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Summary

Background—Medical male circumcision (MMC) reduces HIV infection among heterosexual 

men. There are concerns MMC might prompt higher-risk sexual behaviours because of lower 

self-perceived risk of HIV infection. We reviewed the published literature to examine associations 

between MMC and both condom use and number of sex partners among heterosexual men.

Methods—In this systematic review and meta-analysis, we searched PubMed, Embase, and the 

Cochrane Library for studies published before Nov 15, 2020. Interventional and observational 

studies were included if they contained original quantitative data describing the association 

between MMC and condom use or number of sex partners among heterosexual men. We excluded 

data from men whose circumcisions were ritual or religious and data from men who have sex 

with men. We extracted odds ratios (ORs) and 95% CIs for the associations between MMC and 
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condomless sex and MMC and multiple sex partners directly from the publications if available, 

selecting adjusted ORs when provided; when necessary, we calculated ORs and 95% CIs using 

original study data provided in the publication. We used the Mantel-Haenszel random effects 

model to calculate pooled ORs and 95% CIs.

Findings—Our search yielded 3035 results, of which 471 were duplicates and 2537 did not meet 

the inclusion criteria. From the remaining 27 eligible studies, we identified 99 292 men from 

31 independent population samples. 24 studies were done in Africa. We found no statistically 

significant associations between MMC and condomless sex (OR 0·91, 95% CI 0·80–1·05; k=30; 

I2=88·7%) or multiple sex partners (1·02, 0·88–1·18; k=27; I2=90·1%). No associations between 

MMC and condomless sex or multiple sexual partners were found in any subgroup analyses by 

study design, income of country, age, recruitment setting, circumcision assessment, circumcision 

prevalence, and risk of publication bias.

Interpretation—The promotion of circumcision as an HIV preventive measure does not appear 

to increase higher-risk sexual behaviours in heterosexual men. Ongoing sexual health education 

should be maintained as a vital component of effective MMC programmes.

Introduction

Three large randomised controlled trials (RCTs) with a combined total of approximately 

11 000 participants, conducted in Africa, showed that medical male circumcision (MMC) 

could reduce the risk of female-to-male HIV transmission by more than 50%.1–3 

Immunohistological and histopathological studies have found that there is a high density 

of HIV target cells in the inner mucosa of the foreskin,4,5 suggesting, from a biological 

perspective, that circumcision could reduce the risk of HIV infection in men. A 

mathematical model estimated that if 28·8 million men in Africa were to undergo MMC 

to prevent HIV between 2011 and 2025, 3·4 million new HIV infections could be prevented, 

saving US$16·5 billion in health-care expenses.6,7 WHO and UNAIDS recommended MMC 

as a key HIV prevention strategy for heterosexual men.

As MMC is promoted as an HIV prevention strategy, an emerging concern is sexual 

risk compensation among heterosexual men, whereby sexual risk-taking is higher after 

circumcision, which could offset some or all of the protective benefits of circumcision.8,9 

After undergoing MMC, men could develop a lower perceived risk of HIV infection, 

which might lead to higher-risk sexual behaviours, including condomless sex and more 

sex partners. If heterosexual men have more sex partners and less condom use following 

circumcision, the result could be an increased transmission of HIV and other sexually 

transmitted infections.10

There is disagreement in the published literature describing associations between MMC and 

risk compensation. Some studies found that, following MMC, men had lower condom use 

and a higher number of sex partners.11–13 Similarly, risk compensation has been reported 

in several qualitative studies.14–16 However, some studies found that, following MMC, men 

had a higher frequency of condom use and fewer sex partners.17,18 A 2018 meta-analysis of 

five studies reported no association between MMC and condomless sex among heterosexual 

men.19 A definitive association between MMC and risk compensation remains uncertain. We 
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conducted an updated meta-analysis to explore the association between MMC and condom 

use and MMC and number of sex partners among heterosexual men.

