
• Results of gene×smoke meta-analysis

 Covariates: Age, Sex, BMI, and Allergy status

 15 Genes were identified as candidate genes associated with asthma, and 2 genes

were previously reported candidate gene with asthma[10-11].

• Novel gene (SETDB1) associated with asthma[12].

• Discussions

 This study is an association meta-analysis study of gene-environmental (smoke)

interaction related to asthma, and it is significantly meaning that using Korean chips,

several candidate genes related to asthma could be identified (containing previously

reported candidate gene with asthma) and suggest a new candidate gene associated

with asthma.

 Further study, to more clearly verify the gene-environmental interaction associated

with asthma, we will conduct gene-level and gene set-level meta-analysis.

• Quality Control (QC) of genetic data set

 Filter out 

 Insert-Deletion (InDel)

 Multiallelic SNPs

 Missing genotype call ratio > 0.05

 Minor Allele Frequency (MAF) < 0.05

 Hardy-Wein berg Equilibrium (HWE) p-value ≤ 10-5

 Total 5,416,280 SNPs remained, after filtering 1,760,343 SNPs from the KORV1.1.
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• Asthma is a representative complex disease caused by the interaction of various

environmental and immunological factors and genetic factors.

• To investigate the gene-environmental (smoke) interaction related in asthma, we

conduct meta-analysis with Health examines study (HEXA) cohort data,

Cardiovascular disease association study (CAVAS) cohort data and Korea association

resource study (KARE) cohort data of Korean Genome and Epidemiology Study

(KoGES), and genetic information was produced with Korean chips (KORV1.1).

• As a result of performing gene×smoke meta-analysis, 15 genes were identified and 2

genes were previously reported candidate gene with asthma.

Gene-environmental interaction study for discovery 

of new genetic factor for asthma
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• Asthma, one of the major diseases occurring in the modern living environment, is a

disease caused by an inflammatory reaction of the bronchial tubes when exposed to

specific risk factors[1].

• Genome-wide association study finds associations for related traits or phenotypes at

all genomic locations, discovered numerous asthma-related genetic variants[2].

However, the most complex traits of the discovered Single Nucleotide Polymorphism

(SNP) explain only a small portion of the estimated heritability (missing heritability)

[3].

• One solution suggested for this problem is a gene-environment interaction effect[4],

and it is well known that asthma is caused by a combination of environmental and

immunological factors[5].

• In this study, through previous studies, smoking status and allergic diseases were

considered major environmental factors related to asthma[6,7]. In addition, it has been

reported that the genetic risk of SNPs that can affect asthma and related traits is

affected by age, sex, various other demographic and environmental factors[8].

• Therefore, an integrated analysis using mathematical and statistical models related to

gene-environment interaction research will be conducted to discover candidate

genomic markers related to asthma.

• Gene-environment (smoke) interaction study

 (Step 1) : Logistic regression model by PLINK software[9]

logit(ASTH = 2) = β0 + β1SNP + β2SEX + β3AGE + β4BMI

+ β5ALLER + β6SMOKE + β7SMOKE × SNP (Eq.1)

(Genetic coding | SNP : AA=0, Aa=1, aa=2 / A : major allele, a : minor allele, Covariates | SEX, AGE, BMI, ALLER)

 (Step 2) : Meta-analysis model by METAL software[10] 

Intermediate Statics ∶ Zi = Φ-1 Pi
2

×sign Δi

Wi = Ni (Eq.2)

Overall Z-Score : 
σi Ziwi

σ
i wi

2
Overall Z-Score : 2Φ -Z

(Ni : Sample size for study i /  Pi : P-value for study i / Δi : direction of effect for study i)
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Table 1. General characteristics of subjects from HEXA, CAVAS, and KARE cohorts

ap-value from chi-square test or t-test
bMeans ± standard deviation (SD)
cBody Mass Index (BMI)
dAllergy status (ALLER)
eSmoke status (non-Smoker: never smoker / Smoker: former smoker + current smoker) 

Table 2. Top list of SNP for gene-smoke interaction in asthma by meta analysis (p ≤ 3.0×10-6).

CHR rsIDa Allele1b Allele2c Weight Z-score p-value Direction Gene

10 rs17153428 a t 66857 5.546

Metal : 3.0×10-8

HEXA : 3.0×10-7

CAVAS : 0.3212
KARE : 0.2789

+++ RP11-383C5.4

10 rs74743572 a g 66857 -5.521

Metal : 3.0×10-8

HEXA : 4.0×10-7

CAVAS : 0.0349
KARE : 0.2353

--- RP11-383C5.4

10 rs57480332 t c 66857 5.209

Metal : 2.0×10-7

HEXA : 2.0×10-6

CAVAS : 0.0418
KARE : 0.2186

+++ RP11-383C5.3

10 rs79219793 a g 66857 -5.071

Metal : 4.0×10-7

HEXA : 1.0×10-6

CAVAS : 0.5597 
KARE : 0.5857

--- RP11-383C5.4

9 rs4740872 t g 66857 -4.82

Metal : 1.0×10-6

HEXA : 5.0×10-6

CAVAS : 0.2362 
KARE : 0.3089

--- KDM4C

9 rs13292853 a g 66857 -4.814

Metal : 2.0×10-6

HEXA : 2.0×10-6

CAVAS : 0.2557 
KARE : 0.5588

--- KDM4C

1 rs71624514 t c 66857 4.711

Metal : 2.0×10-6

HEXA : 1.0×10-6

CAVAS : 0.4197 
KARE : 0.8869

+++ SETDB1

1 rs34207591 a g 66857 -4.711

Metal : 3.0×10-6

HEXA : 1.0×10-6

CAVAS : 0.4197  
KARE : 0.8869

--- SETDB1

2 rs7602146 c g 66857 -4.65

Metal : 3.0×10-6

HEXA : 8.0×10-5

CAVAS : 0.0918 
KARE : 0.0255

--- AC113608.1

HEXA CAVAS KARE

Case
(n = 975)

Control 
(n = 57,459) p-valuea

Case
(n = 95)

Control
(n = 2,908) p-value

Case
(n = 112)

Control
(n = 5,308) p-value

SEX

0.0002 0.8325 0.0048Male 283(1.4%) 19,924(98.6%) 37(3.1%) 1,164(96.9%) 39(1.5%) 2,653(95.8%)

Female 692(1.8%) 37,535(98.2%) 58(3.2%) 1,744(96.8%) 73(2.6%) 2,745(92.5%)

AGE(years)b 55.4±8.4 53.8±8.0 < 0.0001 57.9±7.8 55.4±7.8 0.0025 53.3±7.9 51.5±8.5 0.0026

BMI(kg/m2)c 24.3±3.2 23.9±2.9 0.0002 25.5±3.4 24.5±3.0 0.0002 25.0±3.5 24.6±3.0 0.1536

ALLER statusd

< 0.0001 < 0.0001 < 0.0001Non-ALLER 727(1.3%) 53,642(98.7%) 74(2.7%) 2,695(97.3%) 86(1.7%) 5,015(98.3%)

ALLER 248(6.1%) 3,817(93.9%) 21(9.0%) 213(91.0%) 26(8.2%) 293(91.8%)

SMOKE statuse

0.6348 0.5471 0.4397Non-Smokers 721(1.7%) 42,070(98.3%) 72(3.0%) 2,123(97.0%) 71(2.2%) 3,173(97.8%)

Smokers 254(1.6%) 15,389(98.4%) 23(2.8%) 785(97.2%) 41(1.9%) 2,135(98.1%)

ahg19, dbSNP150 version
bMinor allele
cMajor allele


