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Supplementary Material 

Genome-wide interaction study of early-life smoking exposure on time-to-asthma onset in 

childhood. Sugier et al. 

 

MATERIAL AND METHODS 

Study population 

Five independent populations of European-ancestry were part of the present project. There were 

two studies with a family-based structure: the Epidemiological study on the Genetics and 

Environment of Asthma (EGEA) and the Saguenay-Lac-Saint-Jean Familial Collection (SLSJ); 

two population-based cohorts: the European Community Respiratory Health Survey (ECRHS) and 

the GABRIEL Advanced Surveys (GABRIELA); and one birth cohort: the Avon Longitudinal 

Study of Parents and Children (ALSPAC). All studies had available information on age of asthma 

onset, age at last examination and early-life tobacco smoke (ELTS) exposure, and imputed genetic 

data. In the present work, we focused on childhood onset asthma defined as ever asthma with 

disease onset before 16 years of age. Subjects with an older age of asthma onset or missing age of 

onset were excluded from the analyses. We included all non-asthmatic subjects whatever their age 

at their last examination. However, if their age at last examination was greater than 16 yrs, the age 

was censored at 16 yrs of age in the survival analysis model because it was the time of the last 

event for asthmatics (last age of asthma onset). All adult participants and child’s legal guardians 

provided written informed consent. 

After a study-specific quality control process, a total of 8,273 subjects among which 3,187 exposed 

(ELTS+) and 5,086 non-exposed (ELTS-) subjects were included in the present study. 
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All genome-wide association studies were done centrally at INSERM UMR-946 (Paris, France) 

except for ALSPAC for which we had only access to summary statistics. 

 

Sample ascertainment and phenotype definition 

EGEA 

Briefly, the EGEA study is a 20-year longitudinal survey (EGEA1: 1991-1995, EGEA2: 2003-

2007 and EGEA3: 2011-2013) which combines a case-control and a family-based study of asthma 

cases. The whole study population includes 388 families ascertained through at least one asthmatic 

proband recruited in chest clinics (1,705 probands and first-degree relatives) plus 415 population-

based controls (total of 2,120 subjects). All subjects were born in France and were of European 

ancestry. The protocol of this study has been described elsewhere [1-3]. 

Asthma was defined in probands by a positive answer to the following four standardized questions: 

1) “Have you ever had attacks of breathlessness at rest with wheezing?”, 2) “Have you ever had 

asthma attacks?”, 2a) “Was this diagnosis confirmed by a physician?”, and 2b) “Have you had an 

asthma attack in the last 12 months?” or on a positive self-report to two of the before mentioned 

items plus a medical record of asthma. The relatives of probands were defined as asthmatics if they 

answered positively to the items: “Have you ever had attacks of breathlessness at rest with 

wheezing?” or “Have you ever had asthma attacks?” at EGEA1 or EGEA2 or EGEA3. The subjects 

that never had asthma up to their last follow-up were considered as non-asthmatics. For individuals 

who developed asthma, information on asthma age at onset was obtained from adult asthmatics or 

parents of asthmatic children who answered to the following question: “How old were you when 

you had your first asthma attack?” or “How old was your child when he (or she) had his (her) first 

asthma attack?” For non-asthmatic subjects, we considered age at their last examination. Early-life 

tobacco smoke (ELTS) exposure was defined as follows: 1) for a child, by a positive answer to the 
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question asked to the child’s mother (or father): "Did you or the father (mother) of your child smoke 

when your child was less than 2 years old?" and/or “Did you smoke when you were pregnant?”; 2) 

for an adult, by a positive answer to the questions: "Did your mother or your father smoke during 

your early-childhood?", and/or “Did your mother smoke when she was pregnant with you?”. 

Ethical approval was obtained from the relevant institutional review board committees (Cochin 

Port-Royal Hospital and Necker-Enfants Malades Hospital, Paris: n° 01-07-07, 04-05-03, 04-11-

13 and 04-11-18). Written informed consent was signed by all participants. Written informed 

consent was signed by kin or guardians of the minors/children.  

 

SLSJ 

The Saguenay-Lac-Saint-Jean and Quebec City Familial Asthma Collection (SLSJ) consists of a 

French-Canadian founder population panel of 253 multigenerational families from Saguenay-Lac-

Saint-Jean region, ascertained through two asthmatic probands between 1997 and 2002. The SLSJ 

study protocol has been described elsewhere [4]. 

