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Abstract  

Background: Voluntary medical male circumcision reduces men’s risk of HIV acquisition and may thus 

increase HIV risk-related sexual behaviors through risk compensation. We analyze longitudinal data from 

one of Africa’s largest population cohorts using fixed effects panel estimation to measure the effect of 

incident circumcision on sexual behaviors.   

Setting: KwaZulu-Natal, South Africa.  

Methods: An open population cohort of men were followed from 2009 to 2015. Men self-reported their 

circumcision status and sexual behavior annually. We used linear regression models with individual-level 

fixed effects to measure the effect of incident circumcision on recent sex (past 12 months) and sexual 

behaviors that increase HIV risk (not using a condom at last sex, never using condoms with the most recent 

sexual partner, concurrent sexual partners at present, and multiple sexual partners in the past 12 months). 

We controlled for potential time-varying confounders: calendar year, age, education, and sexual debut.  

Results: The 5,127 men in the cohort had a median age of 18 years (IQR 16 to 24) at cohort entry. Over 

the study period, almost one in five of these men (19.4%) became newly circumcised. Incident 

circumcision affected neither recent sex (percentage point change [PP] 0.0, 95%CI -1.2 to 1.3) nor sexual 

behaviors that increase HIV risk (PP -1.6, 95%CI -4.5 to 1.4).   

Conclusion:  The data from this study strongly reject the hypothesis that circumcision affects sexual risk 

taking. Risk compensation should not serve as an argument against increased and accelerated scale-up of 

circumcision in this and similar communities in South Africa. 
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Introduction    

Voluntary medical male circumcision is an attractive HIV prevention approach, because it is a one-

time, permanent intervention1–4 that does not rely on the consistent and repeated behaviors required of 

other HIV prevention interventions, including condom use,5,6 treatment-as-prevention7,8 or pre-exposure 

prophylaxis.9,10 The effectiveness of circumcision as an HIV prevention intervention, however, may be 

compromised if circumcision leads to increased sexual risk taking.  

Theories of risk compensations predict that circumcision increases sexual risk taking. Risk 

compensation is a change in behavior in response to a change in perceived level of risk.11 In the context 

of circumcision, newly circumcised males may adopt sexual behaviors associated with an increased risk of 

HIV acquisition because they believe that circumcision protects them from HIV infection.3,12–17 Many sub-

Saharan African countries have cited risk compensation as a concern for scaling circumcision programs. 

For instance, the 2013/2014 South African Health Review stated that “risk compensation is a major 

concern relating to male circumcision … the issue of sexual disinhibition may be especially relevant for 

young and sexually active populations in high HIV-prevalence areas”.16 

Previous studies on the effect of circumcision on male' HIV risk-related sexual behaviors – some 

which found no effect14,15,18–24 and others which found evidence of risk compensation3,12,13 – had 

important limitations. Several of these studies were carried out in the era before the causal effect of 

circumcision on HIV acquisition had been established.3,18,21–23 Prior to the randomized controlled trials 

(RCTs) that established that circumcision reduces men’s risk of HIV acquisition,1–3 participants could not 

have known with certainty that circumcision does indeed protect against HIV acquisition. In the era before 

the RCT results were known, men may thus not have changed their sexual behaviors following 

circumcision. Those studies that were conducted in the era after publication of the RCT results mainly 

used cross-sectional surveys12,13,20 or qualitative interviews14,15 and thus allowed only relatively weak 

inference on causal effects. One study carried out in the post-RCT era from the Rakai district of Uganda 
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used longitudinal data to identify incident circumcision and to relate this exposure information to sexual 

behavior.24  This study did not find any evidence of risk compensation.24 

In this study, we use longitudinal data from one of Africa’s largest population cohorts in 

KwaZulu-Natal, South Africa, in the era following the RCTs that established the effect of circumcision on 

HIV acquisition risk (2009-2015). We strengthen the body of existing evidence by using for the first time 

fixed effects panel analysis for this estimation. Fixed effects panel analysis allows us to control for all 

individual-level confounding factors that do not vary over time – including both observed and 

unobserved factors. Our approach thus completely controls for self-selection into circumcision based on 

baseline factors. In addition, we are measuring the effect of time since incident circumcision on sexual 

behavior. Knowledge of the effect of circumcision on HIV risk-related sexual behaviors can be valuable 

for understanding the full effect of circumcision on HIV prevention and for designing future circumcision 

programs. 