Methods

Search strategy and selection criteria

Our systematic review and meta-analysis were performed according to PRISMA20 and 

MOOSE21 guidelines. We searched PubMed, Embase, and the Cochrane Library for studies 

published in the English language before Nov 15, 2020. We used the following search 

string combination (“male circumcision” OR “uncircumcised” OR “circumcised”) AND 

(“condom” OR “condomless” OR “unprotected sex” OR “sexual partner” OR “sex partners” 

OR “multiple partners” OR “group sex” OR “risk behaviour” OR “risk compensation”). We 

screened references of eligible full-text articles and relevant review articles for additional 

eligible publications.

Eligible studies included those that used circumcision status as a study variable and reported 

condom use or number of sex partners. RCTs, cohort, case-control, and cross-sectional 

studies, were eligible for inclusion. We excluded studies that only reported on behaviours 

related to traditional circumcision, given the many different types (ritual or religious) of 

traditional circumcision in the world, the heterogeneity of technique and completeness of the 

procedure in these settings, and their typical use before sexual debut. We excluded studies 

reporting data for men who have sex with men since it is uncertain whether circumcision 

reduces the risk of male-to-male transmission of HIV. We excluded studies that only 

included participants who were HIV positive. We included multiple publications from an 

individual study only when different publications reported data on different independent 

populations. When one study publication included multiple independent data samples, we 

reported them separately. Two authors (YG and HZ) independently assessed each study for 

eligibility. Disagreements were resolved by jointly reviewing the paper in question and in 

consultation with other coauthors as needed.

Data analysis

The following information was extracted from each publication selected for inclusion: 

author, publication year, study country, participant recruitment date, study design, length 

of follow-up or duration of retrospective assessment, recruitment setting, method of 

ascertaining circumcision status, sample size, age of circumcised participants (mean or 

median, as reported), the proportion of circumcised men, frequency of condom use (as per 

authors’ chosen metric), and number of sex partners (in a lifetime, or in a certain period). 

Study countries were grouped by WHO regions and World Bank income level.22

We used the Newcastle-Ottawa Scale23 to assess the methodological quality of cohort 

studies and used an adapted version of the Newcastle-Ottawa Scale for assessing cross-

sectional studies.24 We assessed risk of bias in RCTs using the method described in the 

Cochrane Handbook of Systematic Reviews of Interventions.25,26 From the papers reviewed, 

we derived a uniform outcome measure to account for the varying approaches of measuring 

condom use and the number of sex partners. Detailed methods are presented in the appendix 
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(pp 3–9). We used odds ratios (ORs) and their 95% CIs to describe associations between 

MMC and condomless sex and MMC and multiple sex partners, with an OR of greater than 

1·0 indicating higher risk of increased condomless sex or increased multiple sex partners. 

We extracted ORs and 95% CIs from publications when possible, selecting adjusted ORs 

when provided. When necessary, we calculated ORs and 95% CIs using original study data 

provided in the publication. When ORs for different follow-up timepoints were reported, we 

extracted the last follow-up timepoint to estimate the overall effect size of the intervention. 

We did a subgroup analysis of cohort studies and RCTs, in which we included and 

compared multiple follow-up timepoints from studies. In 2007, MMC was recommended 

as an effective HIV prevention strategy for heterosexual men so we specifically analysed 

studies conducted after 2007. As included studies differed in key characteristics, we used 

the Mantel-Haenszel random effects model to calculate pooled effect sizes. Our primary 

outcomes were pooled association estimates between MMC and condomless sex and MMC 

and multiple sex partners.

We used the I2 statistic to assess the level of statistical heterogeneity between the 

included studies, with I2 of less than 50% representing low heterogeneity, between 50% 

and 75% representing moderate heterogeneity, and greater than 75% representing high 

heterogeneity.27 When substantial heterogeneity was detected, univariate meta-regression 

analyses were used to investigate sources of heterogeneity. We did subgroup analyses 

by participant and study characteristics to compare pooled association estimates and 

heterogeneity. Publication bias was assessed through the Begg’s test and the Egger’s test.28 

We did sensitivity analyses to detect potential outliers by omitting one estimate at a time and 

recalculating the pooled estimates. We did our data analyses with Stata version 15.1. Details 

of the data extraction and analyses are provided in the appendix (p 10).

