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ABSTRACT

Introduction: The protective benefit of male
circumcision against spreading HIV is well estab-
lished. Aim: The objective of this Meta-analysis
was to investigate behavioral risk compensation
measured as the change in condom use behavior
in light of knowledge of the benefits of circumci-
sion. Material and Methods: A systematic search
was conducted from 6 bibliographic databases
for studies that quantitatively assessed a link
between male circumcision and condom use be-
havior. Pooled odd ratios (OR) of condom use dur-
ing any sexual activity were generated from three
cohort studies and two Randomized Control Trails
(RCT) that were included in the review. Results:
The pooled effects from cohort and RCTs were
not statistically significant at 6 months follow-
up (OR=0.91, 95% Cl: 0.57-1.45), at 12 months
(OR=1.08, 95% Cl=0.87-1.34) and 24 or more
months (OR=1.11, 95% Cl: 0.85, 1.45). Conclusion:
Male circumcision does not influence condom use
behavior in the medium and short term.
Keywords: Condom use, behavioral change, cir-
cumcision, sexual health.

1. INTRODUCTION

For more than three decades, HIV/AIDS has
devastated many parts of the world and in re-
sponse researchers and policy makers have come
together to develop ways of combating its spread.
Circumcision is one of the most recent prevention
technologies and it entails the surgical removal
of the foreskin among males. Circumcision modi-
fies penile biological factors such as the degree of
tissue keratinization, density and superficiality of
HIV target cells as well as alteration of the penile
micro environment. This reduces intercourse re-
lated trauma and the possibility of retaining in-
fectious secretions below the foreskin all of which

work to reduce the likelihood of infection (1). On
13 December 2006, the United States of America
National Institutes of Health announced that two
randomized control trials (RCT) (2, 3) were to be
halted prematurely because of a clear exhibition
of the evidence of the protective benefits of this
procedure against spreading HIV infection (2).
This resulted into policy level implementation in
some countries (3).

However, in one of the trials (4) that are fronted
confirming the protective benefits of the proce-
dure, it was found that there were increases in
risky behaviors such as unprotected sex and
number of sexual partners. Behavioral change
preceded by possession of knowledge of protec-
tive benefits is referred to as behavioral risk com-
pensation. In general terms, it entails an increase
in a risky behavior as a result of someone having
knowledge which leads to a perception of reduced
vulnerability to the disease (5, 6). In relation to
male circumcision (MC) and condom use behavior
for example, risk compensation would imply a
reduction in condom use following circumcision
and knowledge of its protective benefits against
infection.

Amongst some individuals and communities,
fears that MC may impede other protective sexual
behaviors have been expressed (7-9). At the back
end of stagnation in HIV infection rates (10), the
claim of risky sexual behavior disparities such
as condom use between circumcised and un-
circumcised individuals may not be completely
unfounded. However, the practicability of assess-
ing condom use behavioral risk compensation at-
tributable to MC from existing literature is limited
given that very few experimental or longitudinal
studies have been conducted after the establish-
ment of clear evidence of the MC’s protective
benefits against sexually transmitted infections.
The definition of risk compensation (5, 6) war-
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rants that individuals possess knowledge of the protective
benefits of circumcision. Nonetheless, in order to investigate
whether the prevailing fears about circumcision’s impediment
of condom use are founded, evidence can be sourced from
currently existing experimental and longitudinal studies on
MC and related sexual behavior prior to and after establish-
ment of the veridicality of the knowledge of the procedure’s
benefits. With the haste with which circumcision is being
implemented in many countries it is imperative to establish
whether circumcision and sexual behaviors such as condom
use might be related since circumcision only confers partial
protection against sexually transmitted infections (11).

The aim of this study is to review and summarize evidence
on the association between male circumcision and condom
use behavior from existing scientific literature. The results
of the review should add to the existing evidence regarding
the protective benefits of circumcision and ensure that the
protective benefits of the procedure are not disaffirmed by
more reckless sexual behavior.

