
Text S1: the Wald test 

The full logistic model can be written as 
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where ghπ is the probability of disease given genotype g at SNP1 and h at SNP2. 

The log-likelihood is [ ]∑ ∑= =
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MLEs of ghπ  are +ghgh nn /1 , where 10 ghghgh nnn +=+ . Therefore, the MLEs of parameters 

ghhg λβαµ ,,,  are respectively 

2,1,2,1,/log

)ˆ(logit)ˆ(logit)ˆ(logit)ˆ(logitˆ

2,1,/log)ˆ(logit)ˆ(logitˆ

2,1,/log)ˆ(logit)ˆ(logitˆ

)/log()ˆ(logitˆ

0000

0000

1001

0011

0000

000

00

001

10
000

000

00

001

01
000

00000100

==









=

−−+=

=







=−=

=







=−=

==

hg
nn
nn

nn
nn

h
n
n

n
n

g
n
n

n
n

nn

hg

gh

hg

gh

hgghgh

hh
hh

gg
gg

ππππλ

ππβ

ππα

πµ

 

Let ∑ ∑ ∑ ∑= = = =++++ ===
+

=
2

0

2

0

2

0

2

0
10

10 ,,,,
h g g h ghghhghg

ghgh

ghgh
gh aaaaaa

nn
nn

a where 

2,1,0;2,1,0 == hg . 

The observed Fisher Information matrix is 
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By the asymptotic properties of MLEs, the distribution of the MLE vector θ̂  is approximately 

multivariate normal with variance-covariance matrix ( ) 1−I . Therefore, the joint distribution of the MLEs 

for the interaction parameters T)ˆ,ˆ,ˆ,ˆ(ˆ
22211211 λλλλθλ =


 is approximately multivariate normal with 

variance-covariance matrix being the elements in the last four rows and columns of ( ) 1−I . Using symbolic 

matrix inverse in Mathematica, we found that the covariance-covariance matrix is  
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Note that the covariance matrix can also be derived using the multivariate normal approximation to the 

distribution of the observed counts. 

The Wald test for testing 1: 222112110 ==== λλλλH  is given by 
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Under the null hypothesis of no gene-gene interaction, Wald follows the chi-squared distribution with 4 df 

asymptotically. 