 

Methods 

Study setting 

The Africa Health Research Institute (AHRI) has operated a surveillance site in the rural 

uMkhanyakude district of KwaZulu-Natal, South Africa since 2003.25 The surveillance data includes all 

households located within a 438-km2 area. KwaZulu-Natal has the highest burden of HIV compared to all 

the other South African provinces.26–28 In 2014, 34% of all adults and 20% of all men 15 to 49 years in the 

surveillance area were living with HIV.29 Research assistants collect sociodemographic and health data 

annually at the surveillance site through individual and household surveys. Since 2009, male participants 

have been asked to self-report their circumcision status and sexual behaviors. Blood, in the form of dried 

blood spots, is collected from willing participants for HIV testing annually.  
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The AHRI surveillance has ethical approval from the Biomedical Research Ethics Committee, 

University of KwaZulu-Natal. The analyses presented in this paper were exempted from additional review 

by the Institutional Review Board at the Harvard T.H. Chan School of Public Health because it only uses 

anonymized secondary data. 

 

Participants  

We used surveillance data from 2009 to 2015. Survey respondents were included in our analysis 

if they were male and 15 years or older, resided in the surveillance area at the time of data collection, and 

had self-reported their circumcision status at least twice.  

 

Recent sex and HIV risk-related sexual behaviors 

We explored the effect of incident circumcision on recent sex and sexual behaviors associated 

with an increased risk of HIV acquisition. Recent sex was defined as any sex in the past 12 months. We 

measured the effect of circumcision on recent sex to understand if newly circumcised men engage in more 

sex, regardless of type, because they no longer feared HIV infection. The HIV risk-related sexual behaviors 

we measured included: (1) not using a condom at last sex, (2) never using condoms with the most recent 

sexual partner, (3) concurrent sexual partners at present, and (4) multiple sexual partners in the past 12 

months.  We also created a binary variable capturing any HIV risk-related sexual behavior. This variable 

indicates whether men reported at least one of the four individuals HIV risk-related sexual behaviors 

described above or not a single one. All sexual behavior outcomes were binary and self-reported.  

 

Circumcision status 

We used two measurements to capture circumcision status: (i) a binary measure of current 

circumcision status and (ii) a categorical variable representing different times since incident circumcision. 
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Our time since incident circumcision variable included four categories: more than one year prior to 

circumcision, within one year prior to circumcision (reference), within one year post circumcision, and 

more than one year post circumcision. For newly circumcised men, we assumed that incident circumcision 

occurred midway between the date they last reported being non-circumcised and the date they first 

reported being circumcised. We included the categorical measure of time since incident circumcision to 

determine whether changes in sexual behavior due to circumcision varied over time since incident 

circumcision. Circumcision status was self-reported and has never been validated in the surveillance data. 

Since traditional circumcision is not practiced by the Zulu culture, the dominant culture in the KwaZulu-

Natal region,16 we assumed that majority of incident circumcisions in the surveillance data were voluntary 

medical male circumcisions. 

 

Statistical methods 

We used a linear probability model (LPM) with individual fixed effects to measure the effect of 

incident circumcision on recent sex and HIV risk-related sexual behaviors. We chose LPM over binary 

choice models, because the coefficients in LPM are percentage point changes (PP), which are easy to 

interpret.  In addition to the fixed effects, which control for all time-invariant unobserved and observed 

individual-level confounders, we controlled for a range of time-varying observed confounders: calendar 

year, participant age (linear and quadratic), participant education (none/primary, 0-7 years; secondary I, 

8-9 years; secondary II, 10-11 years, secondary III+, 12+ years), and sexual debut (i.e., a self-report of ever 

having had sex). Where possible, we computed missing covariate data (i.e., age, education, sexual debut) 

from previous survey responses. In all other cases, we used the missing indicator method to account for 

the remaining missing covariates data.30 

We conducted two sensitivity analyses (Appendix Tables 1-2). First, to test the robustness of our 

model to missing data, we ran complete-case analyses in which we restricted our sample to men for whom 
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all data were available. Second, to understand the effect of errors in reported circumcision status on our 

outcomes, we dropped all men who reported not being circumcised in years following those years in 

which they had previously reported being circumcised. We used the same individual fixed effects panel 

estimation described above for both sensitivity analyses.  