Role of the funding source

The funders had no role in study design, data collection, data analysis, data interpretation, or 

writing of the report.

Results

Our initial search yielded 3035 results, of which 471 were duplicates. Of the remaining 2564 

titles and abstracts reviewed, 2478 (82%) did not meet the inclusion criteria. We did a full-

text review of 86 (3%) of the 2564 articles, of which 59 were excluded (figure 1). 27 (1%) 

articles,2,3,11–13,17,18,29–48 including 31 samples of 99 292 heterosexual men, were eligible 

for our analysis. Of these, 24 studies were from Africa,2,3,11–13,17,18,29–34,36,37,39–44,46–48 

one from Europe,38 one from the Western Pacific region,45 and one from the Americas.35 

Four studies36,39,42,47 reported condom use only, one study reported number of sex partners 

only (≥2 vs ≤1),38 and 22 studies2,3,11–13,17,18,29–35,37,40,41,43–46,48 reported both condom 

use and number of sex partners. 11 (41%) of the 27 studies were cohort studies or RCTs, and 

16 (59%) were cross-sectional. Detailed study information is presented in the appendix (pp 

11–19).

Included studies were conducted between 1997 and 2018 and published between 1999 and 

2020. The number of participants enrolled in each study ranged from 194 to 9983. Mean 
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ages of circumcised participants ranged from 16·8 to 30·8 years (number of estimates [k]=9), 

and median ages varied from 17·0 to 32·0 years (k=12). The proportion of circumcised men 

ranged from 5·3% to 85·8% (median 45·0%, IQR 24·1–50·0; k=31). The proportion of men 

who had condomless sex ranged from 12·0% to 93·0% (median 61·0%, IQR 46·2–75·2; 

k=30) in cohort, RCT, and cross-sectional studies, and 18·5% to 93·0% (61·3%, 50·2–73·1; 

k=11) in RCTs or cohort studies. The proportion of men who had had at least two sexual 

partners ranged from 2·2% to 80·5% (median 28·9%, IQR 13·0–40·5; k=27) in cohort, RCT, 

and cross-sectional studies, and 2·2% to 59·5% (32·0%, 25·4–36·8; k=10) in RCT or cohort 

studies.

26 studies, including 30 samples of 93 897 heterosexual men, assessed the association 

between MMC and condomless sex. All men included in these studies lived in low-

income and middle-income countries (LMICs). MMC was not significantly associated with 

condomless sex (OR 0·91, 95% CI 0·80–1·05; k=30; I2=88·7%; figure 2). Subgroup analysis 

of six cohort and RCT studies2,3,29,31,34,36 showed no statistically significant change in 

condomless sex among circumcised men across different follow-up timepoints (figure 

3). Subgroup analyses also showed no statistically significant association between MMC 

and condomless sex by age, recruitment setting, circumcision assessment, circumcision 

prevalence, married or cohabiting prevalence, risk of bias, or study design (figure 4). 

Subgroup analyses of studies conducted after 2007 showed no statistically significant 

association between MMC and condomless sex (appendix p 24).

23 studies, including 27 samples of 88 457 participants, reported the association between 

MMC and number of sex partners. We found no statistically significant association between 

MMC and multiple sex partners (OR 1·02, 95% CI 0·88–1·18; k=27; I2=90·1%; figure 

5). Subgroup analysis of seven cohort studies and RCTs2,3,29,31–34 found no statistically 

significant change in multiple sex partners among circumcised men across different follow-

up time points (figure 3). There was no statistically significant difference between MMC and 

multiple sexual partners in subgroup analysis by country level of income, study design, 

age, recruitment setting, circumcision assessment, circumcision prevalence, married or 

cohabiting prevalence, or risk of bias (figure 6). Subgroup analyses of studies conducted 

after 2007 showed no statistically significant association between MMC and multiple sexual 

partners (appendix p 24).