Probands were included in the study if they fulfilled at least two of the following criteria: 1) a 

minimum of three clinic visits for acute asthma within one year; 2) two or more asthma-related 

hospital admissions within one year; or 3) steroid dependency, as defined by either six months of 

oral, or one year of inhaled corticosteroid use. Families were included in the study if at least one 

parent was available for phenotypic assessment, at least one parent was unaffected, and all four 

grandparents were of French-Canadian origin. Members of the family were considered asthmatics 

if a self-reported history of asthma has already been reported and confirmed by a physician, or by 

clinical evaluation after a positive methacholine test (less or equal to 8mg/ml of methacholine). 

Age of asthma onset was obtained from answers to the question: “How old were you when you had 
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your first asthma attack?”. When age of onset was defined below 2 years (in 41 cases), a default 

class of 2 years was adopted to avoid uncertainty. For non-asthmatic subjects, we considered the 

age at the examination. ELTS exposure was defined by a passive smoking exposure before two 

years of age for children or before five years of age for adults. 

The SLSJ study was approved by the ethic committees of the academic Integrated Health and Social 

Services Centres of Saguenay-Lac-Saint-Jean (CIUSSSS) and of UQAC. 

 

ECRHS 

Sixteen centres (eight countries) in the European Community Respiratory Health Survey (ECRHS) 

contributed samples to the GWAS (http://www.ecrhs.org) [5,6]. In each centre, a representative 

community-based sample of at least 3,000 adults aged 20-44 years were invited to complete a brief 

postal questionnaire asking about respiratory symptoms (ECRHS I - Stage 1) between 1991-1993. 

A random sample of these (600 per centre) underwent intensive further investigation (ECRHS I - 

Stage 2 – random sample). Participants who had symptoms highly suggestive of asthma but who 

had not been selected at random to take part in Stage 2, were also invited to undergo intensive 

investigations (ECRHS I - Stage 2- enriched sample). About ten years later all adults who had taken 

part in Stage 2 were re-contacted (ECRHS II) and again asked about respiratory symptoms. 

Samples suitable for DNA extraction were collected. For the GWAS initiative, all cases of asthma 

were identified (participants from the random or enriched sample who said yes to the question: 

“Have you ever had asthma?” at either ECRHS I or ECRHS II) and information on asthma age at 

onset was obtained from age at first asthma attack at ECRHS I or ECRHS II. Controls were a 

random sample (of the random sample) who answered “no” to the same question in both surveys. 

ELTS exposure was defined according to the following questions: “Did your father ever smoke 

regularly during your childhood?”, “Did your mother ever smoke regularly during your childhood, 

http://www.ecrhs.org/
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or before you were born?” (ECRHS I main questionnaire) and/or based on in utero smoke exposure 

defined as any smoking by the mother during pregnancy. 

Ethical approval was obtained from the Hospital del Mar/IMIM ethics committee for ECRHS-

Spain ((ECRHS II Spain) 98/835/I, (ECRHS III Spain) 2009/3500/1). 

 

GABRIELA Advanced Surveys 

The GABRIELA surveys are cross‐sectional population‐based surveys conducted in rural areas of 

Austria, Germany, and Switzerland. In total, 135,359 children aged 6‐12 years were addressed 

through schools. In a first stage in fall/winter 2006, asthma, allergic disease, and contact to farming 

environments were assessed using a short parental questionnaire (n=79,888). In a second stage in 

spring/summer 2007, 9,668 children were selected among families consenting in writing to blood 

sampling, genetic testing and collection of environmental samples by stratified random sampling 

to ensure representation of children with high exposure to farming environments [7,8]. Genomic 

DNA and questionnaire data were available for 7,303 children of whom 862 asthmatic cases and 

865 controls were selected for genotyping. 