To establish heterogeneity in the effect of incident circumcision on sexual behavior, we divided 

our population into “younger” (age at baseline < median age) and “older” men (age at baseline median ≥ 

age), and conducted sub-group analyses (Appendix Tables 3-4). For these analyses we used the individual 

fixed effects panel estimation described above. 

Stata 13.1 (Stata Corporation, College Station, Texas) to conduct all our analyses. 

 

Results 

Participants 

From 2009 to 2015, 5,127 men in the surveillance data met the inclusion criteria for our analyses. 

Not all of these men, however, participated in all rounds of annual data collection: 68% participated in 

two rounds, 25% participated in three rounds, 6% participated in four rounds, and 1% participated in five 

rounds. A main reason for this differential participation over time is that the cohort that generates our 

data is dynamic, i.e., over time people “age in”, migrate out, or die. Another reason is refusal to participate 

despite eligibility to participate. Of all the men in the sample, 1,235 (24%) reported being circumcised and 

343 (7%) had errors in their reported circumcision status (i.e., reports of not being circumcised in years 

following previous reports of being circumcised). Over the study observation period, 897 (17%) men were 

identified as newly circumcised and our time to incident circumcision variable ranged from six years prior 

to six years post incident circumcision.  

Table 1 describes the sociodemographic characteristics of the men in our study in the year they 

first entered the surveillance data. The table shows the baseline characteristics of all men, men who were 
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circumcised at cohort entry and thus remained circumcised, men who were never circumcised, and men 

who became circumcised over the survey years of observation. The majority of all men entered the data 

before 2011 (51%) and the median age of men when they first appeared in the surveillance data was 18 

years (interquartile range 16 to 24 years). HIV prevalence was 8.3% and circumcision prevalence was 6.6% 

among all men who appeared in the surveillance data for the first time. Almost half of all men in the survey 

data reported sex in the past year (43%) the first year they entered the surveillance data and 13% of men 

reported at least one of the sexual behaviors associated with risk of HIV acquisition.  

Several socio-demographic baseline characteristics differed across the various sub-groups that 

are overall sample can be decomposed into – i.e., men who were always circumcised, never circumcised, 

or became circumcised: education, HIV status (biologically confirmed), history of sex, and condom use.31 

These baseline differences support our choice of analytical approach: fixed effects panel estimation 

controls for self-selection into circumcision, i.e., confounding, on all individual baseline characteristics – 

both those that we have observed (and thus can show in Table 1) and those that we have not observed 

(such as, for instance, attitude towards risk).  

 

Effect of incident circumcision on recent sex and HIV risk-related sexual behaviors  

Figure 1 shows the effect of circumcision on recent sex and sexual behaviors associated with an 

increased risk of HIV acquisition among men in the population cohort. Incident circumcision did not 

significantly affect whether men reported sex in the past 12 months (percentage point change [PP] 0.0, 

95% confidence interval [CI] -1.2 to 1.3, p=0.97), nor did circumcision significantly affect whether men 

reported any (i.e., at least one of the four) of the HIV risk-related sexual behaviors (PP -1.6, 95% CI -4.5 to 

1.4, p=0.30). Incident circumcision did also not affect men’s specific HIV risk-related sexual behaviors: 

circumcision incidence did not affect men’s condom use at last sex (PP -1.4, 95% CI -3.9 to 1.2, p=0.30), 

whether they reported never using a condom with their last sexual partner (PP -1.8, 95% CI -4.2 to 0.7, 
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p=0.16), reports of concurrent sexual partners (PP -1.5, 95% CI -3.6 to 0.6, p=0.15), or reports of multiple 

sexual partners in the past 12 months (PP -0.4, 95% CI -2.4 to 1.6, p=0.67). In our sensitivity (Appendix 

Table 1) and sub-group (Appendix Table 3) analyses, these findings remained essentially the same.   

