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Web Appendix 

Suppose we have the following observed data, where 𝐸 and 𝐷 represent exposure and 

disease levels, respectively: 

 𝐸 + 𝐸 − 

𝐷 + 𝑎 𝑏 

𝐷 − 𝑐 𝑑 

 

Furthermore, suppose we have the following data from our target population, which is 

unobserved: 

 𝐸 + 𝐸 − 

𝐷 + 𝐴 𝐵 

𝐷 − 𝐶 𝐷 

 

The true risk ratio of interest is: 

𝑅𝑅 =
𝐴/(𝐴+𝐶)

𝐵/(𝐵+𝐷)
=  

𝐴(𝐵+𝐷)

𝐵(𝐴+𝐶)
 . 

We can express our observed counts as a weighted probability of being selected into the 

study, i.e., 

𝑑 = 𝑃(𝑆|𝐷−, 𝐸 −) ∗ 𝐷 → 𝐷 = 𝑑 ∗
1

𝑃(𝑆|𝐷−, 𝐸 −)
. 

Substituting these selection probabilities into the RR equation: 

𝑅𝑅𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑏𝑖𝑎𝑠 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 =

𝑎/𝑃(𝑆|𝐷+, 𝐸+)
(𝑎/𝑃(𝑆|𝐷+, 𝐸+) + 𝑐/𝑃(𝑆|𝐷−, 𝐸+))

𝑏/𝑃(𝑆|𝐷+, 𝐸−)
(𝑏/𝑃(𝑆|𝐷+, 𝐸−) + 𝑑/𝑃(𝑆|𝐷−, 𝐸−))

 

 



We want to factor out the RR for the observed data 
𝑎(𝑏+𝑑)

𝑏(𝑎+𝑐)
: 

=  
𝑎/𝑃(𝑆|𝐷+, 𝐸+)

(𝑎/𝑃(𝑆|𝐷+, 𝐸+) + 𝑐/𝑃(𝑆|𝐷−, 𝐸+))
∗

𝑏
𝑃(𝑆|𝐷+, 𝐸 −) +

𝑑
𝑃(𝑆|𝐷−, 𝐸 −)

𝑏/𝑃(𝑆|𝐷+, 𝐸−)
 

=
𝑃(𝑆|𝐷+, 𝐸 −)

𝑃(𝑆|𝐷+, 𝐸+)
 
𝑎 (

𝑏
𝑃(𝑆|𝐷+, 𝐸 −) +

𝑑
𝑃(𝑆|𝐷−, 𝐸 −))

𝑏(
𝑎

𝑃(𝑆|𝐷+, 𝐸 +) +
𝑐

𝑃(𝑆|𝐷−, 𝐸 +))
 

=
𝑃(𝑆|𝐷+, 𝐸 −)

𝑃(𝑆|𝐷+, 𝐸+)
 
𝑎 (𝑏 + 𝑑)

1
(𝑏 + 𝑑) (

𝑏 𝑃(𝑆|𝐷−, 𝐸 −) + 𝑑 𝑃(𝑆|𝐷+, 𝐸−)
𝑃(𝑆|𝐷+, 𝐸 −)𝑃(𝑆|𝐷−, 𝐸 −) )

𝑏(𝑎 + 𝑐)
1

(𝑎 + 𝑐) (
𝑎 𝑃(𝑆|𝐷−, 𝐸 +) + 𝑐 𝑃(𝑆|𝐷+, 𝐸+)

𝑃(𝑆|𝐷+, 𝐸 +)𝑃(𝑆|𝐷−, 𝐸 +) )
 

=
𝑃(𝑆|𝐷+, 𝐸 −)𝑃(𝑆|𝐷+, 𝐸 +)𝑃(𝑆|𝐷−, 𝐸 +)

𝑃(𝑆|𝐷+, 𝐸+)𝑃(𝑆|𝐷+, 𝐸 −)𝑃(𝑆|𝐷−, 𝐸 −)
∗

𝑎(𝑏 + 𝑑)

𝑏(𝑎 + 𝑐)
∗

(𝑎 + 𝑐)

(𝑏 + 𝑑)

∗
𝑏𝑃(𝑆|𝐷−, 𝐸 −) + 𝑑 𝑃(𝑆|𝐷+, 𝐸 −)

𝑎 𝑃(𝑆|𝐷−, 𝐸 +) + 𝑐 𝑃(𝑆|𝐷+, 𝐸+)
 

𝑅𝑅𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑏𝑖𝑎𝑠 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑

= 𝑅𝑅𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑

(𝑎 + 𝑐)

(𝑏 + 𝑑)
∗

𝑃(𝑆|𝐷−, 𝐸 +)

𝑃(𝑆|𝐷−, 𝐸 −)
∗

𝑏 𝑃(𝑆|𝐷−, 𝐸 −) + 𝑑 𝑃(𝑆|𝐷+, 𝐸 −)

𝑎 𝑃(𝑆|𝐷−, 𝐸 +) + 𝑐 𝑃(𝑆|𝐷+, 𝐸+)
 

 

 