We tested publication bias in studies that reported condomless sex (Begg’s test p=0·80, 

Egger’s test p=0·19) and multiple sex partners (p=0·74, p=0·079; appendix pp 27–28). 

Sensitivity analyses did not show any individual study had a significant disproportionate 

effect on the pooled association estimates between MMC and condomless sex or MMC and 

multiple sex partners (appendix pp 25–26). Significant heterogeneity was found in studies 

that reported condomless sex (I2=88·7%; figure 4) and multiple sex partners (I2=90·1%; 

figure 6). The high level of heterogeneity in studies that reported condomless sex was 

substantially lower, or absent, in study subgroups in which participants were recruited before 

2007, and in follow-ups of cohort studies or RCTs at 6 months, 12 months, 18 months, and 

24 months or later (I2 range 0–18·7%; figures 3, 4). For studies that reported multiple sex 

partners, low heterogeneity was seen in the following subgroups: follow-up of cohort studies 

or RCTs at 6 months, 12 months, and 24 months or later (I2 range 0–44·1%; figures 3, 6).
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Discussion

Our systematic review and meta-analysis found that MMC was not associated with increased 

condomless sex or multiple sex partners among heterosexual men. This lack of association 

persisted across a wide variety of subgroups. These findings might help alleviate concerns 

that widespread MMC programmes could lead to risk compensation and, therefore, reduce 

the benefit of MMC.

Our finding that MMC was not associated with more condomless sex is consistent with a 

previous meta-analysis of five cohort and experimental studies.19 Our review included 22 

additional studies, which enabled detailed subgroup analyses. Although our results were 

statistically insignificant, subgroup analyses of cohort studies and RCTs suggested that, 

following the MMC procedure, the point estimate of the OR changed slightly from 0·95 at 6 

months to 1·12 at 24 months or later. A possible reason behind this finding is that many large 

circumcision campaigns in Africa included free condom provision and health education to 

promote condom use. However, the positive effect of the health education component of 

these interventions on circumcised men might have declined over time. These results suggest 

sustained sexual health education is necessary after surgery.

We found no overall association between MMC and multiple sex partners. However, 

subgroup analyses of cohort studies and RCTs suggested that, following the MMC 

procedure, the point estimate of the OR changed slightly from 0·93 at 12 months or earlier 

to 1·00 at 18 months and 0·97 at 24 months or later. This slight change could be because 

circumcised men were advised to abstain from sex in the first few months after surgery 

or received a package of complementary risk-reduction services following the procedure.49 

Circumcised men had a shorter follow-up time (about 6 weeks less) than uncircumcised 

men.1–3 The effect of education on sexual risk behaviours among circumcised men might 

have declined over time, explaining why there was no change in multiple sex partners 

between circumcised and uncircumcised men after 12 months.

The possibility that male circumcision might reduce risk of HIV acquisition was first 

proposed in 1986.50,51 Before 2007, the effectiveness of MMC in reducing HIV infection 

was not well understood among either health-care workers, policy makers, or the general 

population. The three large-scale African RCTs that ended in late 20061–3 confirmed the 

high degree of efficacy of MMC in reducing HIV acquisition in heterosexual men. In 2007, 

WHO and UNAIDS recommended that MMC be offered as part of a comprehensive HIV 

prevention strategy in areas with high prevalence of heterosexually transmitted HIV and 

low rates of male circumcision. We found no association between MMC and condomless 

sex or MMC and multiple sex partners, either before or after 2007. Similarly, subgroup 

analyses of studies after 2007 showed no association between MMC and either type of 

risk compensation. Based on the WHO and UNAIDS recommendation, expanding access to 

safe MMC services is considered a priority in 14 countries in eastern Africa and southern 

Africa. MMC services are provided as a package of prevention measures, including safer 

sex education, condom education and provision, and HIV testing. We found no association 

between MMC and risk compensation in these priority countries (appendix p 24), and the 

odds of condomless sex (from 0·98 to 0·90) and multiple sex partners (from 1·18 to 0·99) 
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slightly decreased in circumcised men in these priority countries compared with that before 

2007 (appendix p 24; figures 4, 6). These findings could be because circumcised men 

accepted and benefited from a package of male circumcision services. It is plausible that 

the perceived protective effects of MMC do not significantly change sexual risk behaviours 

among circumcised men.