2. METHODS

Identification of studies

Relevant studies were systematically searched in 6 bib-
liographic databases of: PubMed, Embase, Applied Social
Sciences Index & Abstracts (ASSIA), PsycINFO, Scopus and
Web of Science. The search terms comprised of subject head-
ings and Boolean operators in titles, abstracts, topics and
keywords. The search words used were circumcision, and
risk compensation. Additionally, a snowballing technique
was applied by searching through reference lists of identified
articles to access more articles which had not been identified
from the database search. The database search was conducted
by the first and second author for studies published until
August 15 2017.

Study Eligibility

Cohort and experimental studies that documented both
circumcision and condom use behavior were eligible for
inclusion in the review. The studies included had to draw
samples from general populations, clearly explaining how the
assessments for the condom use behavior were conducted,
and also explicitly identify in which population group the as-
sessments were conducted. Studies also had to longitudinally
assess condom use behavior and as such all cross sectional
studies, systematic reviews and studies with results derived
from mathematical or theoretical modeling were excluded.
Citations that were in form of essays/commentaries or letters
to the editor were also excluded.

Data extraction

From each study, data including the author, date of pub-
lication, sample size, nature of the condom use behavior,
country in which study was conducted, study recruitment
period, the length of follow up, the statistical means of
measurement and the risk of bias were extracted. A uniform
outcome measure was then developed since condom use had
originally been assessed in various ways. Some studies (12,
13) had applied a categorical variable of 3 levelsi.e. consistent
condom use, inconsistent condom use and no condom use
while others documented condom use behavior in a binary
format i.e. unprotected intercourse in the last six months (4)
and condom use at last sex (14). For purposes of consistency,
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the outcome variable was reconstructed in terms of reported
condom use during any sexual activity for respective follow-
up period. This implied that the reported condom use that
was categorized as consistent, inconsistent and no condom
use was re-constructed by merging consistent condom use
and inconsistent condom use in to one group to which those
that reported no condom use during any sexual activity were
compared.

Statistical analysis

Using STATA 13 statistical software package (15), the RCTs
and cohort studies were quantitatively combined to generate
pooled effects (Odds ratio) of circumcision status on reported
condom use during any sexual activity at 6, 12 and 24 or more
months periods of follow-up. In order to generate these Odds
Ratios, 2x2 tables were extracted from the respective studies
as described below: From the study of Bailey and colleagues
(4), results presented in Table 4 of that paper were used.
From the variable, “Unprotected sexual intercourse with
any partner in the previous 6 months,” the OR for protected
sexual intercourse with any partner in previous 6 months was
computed. This was done for 6, 12 and 24 months follow-up.

From the study of Gray and colleagues (12) results in Table
6 of that paper were used to extract data on condom use. A
binary outcome was formed by combining the number of par-
ticipants for Consistent condom use and Inconsistent condom
use into one category to which the second category No condom
use was compared in order to compute the OR. This was done
for 6, 12 and 24 months follow-up. From the study of Wester-
camp et al (14), using results in Figure 3 (a) of that paper, we
considered the outcome of men that reported using condoms
the last time they had sex (among sexually active). The OR
for condom use during the last sexual activity was then
computed. This was done for 6, 12 and 24 months follow-up

From the study of Kagaayi et al. (16) using results in Table 2
of the paper, we considered the outcome of men that reported
using condoms during their last non-marital sex. The OR for
condom use during the last non-marital sex was then com-
puted. This was done for 24 or more months’ follow-up period

From the study of Agot and colleagues (13), using results
from Table 4 of that paper, the data on condom use were
considered. A binary outcome was formed by combining the
number of participants who reported consistent condom use
and inconsistent condom use into one category to which the
second category of those that reported No condom use was
compared to compute the OR. This was done for two follow-up
periods of: 4 to 6 and 9 to 12 months follow-up.