 

Effect of time since incident circumcision on recent sex and HIV risk-related sexual behaviors  

 Figure 2 shows the effect of time since incident circumcision on recent sex and sexual behaviors 

associated with increased HIV risk among men in the population cohort. Again, we found no effect of time 

since incident circumcision on men’s report of recent sex or men’s engagement in at least one of the four 

HIV risk-related sexual behaviors. In the year following incident circumcision, reported sex in the past 12 

months decreased by 0.4 percentage points (95% CI -2.0 to 1.2, p=0.61) relative to the year prior incident 

circumcision, but this effect was not significant. Men’s reports of any sexual behavior associated with an 

increased HIV risk also decreased by 1.5 percentage points (95% CI -5.5 to 2.6, p=0.40) in the year following 

incident circumcision relative to the year prior incident circumcision, but this effect was again not 

significant. Time since incident circumcision also did not significantly affect any of the individual HIV risk-

related sexual behaviors. These findings remained essentially unchanged in our sensitivity (Appendix 

Table 2) and sub-group (Appendix Table 4) analyses. 

 

Discussion 

In this longitudinal quasi-experimental study of the effect of incident circumcision and time since 

incident circumcision on HIV risk-related sexual behaviors in the era following the large circumcision trials 

in Africa, we fail to find any evidence of sexual risk compensation. Incident circumcision and time since 

incident circumcision increased neither the frequency nor the riskiness of sex among men living in a 

community with high HIV prevalence and incidence in rural KwaZulu-Natal, South Africa. These finding are 

consistent with a number of previous studies14,15,18–24, including the one other study in Uganda that used 
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longitudinal data to explore risk compensation following incident circumcision in the post-RCT era.24 Our 

study substantially strengthens the evidence on risk compensation following incident circumcision, 

because we use for the first time fixed effects panel estimation. 

Our study findings indicate that biological risk of infection may not be a major driver of sexual risk 

taking among males. Newly circumcised men in this population cohort did not vary their sexual behavior 

based on a real biological risk reduction in their per-sex act risk of HIV acquisition. Detailed qualitative 

research could help us understand why men do not vary their sexual behavior following a biological risk 

reduction such as circumcision. It is possible that counseling on safe sex often delivered as part of 

circumcision interventions in the region may have offset changes in risk perception, leading to an overall 

null effect. It is, however, also possible that the opportunity for sex and psychological motivations – such 

as attachment, self-control or sensation seeking32–34 – are far more important in determining frequency 

and riskiness of sex acts than the risk perception. Our results remained the same when we repeated the 

analyses in the sub-groups of younger and older men. We can thus rule out that our key conclusion – 

circumcision does not lead to sexual risk compensation – is wrong because our main analysis did not 

account for effect heterogeneity by age.  

The individual fixed effects panel estimation used in this study is a rigorous quasi-experimental 

method that allows a certain strength of causal inference. Fixed effects panel estimation controls for all 

baseline and other time-invariant characteristics – including those that we have not observed and thus 

cannot control for by including them as co-variates in the analysis.34 Factors that we did not observe – 

but which may be important confounders of the relationship between circumcision and sexual behavior 

– include psychological characteristics that are likely to guide selection into circumcision, such as 

attitudes towards risk, future optimism, and locus of control. Fixed effects panel estimation ensures that 

baseline differences in these factors cannot have biased results.  
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On the other hand, unlike in a randomized controlled trial we can only control for those time-

varying confounders that we have observed – calendar year, age, education, and sexual debut. We 

cannot rule out time-varying confounders due to unobserved factors, such as individual life experiences 

and perceptions of peer pressure and societal norms. One powerful approach to further increase the 

strength of causal inference in estimating the relationship between circumcision and sexual behavior 

would be to carry out a randomized controlled encouragement trial35 (e.g., using data from a 

randomized controlled trial of an encouragement to circumcise – such as a financial incentive36 – to 

estimate the causal effect of circumcision on sexual behavior using instrumental variable analysis). 