An asthmatic case was defined by a parental report of 1) asthma diagnosed by a doctor at least 

once, or 2) asthmatic bronchitis diagnosed at least twice during lifetime. The subjects with no 

reported diagnosis of asthma ever and a diagnosis of asthmatic bronchitis no more than once 

were considered as non-asthmatics. Among asthmatics, the age of disease onset was obtained 

from the following original question: “How old was your child when the first symptoms of 

wheezing or whistling in the chest began? At the age of … years – or - if during the first year: 

At the age of … months”. In non-asthmatics, we considered the age at the examination. ELTS 

exposure was based on the exposure to maternal tobacco smoking at any time during pregnancy. 
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We did not use the information on passive tobacco smoke exposure of the children at the time 

of the survey (i.e current smoking of the father and/or the mother) because it occurred at 9 years 

of age, thus after the mean age of asthma onset (2.9 yrs; supplementary Table 1A). However, 

eighty percent of the children that were exposed to ELTS in utero, were still exposed to second-

hand tobacco at the time of the survey.  

The GABRIELA study was approved by the institutional review boards of the Bavarian Medical 

Association (for Bavaria), Ulm University (for Baden-Württemberg), the cantons Lucerne, Zurich 

and Thurgau (for Switzerland), Medical University of Innsbruck (for Austria), and Medical 

University of Wroclaw (for Poland) and informed consent was obtained from the parents. 

 

ALSPAC 

The Avon Longitudinal Study of Parents and Children (www.bristol.ac.uk/alspac) is a population-

based, longitudinal, birth cohort study that was recruited during pregnancy. Pregnant women 

resident in Avon, United Kingdom with estimated dates of delivery between 1st April 1991 and 

31st December 1992 were recruited through antenatal clinics [9,10]. Of 14,451 women recruited, 

there were 14,072 live births and 13,988 children were alive at age one year. Children were 

followed from birth using self-completion questionnaires sent to their mothers at approximately 

annual intervals and hands‐on assessments at annual dedicated research clinics from age 7 years.  

Asthma was defined as a positive response to at least one of the following questions: 1-“Has a 

doctor ever told you that your child has asthma?” in a questionnaire sent to their mothers at 91 

months after birth (approximately 7½ years), and 2-“Did your child had an asthma attack in the 

last 12 months?” at month 103, 128, 157 and 166. Others with negative complete reports (i.e. 

negative report at all follow-up) were considered as non-asthmatics. However, non-asthmatic 

http://www.bristol.ac.uk/alspac
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children who experienced wheeze or wheezing and whistling before 6yrs of age, were excluded 

from the present analysis. Among asthmatics, age of onset asthma was based on the first declaration 

of whistles. Whistles was defined by a positive response to the question includes in the annual 

questionnaire: “Has your child had wheezing, breathlessness or episodes of stopping breathing in 

past 12 months or since the last questionnaire?”. For non-asthmatics, we considered the follow-up 

period without any missing visit and took their age at the last examination. ELTS exposure was 

defined by: 1) maternal active smoking during pregnancy or 2) post-natal exposure to parental 

smoking (8 months after pregnancy). We used this ELTS exposure definition, so that exposure was 

most likely to occur before asthma onset which was 3.1 years on average. 

Ethical approval for the study was obtained from the ALSPAC Ethics and Law Committee and the 

Local Research Ethics Committees. A list of the ethics committee/institutional review board(s) that 

approved aspects of the study are available at http://www.bristol.ac.uk/alspac/researchers/research-

ethics/. Further details are available in the cohort profile paper (1, 2) and the study website contains 

details of available data through a fully searchable data dictionary: 

http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary/ 
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TABLE S1. Description of the five studies included in the GEWIS of ELTS exposure on time-to-asthma onset in childhood 

Part A. Descriptive statistics of the five datasets 

 

EGEA, the Epidemiological study of the Genetics and Environment of Asthma; SLSJ, the Saguenay-Lac-Saint Jean study; ECRHS, the European Community 

Respiratory Health Survey; GABRIELA, the GABRIEL Advanced Surveys; ALSPAC, the Avon Longitudinal Study of Parents and Children; N, Number; SD, 

Standard Deviation. 

