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Abstract

Background

Penile coital injuries are one of the suggested mechanisms behind the increased risk of HIV

among uncircumcised men. We evaluated the prevalence and correlates of self-reported

penile coital injuries in a longitudinal community-based cohort of young (18–24 years old),

newly circumcised and uncircumcised men in Western Kenya.

Methods

Self-reported penile coital injuries were assessed at baseline, 6, 12, 18 and 24 months of fol-

low-up, and were defined as scratches, cuts or abrasions during sex, penile soreness during

sex, and skin of the penis bleeding during sex. Associations between penile coital injuries,

circumcision, sexual satisfaction, and other covariates were estimated with mixed effect

models.

Results

Between November 2008 and April 2010 3,186 participants were enrolled (1,588 into cir-

cumcision group and 1,598 as age-matched controls). Among 2,106 (66%) participants sex-

ually active at baseline, 53% reported any penile injury, including 44% scratches, cuts or

abrasions; 32% penile pain/soreness; and 22% penile bleeding. In multivariable modeling,

risk was lower for circumcised men than uncircumcised men for scratches, cuts and abra-

sions (aOR = 0.39; 95% CI 0.34–0.44); penile pain/soreness (aOR = 0.58; 95% CI 0.51–

0.65), penile bleeding (aOR = 0.53; 95% CI 0.46–0.62), and any penile coital injuries (aOR =

0.47; 95%CI 0.42–0.53). Other significant risk factors included increasing age, history of

STIs and genital sores, and multiple sex partners, while condom use was protective. Coital

injuries were significantly associated with lower levels of sexual satisfaction in longitudinal

analyses (scratches, cuts or abrasions: aOR = 0.87, 95% CI: 0.76–0.98; penile pain/
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soreness: aOR = 0.82, 95% CI: 0.72–0.93; and penile bleeding: aOR = 0.65, 95% CI: 0.55–

0.76).

Conclusions

Self-reported penile coital injuries were common and decreased significantly following cir-

cumcision. Improving sexual experience through the removal of a potential source of sexual

discomfort may resonate with many men targeted for circumcision services. The role of

penile coital injuries in sexual satisfaction, HIV, HSV-2, and as a motivator for seeking cir-

cumcision services should be explored further.

Introduction

Three randomized control trials (RCT) of male circumcision (MC) for HIV prevention in

Kenya [1], Uganda [2], and South Africa [3], have demonstrated the protective effect of male

circumcision against heterosexually-acquired HIV infection in men beyond any reasonable

doubt [4, 5]. While the exact biological mechanism by which MC affords this protection is not

known [6], there are a number of plausible explanations based on the cellular composition and

environment of the inner foreskin. The earliest hypotheses concerned the gross anatomy of

the uncircumcised penis, including the feasibility of potentially infectious secretions being

trapped in facilitating conditions beneath the foreskin [4, 7] and the increased surface area of

the inner foreskin [8, 9]. With the recognition that ulcerative STIs and other causes of genital

tract inflammation increase the risk of HIV infection [10, 11], the association between these

infections and circumcision offers additional possible explanation [7, 12–14]. Histologic exam-

ination and specific immune responses of the foreskin, and differences in the penile micro-

biome of circumcised and uncircumcised men offers another set of mechanisms [15–18]. Like

most biologic mechanisms, the protective effect of circumcision almost certainly represents a

complex system incorporating multiple explanatory factors [19–22].

One possible foreskin-associated HIV risk factor that is often mentioned, but that has not

received attention in empirical research, is the perception that preputial mucosa is compara-

tively fragile and prone to injury during intercourse [7, 8, 23–25]. One difficulty in determin-

ing the role of intercourse-associated mechanical injury to the penis in HIV infection is a lack

of consistent terminology or operational assessment. When discussed, mechanical penile inju-

ries are often referred to as minor epithelial disruptions, penile trauma, traumatic lesions, or

most recently as penile coital injuries, clarifying an integral sexual component [7, 12, 25–28].

Recent research in men participating in the Kenya RCT has shown that penile coital injuries

are more commonly reported among uncircumcised men [27], may be an important non-STI

cause of genital ulcer disease (GUD) [29], and increase the risk of Neisseria gonorrhoeae [30]

and HIV [31]. High pre-circumcision baseline prevalence of coital injuries was observed in a

circumcision cohort in the Dominican Republic, with a subsequent decline following circu-

micsion [32]. Outside of these populations there is little information available on coital injury

prevalence, associated factors, or related disease susceptibilities. Similarly, the potential associ-

ation between the coital injuries and sexual satisfaction remains largely unexplored.

To increase the understanding of the prevalence and correlates of penile coital injuries and

the potential effect on sexual satisfaction in a more general population, we evaluated three

types of self-reported penile coital injuries in a longitudinal community-based cohort of newly

circumcised and uncircumcised men in Nyanza Province, Kenya.
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Methods

Study design and participants

The study took place between November 2008 and January 2012 in one urban (Kisumu East)

and two rural (Nyando and Kisumu West) sub-counties in western Kenya. Additional study

details, sample description and the outcomes of the behavioral risk compensation assessment

have been previously described by Westercamp et al. [33]. To participate, men had to be uncir-

cumcised, 18 to 35 years old, live within the study area, and have no plans to relocate within

the next 2 years. Eligible men self-selected into the circumcision group by seeking circumci-

sion services at a voluntary medical male circumcision (VMMC) clinic within the study area,

and were recruited before risk-reduction counseling and the circumcision procedure itself

were completed. A control group was recruited from the community surrounding each

VMMC clinic site and frequency-matched to age and residence (community) of the circumci-

sion group. The controls were men who declined the opportunity to become circumcised

before enrollment in the study.

Participants provided written informed consent in their language of choice (English, Dho-

luo or Kiswahili) and were offered 200 Kenyan shillings (about $2.50) for each study visit to

cover travel expenses and loss of income. Ethical approval was obtained from the Kenyatta

National Hospital Ethics and Research Committee and the Institutional Review Board of the

University of Illinois at Chicago.

Study procedures

Study participants completed a detailed sexual history and behavioral questionnaire and had

their circumcision status visually confirmed by specially trained research assistants at each

study visit: baseline, and 6, 12, 18, and 24-month follow-up visits. All participants were uncir-

cumcised at baseline interview. Men who intended to become circumcised proceeded through

the normal VMMC clinic flow following the Kenyan government VMMC guidelines.

Study questionnaires were administered through audio computer-assisted self-interview

(ACASI) modules, developed in English, Dholuo, and Kiswahili. An equivalent paper-based

questionnaire was used at participant request or in cases of power outage at study facilities

(~30% of all questionnaires). The questionnaire instrument included items related to socio-

demographic characteristics, sexual behaviors, history of STIs, general reproductive health,

and sexual function and satisfaction including a set of questions addressing penile coital inju-

ries. All data were self-reported and no biological samples were taken.

Statistical analyses

Self-reported penile coital injuries were determined by asking men, “In the past 6 months . . .:

1) how often during sex did the skin of your penis get scratches, cuts, or abrasions? (labeled as

“scratches/cuts/abrasions” in the analyses); 2) how often during sex did your penis get sore?