Our study has a number of strengths. The fixed effects panel analysis for the estimation of the 

relationship between incident circumcision and sexual behavior, which increases the causal strength of 

the results compared to the prior evidence on this topic.14,15,18–24 In addition, we estimated for the first 

time the effect of time since incident circumcision on sexual risk compensation, which provides a more 

detailed picture of the development of sexual behavior following circumcision than previous studies. 

Unlike men in experimental settings, the men in our study received realistic levels of pre-circumcision 

counseling that reflect real-world circumcision interventions and were aware of the benefits of 

circumcision on HIV acquisition (numerous circumcision communication campaigns were ongoing in 

KwaZulu-Natal during the surveillance period to increase incident circumcision).37  

Our study also has several limitations. First, all sexual behavior outcomes were self-reported. 

Direct measures of sexual behavior are not feasible and biomarkers for sexual activity are still not 

established for routine population-based application, because their performance is poor and they are 

expensive and difficult to collect.38,39 AHRI has recently started to do small-scale, nested sampling of 

surveillance participants for testing of sexually transmitted infections, but few men who became 

circumcised were included in this sampling and so far these measurements have only taken place once.40  

In the absence of biological measures, self-reported sexual behavior data is the best available option, even 
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though it may be subject to social desirability bias and non-response. Due to the number of promotional 

campaigns for circumcision that took place KwaZulu-Natal during the study period, there may indeed have 

been time-varying social desirability bias to report being circumcised. In as far as such time-varying social 

desirability is shared among the individuals in our study population, however, the calendar year variables 

in our regressions will have controlled for this potential source of confounding. Second, circumcision 

status was self-reported and has never been validated in the population in which study took place. 

However, a study in Kenya found excellent performance of self-reported circumcision status (with 99.0% 

accuracy evaluated against physically verified circumcision data).41 Finally, since circumcision status is 

reported only once per year (and for many men even less frequently), our time to circumcision variable is 

imprecisely measured.  

In the absence of an HIV vaccine, and in light of the recent evidence suggesting that the potential 

population impact of treatment-as-prevention may be difficult to realize,42 circumcision remains an 

important HIV prevention intervention. We recommend that policy makers continue to invest in 

circumcision and in encouraging men at risk of HIV infection to get circumcised to reduce the risk of HIV 

acquisition and work towards and AIDS-free future.43 Based on our results, fears of risk compensation are 

likely unwarranted and should not stand in the way of rapid progress towards universal circumcision 

coverage in high HIV incidence communities.   
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Figures and Tables 

Table 1. Characteristics of participants the year they first entered the surveillance data* 

Characteristics All men 
Always 

circumcised 

Never 

circumcised 

Became 

circumcised 

Year entered data: 

                     2009 

 

1,324 (25.8) 

 

33 (9.8) 

 

1,153 (29.6) 

 

138 (15.4) 

 2010 1,278 (24.9) 44 (13.0) 1,016 (26.1) 218 (24.3) 

 2011 707 (13.8) 29 (8.6) 517 (13.3) 161 (18.0) 

 2012 844 (16.5) 63 (18.6) 591 (15.2) 190 (21.2) 

 2013 624 (12.2) 93 (27.5) 408 (10.5) 123 (13.7) 

 2014 350 (6.8) 76 (22.5) 207 (5.3) 67 (7.5) 

Age (years), median (IQR):                  18 (16 to 24) 17 (16 to 25) 18 (16 to 25) 17 (16 to 19) 

Education (years):     

 None/Primary (0-7) 

 

1,035 (20.7) 

 

75 (22.3) 

 

831 (21.9) 

 

219 (14.7) 

 Secondary I (8-9) 1,176 (23.5) 54 (16.1) 879 (23.2) 243 (27.7) 

 Secondary II (10-11) 1,638 (32.7) 126 (37.5) 1,166 (30.8) 346 (39.4) 

 Secondary III (12+) 1,156 (23.1) 81 (24.1) 914 (24.1) 161 (18.3) 