 

Part B. Information on genotyping, quality control (QC) and imputation  

 
EGEA  

(N=1 498) 

SLSJ  

(N=377) 

ECRHS  

(N=1 685) 

GABRIELA  

(N=1 482) 

ALSPAC  

(N=3 231) 

Descriptive statistics           

ELTS+ Asthmatics 
Non-

asthmatics 
Asthmatics 

Non-

asthmatics 
Asthmatics 

Non-

asthmatics 
Asthmatics 

Non-

asthmatics 
Asthmatics 

Non-

asthmatics 

N 297  643  155 73 175 1,008  82 81 330 343 

Sex, men (%) 173 (58.2) 313 (48.7) 70 (45.2) 33 (45.2) 95 (54.3) 491 (48.7) 47 (57.3) 41 (50.6) 197 (59.7) 181 (52.8) 

Asthma age-of-onset in 

years, mean (SD) 
6.1 (4.4) - 5.7 (4.7) - 7.0 (4.8) - 2.9 (2.6) - 3.1 (3.5) - 

           

ELTS- Asthmatics 
Non-

asthmatics 
Asthmatics 

Non-

asthmatics 
Asthmatics 

Non-

asthmatics 
Asthmatics 

Non-

asthmatics 
Asthmatics 

Non-

asthmatics 

N 210 348 90 59 84 418 578 741 873 1,685 

Sex, men (%) 129 (61.4) 170 (48.9) 53 (58.9) 28 (47.5) 45 (53.6) 209 (50.0) 366 (63.3) 386 (52.1) 484 (55.4) 786 (46.6) 

Asthma age-of-onset in 

years, mean (SD) 
5.6 (4.2) - 5.0 (4.1) - 6.9 (4.9) - 2.9 (2.3) - 3.5 (3.7) - 
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EGEA  

(N=1,498) 

SLSJ  

(N=377) 

ECRHS  

(N=1,685) 

GABRIELA  

(N=1,482) 

ALSPAC  

(N=3,231) 

Genotyping      

Genotyping platform  Illumina Human610-Quad Illumina Human610-Quad Illumina Human610-Quad Illumina Human610-Quad Illumina HumanHap550Quad 

Genotyping center 
Centre National de 

Génotypage, Evry, France 

Centre National de 

Génotypage, Evry, France 

Centre National de 

Génotypage, Evry, France 

Centre National de 

Génotypage, Evry, France 

23andMe subcontracting the 

Wellcome Trust Sanger 

Institute, Cambridge, UK, 

and the LabCorp, Burlington, 

North Carolina, US 

Quality Control (QC) 

on individuals      

Call-rate 97% 97% 97% 97% 97% 

Heterozygosity 
Individuals excluded if <0.30 

or >0.33 

Individuals excluded if <0.30 

or >0.33 

Individuals excluded if 

<0.30 or >0.33 

Individuals excluded if <0.30 

or >0.33 

Individuals excluded if 

<0.320 or >0.345 for the 

Sanger data and <0.310 or 

>0.330 for the LabCorp data 

Ethnic outliers PCA based PCA based PCA based PCA based PCA based 

SNP QC filters before 

imputation      

Minor Allele Frequency 

(MAF) 
5% 5% 5% 5% 1% 

Hardy Weinberg 

Equilibrium test P-value 
10-4 10-4 10-4 10-4 5x10-7 

Call-rate 97% 97% 97% 97% 95% 

Imputation - Genome      

Software MACH 1.0 MACH 1.0 MACH 1.0 MACH 1.0 MACH 1.0 

HapMap release Hapmap2 r21 Hapmap2 r21 Hapmap2 r21 Hapmap2 r21 Hapmap2 r22 

SNP QC filters rsq ≥ 0.5 & MAF ≥ 1% rsq ≥ 0.5 & MAF ≥ 1% rsq ≥ 0.5 & MAF ≥ 1% rsq ≥ 0.5 & MAF ≥ 1% rsq ≥ 0.5 & MAF ≥ 1% 
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TABLE S2. SNPs showing suggestive evidence of interaction (P ≤ 5x10-6) with ELTS exposure on time-to-asthma onset in childhood 

CHR SNP 

Position 

(kb, 

build 

37) 

Closest gene 

(distance of 

SNP to gene in 

kb) 

E/R  EAF 

SNP x ELTS interactiona 
SNP effect in subjects 

exposed to ELTS 

SNP effect in subjects  

non-exposed to ELTS 

HRInt [95% CI] 
2-sided 

P 
HRELTS+ [95% CI] 

2-sided 

P 
HRELTS- [95% CI] 