(labeled as “pain/soreness” in the analyses); and 3) how often during or after sex did the skin

of your penis bleed? (labeled as “penile bleeding” in the analyses)” The response set was dichot-

omized for analysis as ever (by grouping always, often, sometimes or rarely) vs. never. To facil-

itate comparison, the penile injury assessment was the same as used by Mehta et al. in their

2010 evaluation of penile coital injuries in the Kenyan RCT and, to the extent possible, vari-

ables selected for analysis were kept consistent [27]. These variables included: condom use at

last sex, preference for dry sex, applying substances on penis before sex, self-reported STIs in

the past 6 months, genital hygiene after sex and circumcision status. Demographic (i.e., age,

marital status, education, employment and ethnicity) and behavioral (i.e., number of partners
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in the past 6 months) variables were also included in the analysis. Circumcision status was

treated as a time-varying covariate to accommodate crossovers. Pearson χ2 tests for categorical

variables and Kolmogorov-Smirnov two-sample test for non-normally distributed continuous

variables were used to assess baseline differences between circumcision and control group

participants.

Because reports of abrasions, scratches or cuts to the penis may represent a misclassification

of genital ulcers related to infectious etiologies, we identified men with more chronic GUD

symptoms by asking, “Have you experienced any sores on or around genitals in the past 6

months.” A visual genital exam was done to confirm circumcision status, but did not assess

genital health or STI signs.

Sexual satisfaction was assessed by asking participants, “In the past 6 months, how would

you generally rate your satisfaction with sexual intercourse?” The responses were dichoto-

mized for analysis as satisfied (by grouping very satisfied and satisfied) and dissatisfied (by

grouping very dissatisfied, dissatisfied, and unsure).

We compared penile coital injuries reported by circumcised and uncircumcised partici-

pants using random intercept mixed-effect models for binary outcomes to account for within-

subject correlation due to repeated measures. Penile coital injuries were modeled for each par-

ticipant as the linear slope over time assessed in 6-month intervals between the baseline and

the 24-month follow-up time. The model included circumcision group as a binary variable

and a group by time interaction to allow for varying trajectories between the two groups over

time. To quantify the differences between circumcised and uncircumcised men over 24

months, we estimated odds ratios (OR) for group effect through mixed-effect models by

excluding the circumcision by time interaction. All analyses were restricted to men sexually

active in the 6 months preceding the interview. Covariates were selected for inclusion in multi-

variable models based on univariate analyses (p<0.05) and previous literature. All variables,

except for age, education, and ethnicity, were time-varying covariates. Final model selection

was done using backwards elimination with study time and age included in all models. Sexual

satisfaction was modeled for each participant as the linear slope over time assessed in 6-month

intervals between the baseline and the 24-month follow-up time. The primary independent

predictors were the three types of penile coital injuries, with adjustment for time, circumcision

status, age, education, employment, number of partners in the past 6 months, and reports of

genital sores and STIs in the past 6 months. To ensure the comparability of our results with

studies using other modeling approaches, population-averaged odds ratios were calculated by

transforming our subject-specific regression estimates as described by Hu et al. [34]. All pre-

sented odds ratios are population-averaged. Statistical analyses were performed using SAS v9.2

[35] with the NLMIXED procedure for mixed-effect modeling.

Results

Sample description

Between November 2008 and April 2010, 3,186 of 3,825 (97%) of eligible men agreed to partic-

ipate in the study. By design, study groups were equally sized (1,588 circumcision group; 1,598

control group). Approximately 5% of both groups (79/1588: circumcision and 74/1598: con-

trols) were lost to follow-up after the baseline assessment and were excluded from longitudinal

analyses. Men not returning for any follow-up were less likely to be Luo (p = 0.03) and less

likely to have ever had sex (p = 0.01). Follow-up rates were 70% (6-months), 81% (12-months),

82% (18-months), and 84% (24-months), with similar loss to follow-up for the two groups.

There were differences between the self-selected groups, with men in the circumcision group
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more likely to have a secondary or higher education, be unemployed, and single than the con-

trol group (Table 1); and no differences in other demographic or behavioral characteristics.

Baseline penile coital injuries

Among the 2,106 (66%) participants sexually active in the 6 months prior to baseline, 2,045

(97%) answered the questions about penile coital injuries (Table 1). In total, 1,080 (53%)

reported any penile injury, including 44% reporting scratches, cuts, or abrasions; 32% penile

Table 1. Baseline characteristics of study participants.

Circumcision group (N = 1 588) Control group (N = 1 598) Overall (N = 3 186) p-value

Demographic characteristics

Age, mean (IQR, range) 20 (19–24; 18–35) 20 (19–24; 18–35) 20 (19–24; 18–35) 0.08

Ethnic group 0.01

Luo 1547 (97%) 1585 (99%) 3132 (98%)

Educational level 0.01

Primary and less 354 (22%) 488 (31%) 842 (26%)

Any secondary 955 (60%) 882 (55%) 1837 (58%)

Any post-secondary 266 (17%) 306 (13%) 472 (15%)

Unsure / Refused to answer 13 (1%) 22 (1%) 35 (1%)

Employment status 0.01

Employed 421 (27%) 584 (37%) 1005 (32%)

Marital status 0.01

Single, without live-in partner 1055 (66%) 956 (60%) 2011 (63%)

Single, with live-in partner 220 (14%) 203 (13%) 423 (13%)

Married, living with wife 271 (17%) 401 (25%) 672 (21%)

Married, not living with wife 42 (3%) 38 (2%) 80 (3%)

Sexual history

Ever had sex 0.13

Yes 1382 (87%) 1419 (89%) 2801 (88%)

No 206 (13%) 179 (11%) 385 (12%)

Age (years) at first sex (IQR; range; N) 16 (15–18; 9–30; 1380) 16 (15–18; 9–29; 1417) 16 (15–18; 9–30; 2797) 0.66

Sexual intercourse in past 6 months (sexually active only) 0.54

Yes 1032 (75%) 1074 (76%) 2106 (75%)

No 350 (25%) 345 (24%) 695 (25%)

Number of partners in past 6 months (sexually active only) 0.13

None 350 (25%) 345 (24%) 960 (34%)

One 502 (36%) 564 (40%) 1008 (36%)

2+ 393 (29%) 398 (28%) 786 (28%)

Unsure / Refused to answer 137 (10%) 112 (8%) 147 (2%)

Lifetime number of partners 3 (2–6; 1–552; 1193) 3 (2–6; 1–122; 1270) 3 (2–6; 1–552; 2463) 0.73

Penile coital injuries in the past 6 months (sexually active in last 6 months, N = 2,045)

Reported penile coital injuries in the past 6 months:

Scratches/cuts/abrasions 477 (47%) 428 (41%) 905 (44%) 0.01

Penile pain/soreness 343 (34%) 321 (31%) 664 (32%) 0.15

Penile bleeding 234 (23%) 211 (20%) 445 (22%) 0.12

Any penile coital injury 562 (56%) 518 (50%) 1080 (53%) 0.01

Sample sizes vary in questions based on past or recent sexual activity. Data are median (IQR; range; n) for continuous data, or n (%) for categorical data. P

values are based on Kolmogorov-Smirnov two-sample test for non-normally distributed continuous data and chi-square for categorical data.

https://doi.org/10.1371/journal.pone.0185917.t001
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pain/soreness; and 22% penile bleeding. Overall, 259 (13%) of men reported all three types of

coital injuries, 413 (20%) two types, and 408 (20%) reported a single type of penile coital

injury.

