Confounder Adjusted Analysis

The decision to circumcise is deeply rooted in an individual’s cultural context. We expect numerous health, social and behavioral traits to be correlated with this cultural context. It is thus critical to attempt to adjust for potential confounders when investigating the relationship between circumcision status and HIV infection.
In this appendix we develop a very flexible and general model for confounding and show how the odds ratio for HIV risk among insertive individuals contains both the real effect of circumcision and the effects of confounding variables. By contrast the ratio of odds ratios between highly insertive and less insertive individuals is shown to be a conservative estimate of the true effect of circumcision absent the confounding effects.
Let  be the probability in study population i of HIV positivity (H ∈ {0,1}) given circumcision status (C ∈ {0,1}) and the proportion of unprotected sexual contacts that are insertive (R ∈ [0,1]). We model the odds logistically as

where β₀ⁱ models the baseline risk of HIV, and gⁱ is an arbitrary function representing the effect of insertivity on HIV risk. β₁ⁱ models the protection of circumcision in purely non-insertive individuals. That is to say the social and personal effect of circumcision on HIV risk separate from any real protection during insertive sex. We call this the confounding effect of circumcision.
fⁱ in the last term is a monotonic increasing function from 0 to 1 (fⁱ(0)=0 and fⁱ(1)=1) mapping the relative protection given to people of mixed sexual roles. β₂ⁱ is then the "unconfounded" effect of circumcision on purely insertive individuals.
The above model is a very flexible and general model with no constraints put on the functional forms for the relationship between insertivity and HIV risk (gⁱ) or the drop off in the protective effect of circumcision at lower rates of insertive sex (fⁱ). It makes two main assumptions that will allow us to removing confounding effects. The first is that circumcision provides no real protection to purely non-insertive MSM, which is reasonable from a biological perspective. The second is that any behavioral or social confounders affect insertive and non-insertive similarly (i.e. the confounder effect is β₁ⁱ for all levels of insertivity).
The first comparison we might do is to look at the log ratio of insertive circumcised versus insertive uncircumcised. In our model this would be represented as

We see that the log odds ratio includes the confounding term β₁ⁱ and the true effect term β₂ⁱ reduced by the level of non-insertivity (fⁱ(r)). Having both β terms in the ratio means that we must assume no confounding effects (β₁ⁱ = 0) if we wish to interpret this ratio as the biological effect of circumcision.
In order to remove the confounding effect, we can look at the log ratio of high insertivity subtracting off the log ratio of a lower insertivity level

This term includes only the real effect of circumcision β₂ⁱ, removing the confounding effect β₁ⁱ. The full magnitude of the β₂ⁱ effect does not translate to the log ratio of ratios, rather its magnitude is reduced by a factor of ; thus the difference in log ratios is an underestimate of the true effect
.
For our meta-analysis we calculate the difference of log odds ratios between the most and least insertive groups reported by each study. The variance of this difference is calculated assuming independence, which is exactly true when the odds ratios are calculated from counts and approximately true otherwise.