Three sets of Meta analyses were conducted for results
from 6 months, 12 months and 24 months’ follow-up periods.
However, one prospective study (13) had follow up periods
ranging between 4-6 months and then 9-12 months and so
these were classified under 6 months and 12 months follow-up
periods respectively. The other prospective study (16) had a
follow-up period between 15-21 months and so this was clas-
sified under 24 or more months’ follow-up period. Assessment
of statistical heterogeneity was done using the Cochran’s Chi
square statistic. Upon all the 3 sets of Meta analyses fulfilling
heterogeneity, DerSimonian and Laird random effects meta-
analysis was conducted. We used the Cochrane collaborations
tools (17) for assessing risk of bias in RCTs and cohort studies.
Sensitivity analysis was also conducted after reconstructing
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Stu¢.1y Author S.ample Measure Follow-up (months) R!Sk of Country Rec'runment
design size bias period

Bailey et al 2007 (4) | 2,784 | unprotectedsexwithanypartnerin |, 50 15 4g 50 0w | Kenya | 2002-2005
RCT previous 6 months

Gray etal 2007 (12) | 4,996 Eggs'smm/ Inconsistent/ No condom | o, Low |Uganda | 2004-2006

\éV(;elsZe(rlcz)mp etal 3,186 Condom use at the last time of sex 6,12,18,24 Low Kenya |2008-2010
Cohort - - -

Agot et al 2007 (13) 648 Consistent/inconsistent/No condom Between 4-6 Low Kenya | 2002-2004

use Between 9-12
E(laég)aayl etal 2016 4,907 Condom use at last non-marital sex Between 15-21 Low Uganda | 2008-2011

Table 1. Characteristics of studies included in the review

the outcome variable. For this analysis, the reported condom
use that was categorized as consistent, inconsistent and no
condom use was re-constructed by leaving out the category of
inconsistent thereby obtaining a binary outcome of consistent
condom use and no condom use. Three sets of Meta analyses
were conducted for results from 6 months, 12 months and 24
months’ follow-up periods similar to that described earlier
in the analysis section.

3. RESULTS

Out of the 14 potentially eligible studies that were identi-
fied from systematic literature search, 5 studies were included
in this review (Figure 1). Of the excluded studies, four studies
(11, 18-20) had insufficient or unclear assessment of condom
use behavior, three studies (21-23) were excluded because
they were longitudinal studies embedded in studies already
included in the review and one observational cohort study

361 citations systematically retrieved
5  identified  from  the

from searching PubMed, Embase, . .
snowballing technique

ASSIA, PsycINFO, Scopus and Web

of Science

190 duplicate

citations deleted

176 citations screened
for eligibility / o \
57 citations  were
excluded based on
title/abstract

28 Essay/letter to
editor or comment
were excluded

14 full-text articles were

assessed for inclusion 67 cross  sectional

studies

6 Mathematical
models

Exclusion based on the

full text assessment:

5 insufficiently assessing
risk compensation

3 Longitudinal studies
embedded  in
RCTs

5 studies included in the
carlier

systematic review

1 conducted in special

high risk group

(24) was excluded because it was conducted between 1993
and 1997 where knowledge about the protective effect of
male circumcision may not have been present. To avoid any
doubts concerning the lack of knowledge of the protective
effect of circumcision among study participants, this study
was excluded from the meta-analyses.

Study %
D OR (95% Cl) Weight
Bailey et al 2007 0.95(0.81,1.11) 2589

Gray etal 2007 1.36 (1.19,1.55)  26.12

FR

Westercamp et al 2014 0.51(0.43,0.60) 25.81

T D

Agot et al 2007
Overall (I-squared = 96.3%, p = 0.000) <:>

NOTE: Weights are from random effects analysis

1.03 (0.69,1.55) 22.18

0.91(0.57,1.45)  100.00

T T
434 1 23

Figure 2. Three forest plots of studies assessing effect of
circumcision status on reported condom use

Study %

D OR (95% Cl) Weight
Bailey et al 2007 —_— 0.86(0.73,1.01)  27.98
Gray etal 2007 ] 097 (0.85,1.11)  29.41