At baseline, men who selected circumcision were significantly more likely to report a recent

history of penile coital scratches, cuts, or abrasions compared to men who were initially not

planning to become circumcised (47% vs. 41%, p = 0.007; Table 1). Reports of penile pain/

soreness and penile bleeding did not differ by circumcision intent at baseline (Table 1). Com-

bined, a greater proportion of those who selected circumcision reported at least one type of

penile coital injury compared to those who selected to remain uncircumcised (56% vs. 50%;

p = 0.01; Table 1).

Penile coital injuries by circumcision status

Over 24 months of follow-up, reports of any penile coital injuries following circumcision

declined from 56% (pre-circumcision baseline) to 15%, a 73% relative decrease. Significant

decline was noted for each component individually: scratches/cuts/abrasions (81% decrease),

penile pain/soreness (71% decrease), and penile bleeding (87% decrease). All declines were evi-

dent at 6-months post-procedure and were sustained throughout the follow-up period (Fig 1).

Among the uncircumcised group, no decline was noted in cuts, scratches, abrasions or post-

coital penile soreness, while a 25% decline in coital penile bleeding from 20% of men at enroll-

ment to 15% at 24 months was observed.

Longitudinal analysis using mixed-effect models revealed the presence of group by time

interaction (p<0.0001) for all measures of penile coital injuries indicating different patterns of

change in injuries over time for circumcised and uncircumcised men. When stratified by

Fig 1. Observed self-reported penile coital injury by circumcision status over time. Notes: There was a significant decline with time for

all measures of penile coital injuries, except for scratches/cuts/abrasions (A) and pain/soreness (B) in uncircumcised men.

https://doi.org/10.1371/journal.pone.0185917.g001
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circumcision status, decline from pre-circumcision baseline over time was significant for cir-

cumcised men across all three types of coital injuries (Table 2). For uncircumcised men, statis-

tically significant decline of lower magnitude was observed only for penile bleeding and for the

combined measure of any coital injury (Table 2).

In addition to exploring the differential changes in coital injuries in each group over time

(Table 2), we reran the models without the group by time interaction term to be able to quan-

tify the association between coital injuries and circumcision for the duration of the study. By

removing the interaction term from the model, the estimates of the effect of circumcision were

adjusted for time, but not for the differential dynamics of time for each group. As a result, OR

comparing circumcised to uncircumcised men over 24 months of follow up was 0.49 (95% CI:

0.44–0.55) for any penile coital injury. By type, odds ratios were 0.41 (95% CI: 0.37–0.47) for

scratches, cuts and abrasions, 0.59 (95% CI: 0.52–0.66) for penile pain/soreness, and 0.54 (95%

CI: 0.47–0.62), for penile bleeding.

Penile coital injuries and genital sores

At baseline, 186 (9%) of sexually active men reported genital sores in the past 6 months. Com-

pared to men not reporting sores, a higher proportion of men with genital sores were seeking

circumcision, had only primary education, were employed, married, had multiple partners in

the past 6 months, had unprotected sex, preferred dry sex, and reported STIs in the past 6

months. Following circumcision, the proportion of men reporting genital sores declined from

11% (baseline, among men selecting circumcision) to 2% at 24-months. Among the uncircum-

cised men, no change in the prevalence of genital sores was observed: 8% at baseline to 8% at

24 months. At baseline, 14% of men reporting any penile coital injuries also reported genital

sores (14% of men reporting scratches, cuts, or abrasions, 19% reporting penile pain/soreness,

and 14% with penile bleeding). Conversely, over 81% of men reporting a genital sore at base-

line also reported a concomitant penile coital injury (Table 3), including 68% reporting

scratches, cuts, or abrasions, 66% with penile pain/soreness, and 34% with bleeding.

In newly circumcised men reporting genital sores, concurrent report of any penile coital

injuries did not significantly decline over follow-up (pre-circumcision baseline 81% to 79% at

24-months; p = 0.22). In men with no history of genital sores, however, reports of penile coital

injuries declined from 53% (pre-circumcision baseline) to 14% (p<0.001; ~80% relative

decrease) over the 24-months following circumcision. Therefore, following circumcision we

observe a decline in reports of recent genital sores and decline in penile coital injuries, but the

Table 2. Longitudinal changes in penile coital injuries over 24 months of follow up by circumcision status: the results of mixed effect models

(stratified by circumcision status, unadjusted for other covariates).

Stratified analysis

Circumcised Uncircumcised

Estimate SE p Estimate SE p

Scratches, cuts and abrasions

Change over time (visit #) -0.719 0.037 0.01 -0.031 0.026 0.24

Penile pain/soreness

Change over time (visit #) -0.451 0.032 0.01 -0.015 0.027 0.58

Penile bleeding

Change over time (visit #) -0.717 0.05 0.01 -0.121 0.032 0.01

Any penile injuries

Change over time (visit #) -0.609 0.031 0.01 -0.082 0.025 0.01

https://doi.org/10.1371/journal.pone.0185917.t002
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latter only when men have not also experienced penile sores, indicating differential trends in

prevalence of coital injuries among circumcised men with and without genital sores, as con-

firmed by the significant interaction term (p = 0.002).

Considering any report of genital sores separately from that of penile coital injuries, the

protective effect of circumcision on both is evident (Fig 2). Unadjusted ORs for the effect of

circumcision over the duration of follow up were 0.67 (95% CI: 0.56–0.79) for recent history of

genital sores. By type of coital injury, excluding those with genital sores, ORs by circumcision

status were 0.43 (95%CI: 0.38–0.48) for scratches, cuts and abrasions, 0.61 (95%CI: 0.54–0.69)

for penile pain/soreness, and 0.58 (95%CI: 0.50–0.67) for bleeding. Excluding men with genital

sores did not greatly change (<10%) the magnitude of the association, therefore our multivari-

able analyses included men with and without genital sores and reports of genital sores were

evaluated as a covariate for each type of penile coital injuries.

Other covariates and multivariable models

The distribution over time of penile coital injuries across time-varying covariates significant in

the univariate analyses is shown in Table 3. These covariates were included in the multivariable

Table 3. Prevalence of reported coital injuries across time-varying covariates significantly associated with coital injuries in univariate analyses.