2-sided 

P 

2p22 rs232542 38 328 CYP1B1 (25) C/T 0.69 1.33[1.18-1.50] 4.1x10-6 1.18[1.07-1.30] 7.0x10-4 0.89[0.82-0.96] 1.7x10-3 

2p22 rs232540 38 329 CYP1B1 (25) C/T 0.69 1.33[1.18-1.50] 4.8x10-6 1.18[1.07-1.30] 7.5x10-4 0.89[0.82-0.96] 2.0x10-3 

2p22 rs151313 38 332 CYP1B1 (25) T/A 0.69 1.33[1.18-1.50] 5.0x10-6 1.18[1.07-1.30] 7.8x10-4 0.89[0.82-0.96] 2.0x10-3 

2p22 rs232535 38 332 CYP1B1 (25) C/T 0.69 1.33[1.18-1.50] 5.0x10-6 1.18[1.07-1.30] 7.9x10-4 0.89[0.82-0.96] 2.0x10-3 

13q21 rs17742723 70 635 KLHL1 (0) T/A 0.14 1.54[1.30-1.82] 6.7x10-7 1.35[1.20-1.54] 1.6x10-6 0.89[0.79-0.99] 3.9x10-2 

13q21 rs1372284 70 639 KLHL1 (0) G/A 0.14 1.47[1.25-1.72] 3.9x10-6 1.32[1.16-1.49] 1.3x10-5 0.90[0.81-1.00] 4.7x10-2 

13q21 rs2439614 70 641 KLHL1 (0) C/T 0.13 1.53[1.30-1.80] 4.0x10-7 1.34[1.19-1.52] 2.9x10-6 0.88[0.79-0.98] 1.9x10-2 

13q21 rs7334050 70 645 KLHL1 (0) G/T 0.14 1.58[1.34-1.86] 4.3x10-8 1.34[1.19-1.52] 2.6x10-6 0.85[0.76-0.95] 3.2x10-3 

13q21 rs9542173 70 646 KLHL1 (0) T/C 0.13 1.56[1.32-1.85] 1.3x10-7 1.35[1.19-1.52] 1.9x10-6 0.86[0.78-0.96] 1.0x10-2 

13q21 rs299526 70 655 KLHL1 (0) C/T 0.13 1.49[1.27-1.76] 1.6x10-6 1.33[1.17-1.50] 8.7x10-6 0.89[0.80-0.99] 2.9x10-2 

14q22 rs7493885 51 317 NIN (20) G/T 0.27 1.37[1.20-1.56] 2.9x10-6 1.16[1.05-1.29] 2.7x10-3 0.85[0.78-0.93] 2.5x10-4 

14q22 rs1951474 51 317 NIN (20) T/A 0.27 1.37[1.20-1.56] 3.1x10-6 1.16[1.05-1.28] 2.6x10-3 0.85[0.78-0.93] 2.8x10-4 

14q22 rs8020067 51 318 NIN (19) G/C 0.27 1.37[1.20-1.56] 3.1x10-6 1.16[1.05-1.28] 2.6x10-3 0.85[0.78-0.93] 2.8x10-4 

20p12 rs187097 14 911 MACROD2 (0) C/G 0.58 1.31[1.17-1.48] 5.4x10-6 1.15[1.05-1.26] 2.8x10-3 0.88[0.82-0.94] 3.9x10-4 

20p12 rs13037508 14 928 MACROD2 (0) A/T 0.63 1.48[1.27-1.72] 4.9x10-7 1.20[1.06-1.35] 3.6x10-3 0.81[0.74-0.89] 7.9x10-6 

CHR, chromosome; SNP, single nucleotide polymorphism; E, effect allele / R, Reference allele; EAF, effect allele frequency; HR, hazard ratio; CI: confidence 

interval. In bold, SNP showing interaction with ELTS at the genome-wide significance level of P ≤ 5x10-8 
aThe interaction effect size between SNP and ELTS exposure was estimated as the difference between the ELTS+ and ELTS- combined SNP effect sizes obtained 

from the fixed-effects meta-analyses of the five studies in each ELTS+/ELTS- stratum (as shown in Figure 1). 
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TABLE S3. Functional annotations of SNPs at the four loci interacting with ELTS exposure on time-to-asthma onset in childhood 