Westercamp et al 2014 —— 1.29(1.10, 1.52) 27.65

) 148(098,223) 1495

Overall (I-squared = 81.5%, p = 0.001) <:>

NOTE: Weights are from random effects analysis

Agot et al 2007

1.08(0.87,1.34) 10000

T T
449 1 223

Figure 2b. Circumcision and condom use, 12 month follow up

Study %

D OR (95% Cl) Weight
Bailey et al 2007 0.79(0.64,0.97)  24.49
Gray et al 2007 1.01(0.83,1.22)  24.90
Westercamp et al 2014

——————— 146(1.25,1.72) 2594

Kagaayi et al 2016 _— 1.26(1.04,1.54)  24.68

NOTE: Weights are from random effects analysis

Overall (I-squared = 87.6%, p = 0.000) 1.11(0.85, 1.45) 100.00

T T
582 1 172

Figure 1. Flow chart of literature research
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Figure 2c. Circumcision and condom use, 24 months follow up
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For studies corresponding to the 6 months follow-up
period, the pooled Odds ratio was 0.91 (95% CI (0.57-1.45)).
Among the 4 studies in the 6 months follow-up period (Figure
2a), one of these studies (14) showed statistical significance for
lower odds of condom use among circumcised men (OR=0.51,
95% CI (0.43-0.60)), while another (12) showed statistical sig-
nificance for higher odds of condom use among circumcised
men (OR=1.36, 95% CI (1.19-1.55)) in spite of the pooled effect
not being statistically significant. A pooled Odds ratio of 1.08
(95% CI (0.87-1.34)) was obtained for studies that assessed
condom use related behavior at 12 months follow-up (Figure
2b). One study (14) among the 4 studies in the 12 months
follow-up period showed significant results for higher odds of
condom use among circumcised men (OR=1.29, 95% CI (1.10—
1.52)) although the overall pooled effect was not significant.
In a similar pattern, the results from the meta-analysis cor-
responding to 24 months follow-up period generated a pooled
0dds ratio of 1.11 95% CI (0.85-1.45). The results from the
sensitivity analysis were much similar to those obtained from
the main study analyses at 6 months follow-up (OR=0.87, 95%
CI: 0.55, 1.37), 12 months follow-up (OR=1.04, 95% CI: 0.84,
1.29) and 24 months follow-up (OR=1.03 (0.84, 1.26, 95% CI:
0.84, 1.26). ur assessment of the risk of bias across the studies
revealed that there was low risk of bias. The studies included
in this review had two potential sources of bias. The first is
that it is unclear how long is long enough for the accurate
assessment of condom use related behavioral changes after
circumcision. Secondly the major outcome (condom use) was
self-reported. The overall interpretation of the risk of bias is
that there might be some plausible bias within the studies but
this is unlikely to seriously alter the findings from the studies.

4. DISCUSSION

The meta analysis shows that the odds of condom use
among circumcised men compared to uncircumcised men at
6, 12 and 24 months follow up were 0.91 (95% CI: 0.57-1.45),
1.08 (95% CI: 0.87-1.34) and 1.11 (95% CI: 0.85, 1.45) respec-
tively. This overall finding implies that there is no significant
association between circumcision and condom use behavior
among males. Risk compensation is behavioral change that
occurs as aresult of someone having knowledge which leads
to a perception of reduced vulnerability to a disease (7, 8).
Particularly for the first RCTs establishing the beneficial ef-
fect of male circumcision it is safe to assume that the partici-
pants knew about or at least presumed the beneficial effect of
their circumcision, because the ethical conduct of research
mandates that participants are informed about the study,
its potential benefits and harms. To our knowledge there
are two intervention studies available, showing increases
in risky behaviors such as unprotected sex and number of
sexual partners in circumcised men (2, 3). One of them (3) is
considered in our meta-analysis. The other RCT had already
shown a slightly increased number of sexual contacts among
both circumcised and uncircumcised men at baseline, but
no difference in condom use (2). Sexual contacts decreased
over time compared to baseline and it was always a bit higher
among the circumcised as compared to uncircumcised men.
However, considering the increased risky sexual behavior of
the intervention group before circumcision, this small differ-
ence between both groups should be interpreted with caution.
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Unfortunately, condom use behavior was not followed up over
time, and therefore this study (2) could not be considered in
the meta-analysis. Additionally, one would expect that risk
compensation will be more present, as people are more aware
of the benefits of circumcision (25). However, the prospective
cohort study that began in 2008 after the first major published
RCTs (3, 4), also found no evidence of risk compensation
among circumcised men (14). Overall, the results of this meta-
analysis support the scale up of medical male circumcision as
an HIV prevention intervention as it does not affect existing
HIV preventive methods such as condom use.