Baseline, n(%) 6 months, n(%) 12 months, n(%) 18 months, n(%) 24 months, n(%)

Circumcision status*

Circumcised 562/1008(56%) 200/732 (27%) 202/929(22%) 238/1071(22%) 180/1199(15%)

Uncircumcised 518/1037(50%) 401/888(45%) 390/920(42%) 386/892(43%) 375/848 (44%)

Marital status *

Single 569/1143(50%) 270/852(32%) 295/976(30%) 271/1001(27%) 1236/1008(23%)

Married or cohabitating 511/902(57%) 331/768(43%) 297/873(34%) 353/962(37%) 319/1039(31%)

Condom use at last sex *

No condom used 572/1001(57%) 321/736(44%) 324/861(38%) 321/861(37%) 280/912(31%)

Condom used 435/892(49%) 252/800(32%) 243/917(27%) 290/1064(27%) 263/1106(24%)

Number of partners in the past 6 months *

One 444/1012(44%) 257/804(32%) 276/1030(27%) 311/1171(27%) 328/1353(24%)

Two or more 501/756(66%) 294/652(45%) 275/686(40%) 279/695(40%) 214/643(33%)

How long until washed penis after last time had sex *

One hour or less 383/783(49%) 232/662(35%) 236/798(30%) 261/917(29%) 275/1085(25%)

More than one hour 697/1262(55%) 369/958(39%) 356/1051(34%) 363/1047(35%) 280/962(29%)

Applied substances to penis before sex in the past 6 months *

No 885/1719(52%) 516/1407(37%) 507/1653(31%) 543/1776(31%) 493/1874(26%)

Yes 85/114(75%) 46/89(52%) 45/75(60%) 43/79(54%) 37/83(45%)

Preference for dry sex

Prefers dry sex 395/749(53%) 231/614(38%) 232/662(35%) 260/727(36%) 219/695(36%)

Prefers wet sex or no opinion 575/1084(53%) 331/881(38%) 320/1066(30%) 326/1128(29%) 311/1262(25%)

STIs in the past 6 months *

No 885/1715(52%) 525/1440(37%) 519/1675(31%) 548/1799(31%) 500/1909(26%)

Yes 88/118(75%) 38/56(68%) 33/49(67%) 37/54(69%) 29/45(64%)

Genital sores in the past 6 months *

No 930/1859(50%) 532/1533(35%) 519/1750(30%) 540/1860(29%) 478/1950(25%)

Yes 150/186(81%) 69/87(79%) 73/99(74%) 84/104(81%) 77/97(79%)

Circumcision status at baseline is by enrollment group; at follow up by actual status;

* Significant baseline difference

https://doi.org/10.1371/journal.pone.0185917.t003
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modeling to assess their association with penile coital injuries. The statistically significant

covariates were retained in the final models and are shown in Table 4. In multivariable model-

ing, adjusted for other covariates, circumcised men were more than 50% less likely than those

uncircumcised to report any penile coital injury in the last 6 months (aOR = 0.47; 95%CI

0.42–0.53). This protection was greatest against penile cuts, scratches, or abrasions for which

the difference reached 60% (aOR = 0.39; 95%CI 0.34–0.44; Table 4). Factors independently

associated with increased risk of each type penile coital injury were the application of sub-

stances (lubricants) to the penis before sex (aORs ranged 1.94 to 2.29), increasing age

(aOR = 1.03 for each added year), history of STI in the last 6 months (aORs ranged 1.66 to

2.48), reporting genital sores in the last 6 months (aORs ranged 2.60 to 4.27), and multiple

partners in last 6-months (aORs ranged 1.38 to 1.58). Condom use (aORs ranged 0.73 to 0.75)

and time remained protective for penile coital injuries. While these factors were significantly

associated with penile coital injuries, they did not act as confounders to the effect of circumci-

sion, as seen by comparing the crude and adjusted ORs for the three types of penile coital inju-

ries, though adjusting for covariates did attenuate the magnitude of change over time. Out of

the variables differentiating men selecting circumcision and controls at baseline (i.e., educa-

tion, employment, ethnicity and marriage), only marriage was a significant risk factor for coi-

tal injuries in the univariate analyses, but not in the multivariable analyses. Likewise, post-

coital hygiene, and preference for dry sex were not associated with any of penile coital injury

measures.

Penile coital injuries and sexual satisfaction

Sexual satisfaction and its association with male circumcision are examined in depth elsewhere

[36]. Here we explore the associations between male circumcision and sexual satisfaction, in

Fig 2. Genital sores and type of coital injury among those without genital sores over time (circumcised men only).

https://doi.org/10.1371/journal.pone.0185917.g002
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the context of penile coital injuries. At baseline, the proportion of men reporting being satis-

fied with sexual intercourse was lower among men reporting penile coital injuries compared

to those not reporting coital injuries: 67% of men with scratches, cuts, and abrasions were sat-

isfied with intercourse compared to 74% without scratches, cuts, and abrasions (p = 0.001);

65% with penile pain/soreness vs. 74% without penile pain/soreness (p<0.001); and 61% with

penile bleeding vs. 74% without penile bleeding (p<0.001). Adjusted for time, circumcision

status, age, education, employment, number of partners in the past 6 months, and reports of

genital sores and STIs in the past 6 months, penile coital injuries remained significantly associ-

ated with lower levels of sexual satisfaction in longitudinal analyses (scratches, cuts and abra-

sions: aOR = 0.87, 95% CI: 0.76–0.98; penile pain/soreness: aOR = 0.82, 95% CI: 0.72–0.93;

and penile bleeding: aOR = 0.65, 95% CI: 0.55–0.76). After adjusting for penile coital injuries,

history of STIs and genital sores, and other factors, circumcision status remained marginally

associated with increased sexual satisfaction (aOR = 1.13, 95% CI: 0.99–1.28).

Discussion

In our study comparing recently circumcised men and uncircumcised men in western Kenya,

we confirm previous observations that circumcised men are less likely to report penile coital

Table 4. Results of the multivariable mixed effect models for risks of penile coital injury over time (N = 2781).

Scratches/cuts/ abrasions Penile pain /soreness Penile bleeding

OR (95% CI) OR (95% CI) OR (95% CI)

Circumcision status*

Uncircumcised Reference Reference Reference

Circumcised 0.39 (0.34–0.44) 0.58 (0.51–0.65) 0.53 (0.46–0.62)

Age (continuous) 1.03 (1.02–1.05) 1.03 (1.01–1.04) 1.02 (1.00–1.04)

Condom use at last sex

No condom used Reference Reference Reference

Condom used 0.74 (0.67–0.83) 0.73 (0.65–0.81) 0.75 (0.65–0.86)

Number of partners in the past 6 months

One Reference Reference Reference

Two or more 1.48 (1.35–1.63) 1.38 (1.26–1.52) 1.58 (1.41–1.78)

Ever applied substances to penis before sex

No Reference Reference Reference

Yes 1.94 (1.55–2.42) 2.08 (1.66–2.60) 2.29 (1.79–2.93)

Self-reported genital sores in the past 6 months

No Reference Reference Reference

Yes 3.65 (2.99–4.46) 4.27 (5.09–6.39) 2.60 (2.10–3.20)

Self-reported STIs in the past 6 months

No Reference Reference Reference

Yes 1.66 (1.29–2.15) 2.48 (1.92–3.20) 2.16 (1.65–3.84)

Time (visit)

Baseline Reference Reference Reference

6 months 0.43 (0.37–0.49) 0.77 (0.66–0.89) 0.60 (0.50–0.71)

12 months 0.38 (0.32–0.44) 0.67 (0.57–0.78) 0.45 (0.37–0.54)

18 months 0.43 (0.37–0.49) 0.66 (0.57–0.76) 0.48 (0.40–0.58)

24 months 0.39 (0.34–0.45) 0.59 (0.51–0.69) 0.39 (0.33–0.48)

* Circumcision status at baseline is by enrollment group; at follow up by actual status.

All variables are time varying, except for age at baseline

https://doi.org/10.1371/journal.pone.0185917.t004
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injuries, with significantly decreased risk observed as early as 6 months after surgery and

decreasing further over 24 months [27, 32]. Factors other than circumcision associated with

penile coital injury included increasing age, increasing number of sexual partners, application

of substances to the penis before sex, and self-reported history of STIs. The differences in prev-

alence of penile coital injuries at the baseline among otherwise similar groups indicates that it

is likely that men reporting penile coital injuries were more likely to seek VMMC services.

