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The assessment of variable inflation of test statistics is an essential 

process in genome-wide association studies. Variable inflation can 

be quantified by comparing the observed distribution of test 

statistics with their expected distribution under the null hypothesis 

without the inflation. Here, we planned to estimate the null 

distribution of Fisher’s exact test p-values, that is not given 

arithmetically. 

  For each table in the table set, we calculated the cumulative 

distribution function (c.d.f.) of p-values that the marginal counts of 

the table could give, and averaged the c.d.f.s of all the tables in the 

table set, which was our estimated null distribution of exact test p-

values for the table set.  

  We generated simulation case-control genotype data in a range of 

variable inflation, using Wright’s FST. For each genotype data, we 

calculated Fisher's exact test p-values of the allelic 2×2 tables of 

the SNPs, and estimated the null distribution of Fisher's exact test 

p-values. 

  When no variable inflation was induced, observed p-values 

followed their estimated null distributions. Observed Fisher's exact 

test p-values indicated higher variable inflation, as FST increased. 

Estimated null distributions of Fisher's exact test p-values were 

identical regardless of FST.  

  Our method estimated the null distribution of Fisher's exact test p-

values without variable inflation, from the sets of the contingency 

tables that included the variable inflation. 

Abstract 
Estimation of the null distribution of Fisher’s 

exact test p-values for 2×2 contingency tables. 

Consider a 2×2 contingency table as below. 

 

 

  When there is no bias in the distribution of cell 

counts under the given fixed marginal values, 

the distribution of the cell counts follow the 

hypergeometric distribution. The occurrence 

probability of the observed table is expressed as 

 

 

and the two-tailed Fisher’s exact test p-value of 

the tables is expressed as 

 

 

where n’11 satisfies all of n’ij≥0. 

  Let Q(x) be the c.d.f. of Fisher’s exact test p-

values of the tables with marginal values of (n, 

n1., n.1). 

 

 

 Suppose sample space Ω which consists 

of k 2×2 contingency tables. We define 

F(x| Ω), the summation of Q(x) over Ω, as 

the estimator of the c.d.f. of Fisher’s exact 

test p-values under the null hypothesis 

without variable inflation. 

 

 

Simulation analysis 

  We generated simulation case-control 

SNP genotype data in a range of variable 

inflation (Wright’s FST = 0, 0.0025, 0.005, 

0.0075, 0.01). Sample size  was 100 cases 

and 100 controls,  and number of SNPs 

was 500,000. Allele frequencies of the 

respective SNPs were randomly obtained 

from the uniform distribution of (0,1). For 

each value of FST, genotype data were 

created 10 times separately.  

  For each genotype data, we calculated 

Fisher's exact test p-values of the allelic 

2×2 tables of the SNPs, and then 

estimated the null distribution of Fisher's 

exact test p-values. 
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Conclusions 
Our method estimated the null distribution of Fisher's exact test p-values without 

variable inflation, regardless of the degree of the included variable inflation. 

Quantile-Quantile Plots of Fisher’s Exact Test P-values 

 

  (i)  When no variable inflation was induced (FST =0), observed Fisher's exact test p-values followed their estimated null distributions. 

  (ii)  Observed Fisher's exact test p-values indicated higher variable inflation, as the value of FST increased from 0 to 0.01. 

  (iii)  Estimated null distributions of Fisher‘s exact test p-values were identical regardless of the value of FST. 
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Observed p-values or estimated null distributions of p-values     (observed:               estimated:              ) 
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