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Appendix: Estimating Per-Unit Effectiveness from Logistic Parameters

Here we describe the statistical rationale for estimating condom effectiveness based on parameters from a logistic model. With count-level exposure variables and a sizeable effect per exposure, the logistic model (with associated odds ratios) is preferable to the Poisson model (with associated risk ratios) because a constant increase in risk (e.g., doubling with each exposure) can quickly multiply to a predicted risk that is greater than 100%, while a constant increase in odds approaches a maximum of 100%.

The choice of unit of exposure as partners, occasions, or time in years can be guided by the expected efficiency of each measure as a predictor of risk. A time-to-event model estimating risk per person-year assumes that the number of partners and occasions are equal across all participants. This assumption may be reasonable for serodiscordant heterosexual couples whose sexual activity may be more homogeneous [10] but seems unlikely in cohorts of initially non-monogamous MSM whose sexual activity may vary greatly [3]. Number of acts would be appropriate if all partners are equally infectious (i.e., if each occasion of URAI with any HIV-positive partner carries an equal risk of transmission). But if transmission is likely within only a few occasions from some partners (perhaps with a higher viral load) but not others, then a large number of occasions may be less predictive of infection than a large number of partners, which may increase the likelihood of encountering a highly infectious partner [14-17].

Thus we chose partners as the unit of exposure for this analysis. HIV-positive partners with whom RAI is always condom-protected are referred to as PRAI partners. HIV-positive partners with whom RAI is ever not condom-protected (that is, sometimes or never condom-protected) are referred to as URAI partners. The quantitative rationale below can also be applied to number of condom-protected and unprotected occasions rather than partners.

A logistic model to estimate the odds [image: image2.png]


 of infection after n partners for URAI and m partners for PRAI is:
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where exp is the exponential function. The odds ratio ORURAI for new HIV infection per URAI partner is then estimated by exponentiating the value β1. This odds ratio represents the ratio of the odds of infection with x+1 HIV-positive partners versus odds of infection with x HIV-positive partners for “ever-unprotected” RAI. Similarly the odds ratio ORPRAI for new HIV infection per PRAI partner is obtained by exponentiating the value β2. This second odds ratio represents the ratio of the odds of infection with x+1 partners versus odds of infection with x partners for “always condom-protected” RAI.

The factor [image: image5.png]exp(By)



 represents the background odds (not the odds ratio), which account for those infections not explained by variables in the model. These infections could be due to exposure from unknown status or incorrectly perceived HIV-negative partners, oral or insertive anal sex, injection drug use, or simply behavior that was not reported. The background odds, the predicted odds of infection with zero partners for both URAI and PRAI, where n=m=0, are:
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The modeled odds at n partners for URAI and zero for PRAI, and at zero for URAI and m for PRAI, are obtained by multiplying the background odds by the appropriate odds ratio n or m times:

[image: image7.png]oddsy o = exp(By + nfy) = exp(By) x exp(fiy)





[image: image8.png]oddsgm = exp(By + M/





From this model, the excess odds (the odds of infection with one partner minus the odds of infection with zero partners) then estimate the increase in odds for each HIV-positive partner for URAI and PRAI [24]. The excess odds of infection for one vs. zero partners for URAI are then the difference: 
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and the excess odds of infection for one vs. zero partners for PRAI are:
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The relative excess odds—the ratio of the excess odds per always-protected partner divided by the excess odds per ever-unprotected partner—then estimate the failure rate for condom use [24]. If we divide through by a factor of [image: image12.png]exp(By)



 then the failure rate can be expressed in terms of the odds ratios (rather than the odds):
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Per-partner condom effectiveness is then one minus the failure rate [9]:
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We applied a bootstrap procedure to obtain 95% confidence intervals for the point estimate of effectiveness. Iterations yielding a point estimate for condom effectiveness outside the range 0–100% were retained for the purpose of constructing confidence intervals. The excess odds for URAI and for PRAI are not constrained to be positive. If the excess odds are positive for URAI and negative for PRAI, the calculated failure rate is less than zero, and effectiveness is assumed to be 100%. If the excess odds for PRAI are greater than the excess odds for URAI, the calculated failure rate is greater than 100%, and effectiveness is assumed to be zero. If the excess odds are negative for URAI, the behavior is not a risk factor for infection and condom effectiveness is irrelevant; however this did not occur in any iterations in our analysis.

The first step of this approach is similar to that of Scott et al. [12] in that it uses a logistic model to estimate the odds of infection per unit of exposure (per partner in our case, per act for Scott et al.). The end goal in Scott et al.’s analysis was to estimate two separate per-exposure (per-act) risks (one with condoms and one without), while our goal is to go a step further to explicitly compare the two per-exposure (per-partner) estimates, with versus without condoms.

To illustrate the differential impact of number of URAI and PRAI partners, we calculated the modeled percentage of newly infected persons for 0 to 10 HIV-positive partners for URAI (with none for PRAI) and for 0 to 10 HIV-positive partners for PRAI (with none for URAI) (Fig. 1). The logistic formula to estimate the odds of infection with n partners for URAI and m partners for PRAI is:
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The percentage of participants who are newly positive is then estimated by solving for p:
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The modeled percentage of participants who are newly HIV-positive can then be plotted as a function of URAI and PRAI to illustrate the increase in odds of infection as number of URAI and PRAI partners increases. The odds (expressed as percentages) do not strictly represent risk per partner because we used data only from each participant’s final visit.