This study is the first to identify an association between self-reported penile coital injuries and

decreased sexual satisfaction.

We found that coital-related scratches, cuts, and abrasions to the penis among young,

uncircumcised, sexually active men were common (44%). This prevalence is comparable to the

48% observed by Mehta and colleagues in this same geographical area [27], but higher than the

34% found in a 1997 cross-sectional study in eastern Uganda [37], and lower than 61%

reported in the cohort of circumcised men in the Dominican Republic before circumcision

[32]. Several explanations for these differences are possible including: differences in the behav-

ioral risk profile of the study samples, culturally specific sexual practices that increase the risk

of coital injuries, circumcision status misclassification, and misclassification of GUD and

injuries.

Reduction in GUD is a highly likely mechanism for at least some portion of the protective

effect of MC against HIV [7, 25, 38], with a 41%-48% reduction in GUD following the proce-

dure observed in recent studies [12, 28]. While not directly comparable due to methodological

differences in the assessment of penile sores and genital ulcers, the 33% decline in the likeli-

hood of self-reported genital sores with circumcision observed in our study is in the lower

range of effect sizes reported. Moreover, men reporting genital sores were more likely to report

penile coital injuries, suggesting an additional risk of injury with genital sores or some overlap

between the symptoms of genital sores and of penile coital injuries. Unlike other studies, we

found no significant reductions (p = 0.22) in penile injuries over time among men reporting

genital sores after becoming circumcised. This finding could possibly be a result of unadjusted

confounding due to the ambiguity in our measurements of genital sores and should be evalu-

ated further.

Recent research has observed that approximately 40% to 60% of genital ulcers are not

explained by STI etiologies [12, 28, 29]. Coital injuries may play a role in the formation of

these unexplained ulcers through facilitating infections by other, non-sexually transmitted,

pathogens [12, 28, 29, 38]. In stratified analysis, we observed that recent genital sores were

reported by14% of men with penile coital injuries. This leaves a great majority of penile coital

injuries that are likely attributable to mechanical disruption or factors unrelated to preexisting

GUD. Future studies should include questions designed to differentiate between coital injuries

and GUD or include clinical examination to confirm current injuries or sores.

This is the first study to identify an association between penile coital injuries and decreased

sexual satisfaction. This association remained significant over time and for all three types of

coital injuries, independent of age, circumcision status, level of sexual activity or other causes

of genital discomfort, such as GUD and other STIs. In our study, men who were seeking cir-

cumcision were more likely to report penile coital injuries at the baseline. As described in an

in-depth analysis of male circumcision and sexual satisfaction based on the same cohort of

men [36], men self-selecting into the circumcision group were also more likely to report lower

levels of sexual satisfaction at baseline. While we did not assess this directly, it is possible that

lower sexual satisfaction associated with coital injuries was one of the motivating factors

behind their decision to become circumcised.

Our findings are subject to several limitations. Data on penile coital injuries, genital sores

and STIs were based on self-report with no corresponding clinical exam. However, similarities
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between our results and those from the RCT of male circumcision in Kisumu support the gen-

eralizability of our results: we used the same questions as the trial in a sample different in

demographic, geographic, and other characteristics. Because study participants self-selected

for enrollment and group assignment, it is possible that the motivation to become circumcised

represents fundamental differences between study groups. Behavior, sexual history, and sexual

satisfaction were self-reported, and they are subject to social desirability and recall biases,

although we have limited these biases through the use of ACASI and experienced study staff

with training in sensitive face-to-face interview techniques [39–42]. Sexual satisfaction was

assessed using questions similar to those used in other studies [43], but we did not use vali-

dated instruments. Lastly, our study did not assess the likely mechanisms leading to coital inju-

ries. This is an important aspect in determining how circumcision may be protecting men and

ultimately in developing additional interventions and messaging.

Conclusion

Penile coital injuries have logical and observable associations with increased risk of HIV and

STI infection [25, 38, 44, 45]. While their prevention may be important in that regard alone,

the potential motivational force for circumcision may also be of value. In our study we found

that men reporting penile coital injuries were more likely to seek VMMC services and

observed a significant decline in coital injuries following circumcision. Further, men seeking

circumcision services had consistently lower levels of pre-procedure sexual satisfaction [46]

and those with penile coital injuries had lower levels of sexual satisfaction both at the baseline

and across follow-up. Improvement of the sexual experience through the removal of a poten-

tial source of sexual discomfort may resonate with a significant portion of men targeted for

VMMC [25, 38, 44, 45, 47]. The accumulation of evidence indicating an independent role of

penile coital injuries in decreased sexual satisfaction, HIV [31], and HSV-2 [30], merits com-

prehensive study to clinically and etiologically define penile coital injuries for potential inter-

vention targets.

Supporting information

S1 File. Study questionnaires (English, Dholuo, and Kiswahili).

(ZIP)

S2 File. Data repository.

(CSV)

Acknowledgments

We thank all of the participants, without whom this work would not have been possible. We

are grateful to Cosam Ang’awa, Yusto Okembia, Kevine Amolloh, Kelvin Akoth, Kennedy

Otieno, Danstan Ochieng’, Victor Odula, George Kidi, David Ang’awa, Evans Otieno, Erik

Ogutu, George Ong’eng’a, and Richard Okello for their dedication in recruitment, data collec-

tion, tracing, and overall commitment to the study; to Nicholas Obwama and Joseph Abuya

for their tireless data entry and cleaning efforts; to Matthew Westercamp for his invaluable

input and for reading and editing multiple versions of this manuscript; to Christine L. Mattson

for inspiration; and to the entire NRHS staff for their assistance in making this study a success.

Author Contributions

Conceptualization: Nelli Westercamp, Supriya D. Mehta, Walter Jaoko, Robert C. Bailey.

Penile coital injuries in men decline after circumcision in Kenya

PLOS ONE | https://doi.org/10.1371/journal.pone.0185917 October 10, 2017 12 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0185917.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0185917.s002
https://doi.org/10.1371/journal.pone.0185917


Data curation: Nelli Westercamp, Timothy A. Okeyo.

Formal analysis: Nelli Westercamp.

Funding acquisition: Robert C. Bailey.

Investigation: Nelli Westercamp, Robert C. Bailey.

Methodology: Nelli Westercamp, Supriya D. Mehta, Robert C. Bailey.

Project administration: Nelli Westercamp, Timothy A. Okeyo, Robert C. Bailey.

Resources: Walter Jaoko, Robert C. Bailey.

Software: Nelli Westercamp, Timothy A. Okeyo.

Supervision: Nelli Westercamp, Robert C. Bailey.

Validation: Nelli Westercamp, Supriya D. Mehta, Timothy A. Okeyo.

Visualization: Nelli Westercamp, Supriya D. Mehta.

Writing – original draft: Nelli Westercamp.

Writing – review & editing: Nelli Westercamp, Supriya D. Mehta, Walter Jaoko, Timothy A.

Okeyo, Robert C. Bailey.

References
1. Bailey RC, Moses S, Parker CB, Agot K, Maclean I, Krieger JN, et al. Male circumcision for HIV preven-

tion in young men in Kisumu, Kenya: a randomised controlled trial. Lancet. 2007; 369(9562):643–56.

