
Background: The exploration of “gene-environment interactions” 

(GxE) is important for disease prediction and prevention. The 

scientific community usually uses external information to construct a 

genetic risk score (GRS), and then tests the interaction between this 

GRS and an environmental factor (E). However, external genome-

wide association studies (GWAS) are not always available, 

especially for non-Caucasian ethnicity. Although GRS is an analysis 

tool to detect GxE in GWAS, its performance remains unclear when 

there is no external information.  

Methods: Our “adaptive combination of Bayes factors method” 

(ADABF) can aggregate GxE signals and test the significance of 

GxE by a polygenic test. We here explore a powerful polygenic 

approach for GxE when external information is unavailable, by 

comparing our ADABF with the GRS based on marginal effects of 

SNPs (GRS-M) and GRS based on SNPxE interactions (GRS-I).  

Conclusions: ADABF is the most powerful method in the absence 

of SNP main effects, whereas GRS-M is generally the best test 

when SNP main effects exist. GRS-I is the least powerful test due to 

its data-splitting strategy. Furthermore, we apply these methods to 

Taiwan Biobank data. ADABF and GRS-M identified gene-alcohol 

and gene-smoking interactions on blood pressure (BP). BP-

increasing alleles elevate more BP in drinkers (smokers) than in 

nondrinkers (nonsmokers). This work provides guidance to choose a 

polygenic approach to detect GxE when external information is 

unavailable. 
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-log10(0.05/10) = 2.3, the significance level 

adjusted for testing 10 times. 

Each additional SBP-increasing allele is associated with 

~0.20 mm Hg higher SBP in drinkers than in nondrinkers. 

Each additional DBP-

increasing allele is 

associated with ~0.07 mm 

Hg higher DBP in smokers 

than in nonsmokers. 

Blue bar: 10 SNPxE odds ratios (ORs) range in [1.2 ~ 1.4], another 10 ORs range in [0.71 ~ 0.83]. 

Orange bar: 10 SNPxE ORs range in [1.4 ~ 1.6], another 10 ORs range in [0.63 ~ 0.71]. 

Red curve: 25 SNPxE ORs range in [1.2 ~ 1.4], another 25 ORs range in [0.71 ~ 0.83]. 

Whereas GRS-M did 

not identify this 

interaction 

Blue bar: 10 SNPxE effect sizes range in [0.05 ~ 0.07], 

another 10 effect sizes range in [-0.07 ~ -0.05]. 

Orange bar: 10 SNPxE effect sizes range in [0.07 ~ 0.09], 

another 10 effect sizes range in [-0.09 ~ -0.07]. 

Red curve: 25 SNPxE effect sizes range in [0.05 ~ 0.07], 

another 25 effect sizes range in [-0.07 ~ -0.05]. 

Taiwan Biobank analysis 

Sample size = 16,555 

4,104 smokers, 

12,429 nonsmokers 

1,764 drinkers, 

14,779 nondrinkers 

“drinking” is defined as a weekly 

intake of greater than 150 c.c. of 

alcohol for at least six months. 

Taiwan Biobank analysis 

Sample size = 16,555 

gene-alcohol interaction > gene-smoking interaction 

                     for blood pressure levels 

diastolic blood pressure systolic blood pressure 