Modelling studies suggest that circumcising 80% of HIV-negative men aged 15–49 years 

within 15 years could prevent 3·4 million incident infections in LMICs.6,7,52 Difficulties 

exist in scaling up MMC programmes, including shortage of staff and capacity, limitations 

on clinical space and available equipment in some LMICs,53,54 and difficulties in 

implementing circumcision techniques as recommended by WHO and UNAIDS.55 From 

the standpoint of individuals, there remain several barriers to the uptake of MMC, including 

fear of pain, concerns about sexual abstinence after surgery, resistance from female partners, 

post-surgical sexual performance and satisfaction, cultural factors, and the loss of wages 

during and after the procedure.53,56–58 Another major barrier to MMC programmes is 

concern about risk compensation after surgery. However, a 2020 systematic review reported 

that circumcised men did not have higher-risk sex than uncircumcised men.59 Our results 

showed no evidence of post-MMC disinhibition in LMICs. The odds of having multiple sex 

partners among circumcised men was not notably different from that among uncircumcised 

men in LMICs. We found that there were no significant differences in condomless sex 

between circumcised men and uncircumcised men in LMICs, which could be due to globally 

supported HIV prevention campaigns in these countries.60

Findings from this meta-analysis are largely consistent with previous qualitative research 

on the same topic, with most men reporting that they adopt protective sexual behaviours 

(increase condom use or reduce the number of sexual partners) or maintained protective 

sexual behaviours after circumcision.61–65 However, some studies reported that circumcised 

men increased higher-risk sexual behaviours after circumcision because they falsely believed 

that MMC could offer complete protection from HIV infection,16,66,67 and one study from 

Zambia reported that about 30–40% of women incorrectly believed MMC fully protects men 

from getting HIV.68 In addition, some studies found that men were more likely to report 

higher-risk sexual behaviours after MMC or report false belief regarding the protective effect 

provided by circumcision if they had low levels of education, were married, had alcoholism, 

or had misconceptions regarding antiretroviral therapy; religious beliefs might also affect 

risk behaviour after MMC.39,69 Therefore, misconceptions about the effect of MMC indicate 

the need to strengthen risk reduction education, especially for specific groups, including 

those with lower education, married men, and men with alcoholism.

Our study has several limitations. First, about two-fifths of the included studies could be 

subject to high risk of bias, with high heterogeneity across these studies. Consequently, 

our results should be interpreted with caution. However, higher-quality studies did not 

provide substantial evidence of risk compensation for MMC in subgroup analyses. The 

Oxford Centre for Evidence-Based Medicine clearly states that not all systematic reviews 

with statistically significant heterogeneity need be worrisome, and not all worrisome 

heterogeneity need be statistically significant.70 The public health implication derived from 

the results is more important than the statistical heterogeneity. Previous modelling studies 
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reported that the benefit of MMC would only be offset when the rate of having multiple 

sexual partners increased by more than 200%,71 or that of having condomless sex rises by 