Epub 2007/02/27. https://doi.org/10.1016/S0140-6736(07)60312-2 PMID: 17321310.

2. Gray RH, Kigozi G, Serwadda D, Makumbi F, Watya S, Nalugoda F, et al. Male circumcision for HIV

prevention in men in Rakai, Uganda: a randomised trial. Lancet. 2007; 369(9562):657–66. Epub 2007/

02/27. https://doi.org/10.1016/S0140-6736(07)60313-4 PMID: 17321311.

3. Auvert B, Taljaard D, Lagarde E, Sobngwi-Tambekou J, Sitta R, Puren A. Randomized, controlled inter-

vention trial of male circumcision for reduction of HIV infection risk: the ANRS 1265 Trial. PLoS medi-

cine. 2005; 2(11):e298. Epub 2005/10/20. https://doi.org/10.1371/journal.pmed.0020298 PMID:

16231970.

4. Siegfried N, Muller M, Deeks JJ, Volmink J. Male circumcision for prevention of heterosexual acquisition

of HIV in men. Cochrane database of systematic reviews (Online). 2009;(2):CD003362. Epub 2009/04/

17. https://doi.org/10.1002/14651858.CD003362.pub2 PMID: 19370585.

5. World Health Organization & United Nations Joint Programme on HIV/AIDS. Male circumcision: global

trends and determinants of prevalence, safety and acceptability. Geneva: WHO, 2007.

6. Dinh MH, Fahrbach KM, Hope TJ. The role of the foreskin in male circumcision: an evidence-based

review. American journal of reproductive immunology (New York, NY: 1989). 2011; 65(3):279–83. Epub

2010/12/01. https://doi.org/10.1111/j.1600-0897.2010.00934.x PMID: 21114567.

7. Cameron DW, Simonsen JN, D’Costa LJ, Ronald AR, Maitha GM, Gakinya MN, et al. Female to male

transmission of human immunodeficiency virus type 1: risk factors for seroconversion in men. Lancet.

1989; 2(8660):403–7. Epub 1989/08/19. PMID: 2569597.

8. Fink AJ. A possible explanation for heterosexual male infection with AIDS. The New England journal of

medicine. 1986; 315(18):1167. Epub 1986/10/30. PMID: 3762636.

9. Kigozi G, Wawer M, Ssettuba A, Kagaayi J, Nalugoda F, Watya S, et al. Foreskin surface area and HIV

acquisition in Rakai, Uganda (size matters). AIDS (London, England). 2009; 23(16):2209–13. Epub

2009/09/23. https://doi.org/10.1097/QAD.0b013e328330eda8 PMID: 19770623.

10. Freeman EE, Weiss HA, Glynn JR, Cross PL, Whitworth JA, Hayes RJ. Herpes simplex virus 2 infection

increases HIV acquisition in men and women: systematic review and meta-analysis of longitudinal stud-

ies. AIDS (London, England). 2006; 20(1):73–83. Epub 2005/12/06. PMID: 16327322.

11. Mayer KH, Venkatesh KK. Interactions of HIV, other sexually transmitted diseases, and genital tract

inflammation facilitating local pathogen transmission and acquisition. American journal of reproductive

immunology (New York, NY: 1989). 2011; 65(3):308–16. Epub 2011/01/11. https://doi.org/10.1111/j.

1600-0897.2010.00942.x PMID: 21214660.

Penile coital injuries in men decline after circumcision in Kenya

PLOS ONE | https://doi.org/10.1371/journal.pone.0185917 October 10, 2017 13 / 15

https://doi.org/10.1016/S0140-6736(07)60312-2
http://www.ncbi.nlm.nih.gov/pubmed/17321310
https://doi.org/10.1016/S0140-6736(07)60313-4
http://www.ncbi.nlm.nih.gov/pubmed/17321311
https://doi.org/10.1371/journal.pmed.0020298
http://www.ncbi.nlm.nih.gov/pubmed/16231970
https://doi.org/10.1002/14651858.CD003362.pub2
http://www.ncbi.nlm.nih.gov/pubmed/19370585
https://doi.org/10.1111/j.1600-0897.2010.00934.x
http://www.ncbi.nlm.nih.gov/pubmed/21114567
http://www.ncbi.nlm.nih.gov/pubmed/2569597
http://www.ncbi.nlm.nih.gov/pubmed/3762636
https://doi.org/10.1097/QAD.0b013e328330eda8
http://www.ncbi.nlm.nih.gov/pubmed/19770623
http://www.ncbi.nlm.nih.gov/pubmed/16327322
https://doi.org/10.1111/j.1600-0897.2010.00942.x
https://doi.org/10.1111/j.1600-0897.2010.00942.x
http://www.ncbi.nlm.nih.gov/pubmed/21214660
https://doi.org/10.1371/journal.pone.0185917


12. Gray RH, Serwadda D, Tobian AA, Chen MZ, Makumbi F, Suntoke T, et al. Effects of genital ulcer dis-

ease and herpes simplex virus type 2 on the efficacy of male circumcision for HIV prevention: Analyses

from the Rakai trials. PLoS medicine. 2009; 6(11):e1000187. Epub 2009/11/26. https://doi.org/10.1371/

journal.pmed.1000187 PMID: 19936044.

13. Weiss HA, Thomas SL, Munabi SK, Hayes RJ. Male circumcision and risk of syphilis, chancroid, and

genital herpes: a systematic review and meta-analysis. Sexually transmitted infections. 2006; 82

(2):101–9; discussion 10. Epub 2006/04/04. https://doi.org/10.1136/sti.2005.017442 PMID: 16581731.

14. Porter WM, Bunker CB. The dysfunctional foreskin. International journal of STD & AIDS. 2001; 12

(4):216–20. Epub 2001/04/26. https://doi.org/10.1258/0956462011922922 PMID: 11319970.

15. Price LB, Liu CM, Johnson KE, Aziz M, Lau MK, Bowers J, et al. The effects of circumcision on the

penis microbiome. PloS one. 2010; 5(1):e8422. Epub 2010/01/13. https://doi.org/10.1371/journal.pone.

0008422 PMID: 20066050.

16. Fahrbach KM, Barry SM, Anderson MR, Hope TJ. Enhanced cellular responses and environmental

sampling within inner foreskin explants: implications for the foreskin’s role in HIV transmission. Mucosal

immunology. 2010; 3(4):410–8. Epub 2010/04/23. https://doi.org/10.1038/mi.2010.18 PMID:

20410876.

17. Ganor Y, Zhou Z, Tudor D, Schmitt A, Vacher-Lavenu MC, Gibault L, et al. Within 1 h, HIV-1 uses viral

synapses to enter efficiently the inner, but not outer, foreskin mucosa and engages Langerhans-T cell

conjugates. Mucosal immunology. 2010; 3(5):506–22. Epub 2010/06/24. https://doi.org/10.1038/mi.

2010.32 PMID: 20571487.

18. Zhou Z, Barry de Longchamps N, Schmitt A, Zerbib M, Vacher-Lavenu MC, Bomsel M, et al. HIV-1 effi-

cient entry in inner foreskin is mediated by elevated CCL5/RANTES that recruits T cells and fuels conju-

gate formation with Langerhans cells. PLoS pathogens. 2011; 7(6):e1002100. Epub 2011/07/09.

https://doi.org/10.1371/journal.ppat.1002100 PMID: 21738469.

