Results exclude the Framingham Heart Study, which contributed to the original report in Himes et al (2009) (E23).
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