HIV-positive, biologically confirmed 350 (8.3) 30 (9.8) 288 (9.2) 32 (4.1) 

Circumcised 338 (6.6) 338 (100.0) 0 (0.0) 0 (0.0) 

Ever had sex           2,335 (45.5) 164 (48.5) 1,886 (48.5) 285 (31.8) 

Sexually active1  2,190 (42.7) 155 (45.9) 1,774 (45.6) 261 (29.1) 

Any sexual behavior associated with 

increased risk of HIV transmission2 

537 (12.7) 44 (15.7) 422 (13.3) 71 (8.9) 

 No condom use, last sex  317 (7.1) 27 (9.2) 247 (7.4) 43 (5.2) 

 Never use condoms, last partner  662 (12.9) 45 (13.3) 552 (14.2) 65 (7.3) 

 Concurrent partners  339 (6.7) 23 (6.9) 263 (6.7) 53 (6.0) 

 Multiple partners, past 12 months  310 (6.2) 25 (7.6) 245 (6.5) 40 (4.6) 

Sample size 5,127 338 3,892 897 

*Denominators differ slightly due to differences in missing data.  

1Participants reported sex in the past 12 months. 

2For this outcome, participants reported at least one of the following: (1) no condom use at last sex; (2) never using condoms 

with last sexual partner; (3) concurrent sexual partners; (4) multiple sexual partners in the past 12 months. 
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Figure 1.  Effect of incidence circumcision on sexual activity (dark blue) and sexual behaviors 

associated with increased risk of HIV transmission (light blue).  

 

 

We measured effect sizes (percentage point changes) using linear probability model with individual fixed effects. 

Sexual behaviors associated with increased risk of HIV transmission included at least one of the following 

behaviors: no condom use at last sex, never using condoms with the last sexual partner, concurrent sexual 

partners at present, and multiple sexual partners in the past 12 months (effect size estimates for these in hollow 

blue).  
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Figure 2. Effect of time since circumcision on (a) sexual activity and (b) sexual behaviors associated 

with increased risk of HIV transmission.  

 

 

We measured effect sizes (percentage point changes) using linear probability model with individual fixed effects. 

Our reference category was one year prior to circumcision. Sexually active participants reported having had sex in 

the past 12 months. Sexual behaviors associated with increased risk of HIV transmission included: no condom use 

at last sex, never using condoms with the last sexual partner, concurrent sexual partners at present, and multiple 

sexual partners in the past 12 months.  
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Appendix Table 1. Sensitivity analyses: effect of VMMC on recent sex and sexual behaviors associated with increased risk of HIV 

transmission 

Circumcision status: 

Recent sex, past 

12 months 

No condom use, 

last sex 

Never use 

condoms with 

last partner 

Concurrent 

partners 

Multiple 

partners, past 12 

months 

Any HIV risk-

related sexual 

behavior 

PP (95% CI) PP (95% CI) PP (95% CI) PP (95% CI) PP (95% CI) PP (95% CI) 

       

Sensitivity analysis 1: Complete case analysis 

       

Non-circumcised ref ref ref ref ref ref 

Circumcised 0.0 (-1.2 to 1.3) -1.2 (-3.8 to 1.3) -1.6 (-4.1 to 0.8) -2.5 (-3.5 to 0.6) -0.2 (-2.2 to 1.8) -1.2 (-4.2 to 1.7) 

N 5,061 4,162 5,062 4,950 4,860 3,938 

       

Sensitivity analysis 2: Dropped individuals with errors in circumcision status self-reporting 

       

Non-circumcised ref ref ref ref ref ref 

Circumcised -0.4 (-1.8 to 1.0) -1.9 (-4.7 to 0.9) -1.3 (-4.0 to 1.4) -1.1 (-3.4 to 1.2) -0.4 (-2.6 to 1.9) -1.3 (-4.5 to 2.0) 

N 4,934 4,051 4,935 4,828 4,730 3,828 

       

Abbreviations: voluntary medical male circumcision (VMMC); percentage point change (PP); confidence interval (CI) 

We measured effect sizes (percentage point changes) using linear models with individual fixed effects. Any HIV risk-related sexual 

behaviors included at least one of the following four behaviors: not using a condom at last sex, never using condoms with the last 

sexual partner, concurrent sexual partners at present, and multiple sexual partners in the past 12 months (effect size estimates for 

these in hollow blue).  
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Appendix Table 2. Sensitivity analyses: effect of time since circumcision on recent sex and sexual behaviors associated with increased risk 

of HIV transmission. 