19. Desai K, Boily MC, Garnett GP, Masse BR, Moses S, Bailey RC. The role of sexually transmitted infec-

tions in male circumcision effectiveness against HIV—insights from clinical trial simulation. Emerging

themes in epidemiology. 2006; 3:19. Epub 2006/12/26. https://doi.org/10.1186/1742-7622-3-19 PMID:

17187662.

20. Boily MC, Desai K, Masse B, Gumel A. Incremental role of male circumcision on a generalised HIV epi-

demic through its protective effect against other sexually transmitted infections: from efficacy to effec-

tiveness to population-level impact. Sexually transmitted infections. 2008; 84 Suppl 2:ii28–34. Epub

2008/10/01. https://doi.org/10.1136/sti.2008.030346 PMID: 18799489.

21. Anderson D, Politch JA, Pudney J. HIV infection and immune defense of the penis. American journal of

reproductive immunology (New York, NY: 1989). 2011; 65(3):220–9. Epub 2011/01/11. https://doi.org/

10.1111/j.1600-0897.2010.00941.x PMID: 21214659.

22. Morris BJ, Bailey RC, Klausner JD, Leibowitz A, Wamai RG, Waskett JH, et al. Review: a critical evalua-

tion of arguments opposing male circumcision for HIV prevention in developed countries. AIDS care.

2012; 24(12):1565–75. Epub 2012/03/29. https://doi.org/10.1080/09540121.2012.661836 PMID:

22452415.

23. Simonsen JN, Cameron DW, Gakinya MN, Ndinya-Achola JO, D’Costa LJ, Karasira P, et al. Human

immunodeficiency virus infection among men with sexually transmitted diseases. Experience from a

center in Africa. The New England journal of medicine. 1988; 319(5):274–8. Epub 1988/08/04. https://

doi.org/10.1056/NEJM198808043190504 PMID: 3393182.

24. Stone KM, Grimes DA, Magder LS. Primary prevention of sexually transmitted diseases. A primer for

clinicians. JAMA: the journal of the American Medical Association. 1986; 255(13):1763–6. Epub 1986/

04/04. PMID: 3512873.

25. Szabo R, Short RV. How does male circumcision protect against HIV infection? BMJ (Clinical research

ed). 2000; 320(7249):1592–4. Epub 2000/06/14. PMID: 10845974.

26. Halperin DT, Bailey RC. Male circumcision and HIV infection: 10 years and counting. Lancet. 1999; 354

(9192):1813–5. Epub 1999/11/30. https://doi.org/10.1016/S0140-6736(99)03421-2 PMID: 10577659.

27. Mehta SD, Krieger JN, Agot K, Moses S, Ndinya-Achola JO, Parker C, et al. Circumcision and reduced

risk of self-reported penile coital injuries: results from a randomized controlled trial in Kisumu, Kenya.

The Journal of urology. 2010; 184(1):203–9. Epub 2010/05/21. https://doi.org/10.1016/j.juro.2010.03.

015 PMID: 20483156.

28. Mehta SD, Moses S, Parker CB, Agot K, Maclean I, Bailey RC. Circumcision status and incident herpes

simplex virus type 2 infection, genital ulcer disease, and HIV infection. AIDS (London, England). 2012;

26(9):1141–9. Epub 2012/03/03. https://doi.org/10.1097/QAD.0b013e328352d116 PMID: 22382150.

29. Mehta SD, Green SJ, Maclean I, Hu H, Bailey RC, Gillevet PM, et al. Microbial diversity of genital ulcer

disease in men enrolled in a randomized trial of male circumcision in Kisumu, Kenya. PloS one. 2012; 7

(7):e38991. Epub 2012/08/01. https://doi.org/10.1371/journal.pone.0038991 PMID: 22848346.

Penile coital injuries in men decline after circumcision in Kenya

PLOS ONE | https://doi.org/10.1371/journal.pone.0185917 October 10, 2017 14 / 15

https://doi.org/10.1371/journal.pmed.1000187
https://doi.org/10.1371/journal.pmed.1000187
http://www.ncbi.nlm.nih.gov/pubmed/19936044
https://doi.org/10.1136/sti.2005.017442
http://www.ncbi.nlm.nih.gov/pubmed/16581731
https://doi.org/10.1258/0956462011922922
http://www.ncbi.nlm.nih.gov/pubmed/11319970
https://doi.org/10.1371/journal.pone.0008422
https://doi.org/10.1371/journal.pone.0008422
http://www.ncbi.nlm.nih.gov/pubmed/20066050
https://doi.org/10.1038/mi.2010.18
http://www.ncbi.nlm.nih.gov/pubmed/20410876
https://doi.org/10.1038/mi.2010.32
https://doi.org/10.1038/mi.2010.32
http://www.ncbi.nlm.nih.gov/pubmed/20571487
https://doi.org/10.1371/journal.ppat.1002100
http://www.ncbi.nlm.nih.gov/pubmed/21738469
https://doi.org/10.1186/1742-7622-3-19
http://www.ncbi.nlm.nih.gov/pubmed/17187662
https://doi.org/10.1136/sti.2008.030346
http://www.ncbi.nlm.nih.gov/pubmed/18799489
https://doi.org/10.1111/j.1600-0897.2010.00941.x
https://doi.org/10.1111/j.1600-0897.2010.00941.x
http://www.ncbi.nlm.nih.gov/pubmed/21214659
https://doi.org/10.1080/09540121.2012.661836
http://www.ncbi.nlm.nih.gov/pubmed/22452415
https://doi.org/10.1056/NEJM198808043190504
https://doi.org/10.1056/NEJM198808043190504
http://www.ncbi.nlm.nih.gov/pubmed/3393182
http://www.ncbi.nlm.nih.gov/pubmed/3512873
http://www.ncbi.nlm.nih.gov/pubmed/10845974
https://doi.org/10.1016/S0140-6736(99)03421-2
http://www.ncbi.nlm.nih.gov/pubmed/10577659
https://doi.org/10.1016/j.juro.2010.03.015
https://doi.org/10.1016/j.juro.2010.03.015
http://www.ncbi.nlm.nih.gov/pubmed/20483156
https://doi.org/10.1097/QAD.0b013e328352d116
http://www.ncbi.nlm.nih.gov/pubmed/22382150
https://doi.org/10.1371/journal.pone.0038991
http://www.ncbi.nlm.nih.gov/pubmed/22848346
https://doi.org/10.1371/journal.pone.0185917


30. Mehta SD, Moses S, Agot K, Parker C, Ndinya-Achola JO, Maclean I, et al. Adult male circumcision

does not reduce the risk of incident Neisseria gonorrhoeae, Chlamydia trachomatis, or Trichomonas

vaginalis infection: results from a randomized, controlled trial in Kenya. The Journal of infectious dis-

eases. 2009; 200(3):370–8. Epub 2009/06/24. https://doi.org/10.1086/600074 PMID: 19545209.

31. Mehta SD, Moses S, Agot K, Odoyo-June E, Li H, Maclean I, et al. The long term efficacy of medical

male circumcision against HIV acquisition. AIDS (London, England). 2013. Epub 2013/07/10. https://

doi.org/10.1097/01.aids.0000432444.30308.2d PMID: 23835501.