Locus SNP 
Position 

(build 37) 

Variant 

Location* 

r2 with 

lead SNP 

at the 

locus  

 Regulatory elements 

 
Promoter 

histones 

marks 

Enhancer 

histones marks 

DNase I hyper 

sensitivity site 

Transcription factor 

binding sites  

13q21 rs7334050 70 645 872 KLHL1intron Lead SNP 
 

No No No FOXL1,PBX-1, POU1F1 

 rs73214641 70 653 523 KLHL1 intron 0.87  Yes  

(fetal heart) 

Yes 

(fetal lung, other 

tissues)  

Yes  

(hematopoietic 

stem cells) 

- 

 rs73214642 70 654 514 KLHL1 intron 0.87  Yes  

(fetal heart) 

Yes 

(fetal lung, other 

tissues) 

Yes  

(brain) 
- 

20p12 rs13037508 14 928 945 
MACROD2 

intron 
Lead SNP  No 

Yes  

(lung, fetal lung, 

other tissues) 

Yes  

(ESDR cells, 

Ovary) 

BCL, CEBPD, FOXD3, 

HDAC2, IRF, PAX-5, 

POU2F2, POU3F2, 

RXRA, STAT, P300 

 rs2423868 14 929 217 
MACROD2 

intron 
0.71   

Yes  

(lung, other tissues) 

Yes  

(lung, fetal lung, 

other tissues) 

CTCF, RAD21, RFX5 

14q22 rs7493885 51 317 418 20kb 5’ of NIN Lead SNP  

No Yes  

(hematopoietic stem 

cells, fetal brain) 

Yes 

(brain) 
- 

 rs8020067 51 318 210 20kb 5’ of NIN 1  

Yes  

(primary T 

cells) 

Yes  

(hematopoietic stem 

cells, fetal brain) 

No 
AHR::ARNT, ARNT, 

HBP1, PAX-4 

 rs4901062 51 315 594 18kb 5' of NIN 0.99  

Yes 

(rectal 

smooth 

muscle) 

Yes  

(lung, fetal lung, 

other tissues) 

No CTCF, PITX2, RAD21 
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kb, distance to gene in kilobases (build 37); r2, linkage disequilibrium measure between a SNP and the lead SNP at a locus, ESDR, embryonic stem cells 

differentiated (or treated) / cultured cells. 

The SNPs were mapped to regulatory elements using the ENCODE and ROADMAP data as summarized in the HaploReg v4.1 tool 

(http://www.broadinstitute.org/mammals/haploreg/haploreg.php). 

 

 

 

2p22 rs232542 38 328 178 
25kb 5' of 

CYP1B1 
Lead SNP  

Yes 

(fetal lung, 

blood cells, 

other tissues) 

Yes 

(blood cells, other 

tissues) 

No YY1 

 

rs232540 38 329 395 
26kb 5' of 

CYP1B1 
0.99  No 

Yes 

(stem cells, other 

tissues) 

Yes  

(blood cells) 

CTCF, ETS, EVI-1, 

MYF, PEBP, RAD21, 

SMC3, TAL1 
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Figure S1. Quantile-quantile plot of the results of the gene-environment-wide interaction 

meta-analysis for time-to-asthma onset in childhood 

 
Quantile-quantile (QQ) plot for the tests of interaction between individual SNPs and ELTS 

exposure on time-to-asthma onset in childhood. The dots represent the distribution of 

observed –log10(P) values against the expected –log10(P) values from a theoretical chi-

square distribution with one df. The straight line represents the theoretical distribution of 

expected –log10(P) values under the null hypothesis of no association. There was no 

evidence of any systematic bias: the genomic inflation factor (λ) was equal to 1.0029. 
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Figure S2. Forest plots of the lead SNP at the three loci showing suggestive interaction 

with ELTS exposure on time-to-asthma onset in childhood (P≤5x10-6): A) 2p22 (rs232542), 

B) 14q22 (rs7493885), and C) 20p12 (rs13037508). Hazard ratios (HR) and 95% Confidence 

Intervals (CI) are plotted by study and by ELTS exposure stratum. The combined HR estimates 

over all five studies in each stratum and the combined SNP by ELTS exposure interaction HR 

are plotted as a diamond. 

 

 

A) 
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B) 
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