Time since VMMC: 

Recent sex, past 

12 months 

No condom use, 

last sex 

Never use 

condoms with 

last partner 

Concurrent 

partners 

Multiple 

partners, past 12 

months 

Any HIV risk-

related sexual 

behavior 

PP (95% CI) PP (95% CI) PP (95% CI) PP (95% CI) PP (95% CI) PP (95% CI) 

       

Sensitivity analysis 1: Complete case analysis 

       

>1 year prior -0.9 (-2.7 to 1.0) -2.2 (-5.8 to 1.3) -0.7 (-4.1 to 2.8) -0.9 (-3.8 to 2.0) 0.2 (-3.1 to 2.6) -1.6 (-5.7 to 2.4) 

1 year prior ref ref ref ref ref ref 

1 year post -0.4 (-2.0 to 1.2) -2.2 (-5.3 to 0.9) -1.9 (-4.9 to 1.1) -1.3 (-3.9 to 1.3) 0.4 (-2.1 to 2.9) -1.5 (-5.0 to 2.1) 

>1 year  post -1.1 (-2.2 to 2.0) -2.1 (-6.2 to 2.1) -2.1 (-6.0 to 1.9) -2.9 (-6.3 to 0.4) -1.7 (-5.0 to 1.6) -2.8 (-7.6 to 2.0) 

N 5,061 4,162 5,062 4,950 4,860 3,938 

       

Sensitivity analysis 2: Dropped individuals with errors in circumcision status self-reporting 

       

>1 year prior -0.6 (-2.6 to 1.4) -1.6 (-5.5 to 2.2) 0.2 (-3.5 to 4.0) -0.8 (-4.0 to 2.4) -0.1 (-3.2 to 3.0) -2.6 (-7.0 to 1.8) 

1 year prior ref ref ref ref ref ref 

1 year post -0.5 (-2.2 to 1.3) -2.9 (-6.2 to 0.5) -1.3 (-4.6 to 2.0) -0.8 (-3.6 to 2.0) 0.6 (-2.1 to 3.4) -2.3 (-6.1 to 1.6) 

>1 year  post -1.1 (-3.7 to 1.4) -1.9 (-6.9 to 3.0) -1.0 (-5.8 to 3.8) -3.0 (-7.0 to 1.1) -2.9 (-6.8 to 1.0) -2.6 (-8.3 to 3.1) 

N 4,934 4,051 4,935 4,828 4,730 3,828 

       

Abbreviations: voluntary medical male circumcision (VMMC); percentage point change (PP); confidence interval (CI) 

We measured effect sizes (percentage point changes) using linear models with individual fixed effects. Any HIV risk-related sexual 

behaviors included at least one of the following four behaviors: not using a condom at last sex, never using condoms with the last 

sexual partner, concurrent sexual partners at present, and multiple sexual partners in the past 12 months (effect size estimates for 

these in hollow blue).  
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Appendix Table 3. Sub-group analyses: effect of VMMC on recent sex and sexual behaviors associated with increased risk of HIV 

transmission 

Circumcision status: 

Recent sex, past 

12 months 

No condom use, 

last sex 

Never use 

condoms with 

last partner 

Concurrent 

partners 

Multiple 

partners, past 12 

months 

Any HIV risk-

related sexual 

behavior 

PP (95% CI) PP (95% CI) PP (95% CI) PP (95% CI) PP (95% CI) PP (95% CI) 

       

Sub-group 1: Age at baseline < median (18 years) 

       

Non-circumcised ref ref ref ref ref ref 

Circumcised -0.7 (-3.5 to 2.0) -1.8 (-8.1 to 4.4) -3.9 (-8.9 to 1.2) -3.9 (-8.3 to 0.6) -1.7 (-6.1 to 2.7) -2.0 (-9.6 to 5.7) 