50%.72 In this review, only one study reported a decrease in the rate of condom use by 

more than 50%,12 and none reported an increase in the rate of having multiple partners by 

more than 200%, supporting the reliability of our findings. Second, since studies defined 

condomless sex in many ways, we redefined the primary outcome variables of reported 

condom use status during any sexual activity from a three-category variable (ie, consistent 

condom use vs inconsistent condom use vs no condom use) to a two-category variable (ie, 

inconsistent or no condom use vs consistent condom use) in the analyses, which might 

contribute to heterogeneity among studies. Nevertheless, a previous meta-analysis defined 

inconsistent condom use differently from our definition,19 and also found no evidence 

of risk compensation. Third, data on condom use and number of sex partners were self-

reported. Fourth, there is some evidence of publication bias according to Egger’s test and 

the funnel plot, which means statistically significant results are more likely to be published 

than non-significant results. As a result, recall bias and social desirability bias could be 

involved.73

In conclusion, our meta-analysis supports efforts to scale up MMC as an HIV prevention 

measure. This intervention is unlikely to encourage higher-risk sexual behaviours among 

heterosexual men. Nonetheless, to ensure that risk compensation is minimised, global 

programmes must strengthen long-term health education interventions within circumcision 

programmes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

We searched PubMed, Embase, and the Cochrane Library using the terms 

(“male circumcision” OR “uncircumcised” OR “circumcised”) AND (“condom” OR 

“condomless” OR “unprotected sex” OR “sexual partner” OR “sex partners” OR 

“multiple partners” OR “group sex” OR “risk behavior” OR “risk compensation”), 

for original studies, as well as systematic reviews and meta-analyses, published in the 

English language from inception to Nov 15, 2020. We found one previous meta-analysis, 

published in 2018, that found that medical male circumcision (MMC) was not associated 

with a change in condom use in the short term or medium term. This previous study 

included 16 521 heterosexual men from five studies. Association between MMC and 

multiple sex partners was not reported.

Added value of this study

Our systematic review of the literature reporting the association between MMC and risk 

compensation among men (excluding men who have sex with men) included 99 292 

heterosexual men from 27 studies, 22 of which had not been included in the existing 

meta-analysis. Our results showed no association between MMC and condomless sex 

or MMC and multiple sex partners among heterosexual men. Statistically significant 

associations were not found in subgroup analyses.

Implications of all the available evidence

Our systematic review and meta-analysis found that MMC is unlikely to encourage 

higher risk sexual behaviours among heterosexual men. This finding is encouraging to the 

scale-up of MMC as a proven HIV prevention measure. Nonetheless, it is necessary to 

maintain sexual health education after MMC.
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Figure 1: 
Flowchart of literature search
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Figure 2: Meta-analysis of the association between medical male circumcision and condomless 
sex among heterosexual men
OR=odds ratio. *Based on data from Auvert and colleagues’ 2007–08 study. †Based on data 

from Auvert and colleagues’ 2010–11 study. ‡Based on data from Kibira and colleagues’ 

2004 study. §Based on data from Kibira and colleagues’ 2011 study. ¶Based on data 

from Westercamp and colleagues’ 2008–09 study. ||Based on data from Westercamp and 

colleagues’ 2011 study. **Based on data from Westercamp and colleagues’ 2013 study.
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Figure 3: Association between medical male circumcision and condomless sex or multiple sex 
partners among heterosexual men, stratified by follow-up time
Pooled OR less than 1·0 indicates reduction of outcomes in the circumcised group compared 

with the uncircumcised group. OR=odds ratio. *One of the reports is a follow-up visit at 21 

months from a randomised controlled trial.
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Figure 4: Subgroup meta-analyses of the association between medical male circumcision and 
condomless sex among heterosexual men
OR=odds ratio. RCT=randomised control trial.
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Figure 5: Meta-analysis of the association between medical male circumcision and multiple sex 
partners among heterosexual men
OR=odds ratio. *Based on data from Auvert and colleagues’ 2007–08 study. †Based on data 

from Auvert and colleagues’ 2010–11 study. ‡Based on data from Kibira and colleagues’ 

2004 study. §Based on data from Kibira and colleagues’ 2011 study. ¶Based on data 

from Westercamp and colleagues’ 2008–09 study. ||Based on data from Westercamp and 

colleagues’ 2011 study. **Based on data from Westercamp and colleagues’ 2013 study.
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Figure 6: Subgroup meta-analyses of the association between medical male circumcision and 
multiple sex partners among heterosexual men
OR=odds ratio. RCT=randomised controlled trial.
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