In spite of the results being statistically insignificant,
with in the 6 months follow-up category, two (4, 14) of the 4
studies in the meta-analysis (one of which had statistically
significant results) showed lower odds of condom use among
circumcised males. Thus, there might be a tendency for newly
circumcised participants to engage less in protected sex as
compared to their uncircumcised counterparts. One of the
possible reasons for this observation at 6 months follow up
could be that newly circumcised men will generally engage
less in sexual activity due to the healing period following
circumcision (13). However after the healing period, circum-
cised men may engage in risky sexual activities due to the
urge to experiment sexual performance after removal of the
penile foreskin (13). However, with the pooled OR not being
statistically significant, the argument that circumcised men
might use condoms less remains, but an assertion.

In the meta-analysis of studies corresponding to longer
follow-up periods (i.e. 12 months and 24 or more months);
even though the pooled result is not statistically significant,
it appears that the lower odds of condom use or the possibil-
ity of risky behavior in relation to condom use becomes less
apparent compared to the 6 months follow-up period. The
odds ratio approaches and crosses over the null at 12 months
(OR=1.08 CI: 0.87-1.34), and persists at longer periods of follow
up i.e. 1.11 (95% CI: 0.85-1.45). This implies that circumcised
and uncircumcised males may not differ in their condom
use behavior. In fact, a qualitative study (26) showed that
circumcised men are more likely to maintain or improve their
condom use behavior after the procedure. Another study (27)
done to compare the sexual behaviors of circumcised to un-
circumcised men found that although circumcised men were
more likely to exhibit risky sexual behavior such as combin-
ing drinking alcohol with extra marital sex, they were no
more likely to use condoms compared to their uncircumcised
counterparts. The first limitation of the review is that while
generating our main outcome variable of reported condom use
during any sexual activity for the meta-analyses, we merged
the group of males that reported consistent condom use with
those that reported inconsistent condom use. Additionally,
the other 2 binary outcomes that formed this main outcome
variable were also quite dissimilar i.e. condom use at last sex
and unprotected intercourse in the last six months. This im-
plies that the condom use outcome does not exactly represent
sustained condom use practices during the follow-up periods.
This also implies that there is a possibility that condom use
among males might have been under assessed. These two
sources of bias could drive the odds ratio either to or away
from the null, which is why in the sensitivity analysis we left
out the category of inconsistent condom use. We did not find
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any major differences between results from our sensitivity
analysis and those from main study analyses thus implying
that the possibility of under assessment is less likely.

In addition, given that condom use is self-reported, there
is a possibility of social desirability bias. It is a bias in re-
ported assessments where respondents answer questions
in a way that puts them in a favorable light as a result of
ego-defensive or impression management reasons (28). It is
difficult to ascertain whether those who reported consistent
use of condoms actually used them consistently. However,
the review drew consistent evidence from RCT and cohort
studies and thus it is unlikely that this bias gravely affected
the results of this study.

5. CONCLUSIONS

This review has revealed that, circumcision is not associ-
ated with changes in condom use behavior up to 24 months af-
ter circumcision took place. However, apart from the random-
ized control trials that established the biological protective
effect of male circumcision, only one longitudinal study has
been published reporting the same results. Future research
would benefit from investigating the long term benefits and/
or shortcomings of circumcision besides the biological protec-
tion that it confers. The review also established that condom
use was inconsistently assessed among the studies. Future
research should focus on developing a standardized tool for
assessing condom use as this could improve comparability as
well as the assessment of the success of HIV preventive efforts.
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the idea to do a meta-analysis. Literature search was done by
SNK and DS. SNK prepared the first draft of the manuscript
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