N 2,617 1,799 2,618 2,533 2,430 1,606 

       

Sub-group 2:  Age at baseline > median (18 years) 

       

Non-circumcised ref ref ref ref ref ref 

Circumcised 0.5 (-0.4 to 1.5) -0.6 (-2.4 to 1.2) -0.1 (-1.9 to 1.7) -0.3 (-1.7 to 1.2) 0.2 (-1.2 to 1.5) -1.0 (-3.1 to 1.1) 

N 2,504 2,404 2,504 2,475 2,479 2,365 

       

Abbreviations: voluntary medical male circumcision (VMMC); percentage point change (PP); confidence interval (CI) 

We measured effect sizes (percentage point changes) using linear models with individual fixed effects. Any HIV risk-related sexual 

behaviors included at least one of the following four behaviors: not using a condom at last sex, never using condoms with the last 

sexual partner, concurrent sexual partners at present, and multiple sexual partners in the past 12 months (effect size estimates for 

these in hollow blue).  
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Appendix Table 4. Sub-group analyses: effect of time since circumcision on recent sex and sexual behaviors associated with increased risk 

of HIV transmission. 

Time since VMMC: 

Recent sex, past 

12 months 

No condom use, 

last sex 

Never use 

condoms with 

last partner 

Concurrent 

partners 

Multiple 

partners, past 12 

months 

Any HIV risk-

related sexual 

behavior 

PP (95% CI) PP (95% CI) PP (95% CI) PP (95% CI) PP (95% CI) PP (95% CI) 

       

Sub-group 1: Age at baseline < median (18 years) 

       

>1 year prior -3.5 (-7.6 to 0.7) -6.2 (-15.4 to 3.1) -4.8 (-12.5 to 2.9) -2.2 (-8.9 to 4.6) -0.3 (-7.0 to 6.4) -3.1 (-14.5 to 8.3) 

1 year prior ref ref ref ref ref ref 

1 year post -2.2 (-5.9 to 1.4) -6.7 (-14.9 to 1.5) -5.7 (-12.5 to 1.1) -3.4 (-9.3 to 2.6) -0.7 (-6.6 to 5.2) -2.9 (-12.9 to 7.1) 

>1 year  post -2.9 (-7.4 to 1.5) -2.0 (-12.2 to 8.1) -7.2 (-15.4 to 1.1) -7.3 (14.5 to -0.0) -3.6 (-10.8 to 3.6) -4.4 (-16.7 to 7.9) 

N 2,617 1,799 2,618 2,533 2,430 1,606 

       

Sub-group 2:  Age at baseline > median (18 years) 

       

>1 year prior 0.5 (-7.6 to 1.7) -0.9 (-3.2 to 1.5) 1.7 (-0.8 to 4.1) -0.4 (-2.3 to 1.5) 0.0 (-1.8 to 1.9) -1.0 (-3.8 to 1.7) 

1 year prior ref ref ref ref ref ref 

1 year post 0.4 (-0.6 to 1.5) -0.0 (-2.1 to 2.00 0.4 (-1.8 to 2.5) -0.3 (-2.0 to 1.4) 0.7 (-0.9 to 2.3) -0.7 (-3.2 to 1.7) 

>1 year  post 1.4 (-0.0 to 2.9) -3.1 (-6.0 to -0.1) 1.0 (-1.9 to 4.0) -0.6 (-3.9 to 1.7) -1.0 (-3.3 to 1.2) -3.1 (-6.5 to 0.4) 

N 2,504 2,404 2,504 2,475 2,479 2,365 

       

Abbreviations: voluntary medical male circumcision (VMMC); percentage point change (PP); confidence interval (CI) 

We measured effect sizes (percentage point changes) using linear models with individual fixed effects. Any HIV risk-related sexual 

behaviors included at least one of the following four behaviors: not using a condom at last sex, never using condoms with the last 

sexual partner, concurrent sexual partners at present, and multiple sexual partners in the past 12 months (effect size estimates for 

these in hollow blue).  

 

 

 

   