32. Brito MO, Khosla S, Pananookooln S, Fleming PJ, Lerebours L, Donastorg Y, et al. Sexual Pleasure

and Function, Coital Trauma, and Sex Behaviors After Voluntary Medical Male Circumcision Among

Men in the Dominican Republic. J Sex Med. 2017; 14(4):526–34. https://doi.org/10.1016/j.jsxm.2017.

01.020 Epub Mar 1. PMID: 28258953

33. Westercamp N, Agot K, Jaoko W, Bailey RC. Risk compensation following male circumcision: results

from a two-year prospective cohort study of recently circumcised and uncircumcised men in Nyanza

Province, Kenya. AIDS Behav. 2014; 18(9):1764–75. https://doi.org/10.1007/s10461-014-0846-4

PMID: 25047688

34. Hu FB, Goldberg J, Hedeker D, Flay BR, Pentz MA. Comparison of population-averaged and subject-

specific approaches for analyzing repeated binary outcomes. Am J Epidemiol. 1998; 147(7):694–703.

PMID: 9554609.

35. SAS Institute Inc. SAS software. Version 9.1.3 ed. Cary, NC2008.

36. Nordstrom MP, Westercamp N, Jaoko W, Okeyo T, Bailey RC. Medical Male Circumcision Is Associ-

ated With Improvements in Pain During Intercourse and Sexual Satisfaction in Kenya. J Sex Med.

2017; 14(4):601–12. https://doi.org/10.1016/j.jsxm.2017.02.014 PMID: 28364982

37. Bailey RC, Neema S, Othieno R. Sexual behaviors and other HIV risk factors in circumcised and uncir-

cumcised men in Uganda. J Acquir Immune Defic Syndr. 1999; 22(3):294–301. PMID: 10770351

38. O’Farrell N. Soap and water prophylaxis for limiting genital ulcer disease and HIV-1 infection in men in

sub-Saharan Africa. Genitourinary medicine. 1993; 69(4):297–300. Epub 1993/08/01. PMID: 7721293.

39. Langhaug LF, Sherr L, Cowan FM. How to improve the validity of sexual behaviour reporting: system-

atic review of questionnaire delivery modes in developing countries. Tropical medicine & international

health: TM & IH. 2010; 15(3):362–81. Epub 2010/04/23. https://doi.org/10.1111/j.1365-3156.2009.

02464.x PMID: 20409291.

40. Mensch BS, Hewett PC, Erulkar AS. The reporting of sensitive behavior by adolescents: a methodologi-

cal experiment in Kenya. Demography. 2003; 40(2):247–68. Epub 2003/07/09. PMID: 12846131.

41. Phillips AE, Gomez GB, Boily MC, Garnett GP. A systematic review and meta-analysis of quantitative

interviewing tools to investigate self-reported HIV and STI associated behaviours in low- and middle-

income countries. International journal of epidemiology. 2010; 39(6):1541–55. Epub 2010/07/16.

https://doi.org/10.1093/ije/dyq114 PMID: 20630991.

42. Vu LT, Nadol P, Le LC. HIV-Related Risk Behaviors Among the General Population: A Survey Using

Audio Computer-Assisted Self-Interview in 3 Cities in Vietnam. Asia-Pacific journal of public health /

Asia-Pacific Academic Consortium for Public Health. 2012. Epub 2012/06/30. https://doi.org/10.1177/

1010539512450611 PMID: 22743864.

43. Krieger JN, Mehta SD, Bailey RC, Agot K, Ndinya-Achola JO, Parker C, et al. Adult male circumcision:

effects on sexual function and sexual satisfaction in Kisumu, Kenya. J Sex Med. 2008; 5(11):2610–22.

https://doi.org/10.1111/j.1743-6109.2008.00979.x Epub 2008 Aug 28. PMID: 18761593

44. Figueroa JP, Brathwaite A, Morris J, Ward E, Peruga A, Blattner W, et al. Rising HIV-1 prevalence

among sexually transmitted disease clinic attenders in Jamaica: traumatic sex and genital ulcers as risk

factors. J Acquir Immune Defic Syndr. 1994; 7(3):310–6. Epub 1994/03/01. PMID: 8106971.

45. Fleming DT, Wasserheit JN. From epidemiological synergy to public health policy and practice: the con-

tribution of other sexually transmitted diseases to sexual transmission of HIV infection. Sexually trans-

mitted infections. 1999; 75(1):3–17. Epub 1999/08/17. PMID: 10448335.

46. Westercamp N, Agot K, Jaoko W, Bailey RC. Sexual function, satisfaction and penile trauma 24 months

after circumcision among young men in Nyanza Province, Kenya International AIDS Conference;

Washington, D.C., USA 2012.

47. Layer EH, Beckham SW, Momburi RB, Kennedy CE. Understanding the partial protection of male cir-

cumcision for HIV prevention among women in Iringa Region, Tanzania: An ethnomedical model. AIDS

care. 2012. Epub 2012/12/12. https://doi.org/10.1080/09540121.2012.748874 PMID: 23216512.

Penile coital injuries in men decline after circumcision in Kenya

PLOS ONE | https://doi.org/10.1371/journal.pone.0185917 October 10, 2017 15 / 15

https://doi.org/10.1086/600074
http://www.ncbi.nlm.nih.gov/pubmed/19545209
https://doi.org/10.1097/01.aids.0000432444.30308.2d
https://doi.org/10.1097/01.aids.0000432444.30308.2d
http://www.ncbi.nlm.nih.gov/pubmed/23835501
https://doi.org/10.1016/j.jsxm.2017.01.020
https://doi.org/10.1016/j.jsxm.2017.01.020
http://www.ncbi.nlm.nih.gov/pubmed/28258953
https://doi.org/10.1007/s10461-014-0846-4
http://www.ncbi.nlm.nih.gov/pubmed/25047688
http://www.ncbi.nlm.nih.gov/pubmed/9554609
https://doi.org/10.1016/j.jsxm.2017.02.014
http://www.ncbi.nlm.nih.gov/pubmed/28364982
http://www.ncbi.nlm.nih.gov/pubmed/10770351
http://www.ncbi.nlm.nih.gov/pubmed/7721293
https://doi.org/10.1111/j.1365-3156.2009.02464.x
https://doi.org/10.1111/j.1365-3156.2009.02464.x
http://www.ncbi.nlm.nih.gov/pubmed/20409291
http://www.ncbi.nlm.nih.gov/pubmed/12846131
https://doi.org/10.1093/ije/dyq114
http://www.ncbi.nlm.nih.gov/pubmed/20630991
https://doi.org/10.1177/1010539512450611
https://doi.org/10.1177/1010539512450611
http://www.ncbi.nlm.nih.gov/pubmed/22743864
https://doi.org/10.1111/j.1743-6109.2008.00979.x
http://www.ncbi.nlm.nih.gov/pubmed/18761593
http://www.ncbi.nlm.nih.gov/pubmed/8106971
http://www.ncbi.nlm.nih.gov/pubmed/10448335
https://doi.org/10.1080/09540121.2012.748874
http://www.ncbi.nlm.nih.gov/pubmed/23216512
https://doi.org/10.1371/journal.pone.0185917

