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Background. Male circumcision has received international attention as an intervention for reducing HIV
infection among high-risk heterosexual men; however, few US studies have evaluated its association with the risk
of HIV infection.

Methods. 'We analyzed visit records for heterosexual African American men who underwent HIV testing while
attending sexually transmitted disease (STD) clinics in Baltimore, Maryland, from 1993 to 2000. We used mul-
tivariable binomial regression to evaluate associations between circumcision and the risk of HIV infection among
visits by patients with known and unknown HIV exposure.

Results.  Overall, 1096 (2.7%) of 40,571 clinic visits yielded positive HIV test results. Among 394 visits by
patients with known HIV exposure, circumcision was significantly associated with lower HIV prevalence (10.2%
vs. 22.0%; adjusted prevalence rate ratio [PRR], 0.49 [95% confidence interval [CI], 0.26-0.93]). Conversely, among
40,177 visits by patients with unknown HIV exposure, circumcision was not associated with reduced HIV prevalence
(2.5% vs. 3.3%; adjusted PRR, 1.00 [95% CI, 0.86—1.15]), and age =25 years old and diagnosis of ulcerative STD
were associated with increased prevalence.

Conclusions. Circumcision was associated with substantially reduced HIV risk in patients with known HIV
exposure, suggesting that results of other studies demonstrating reduced HIV risk for circumcision among het-

erosexual men likely can be generalized to the US context.

Male circumcision has received international attention
as an intervention for reducing sexually acquired HIV
infection among high-risk heterosexual men [1]. This
reduction in risk has strong biological plausibility for
effectiveness [2—4] and is supported by promising re-
sults from observational epidemiological studies [5, 6]

and, most recently, by compelling results from 3 ran-

domized controlled trials of adult male circumcision in
Africa [7-9]. Although questions have been raised re-
garding how these findings affect the prevention of HIV
infection in the United States, results from these trials
have spurred interest in evaluating the possible role
played by male circumcision in reducing heterosexually
acquired HIV infection in this country [10]. Few US
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studies [11-13], however, have evaluated the role played by
circumcision in preventing heterosexually acquired HIV infec-
tion, presumably because the prevalence of HIV infection in
the United States is very low (0.4%) [14] and because the HIV
epidemic in this country is largely concentrated among men
who have sex with men [15].

We evaluated the association between male circumcision and
the risk of HIV infection among a subset of heterosexual men
in the United States by conducting a cross-sectional analysis of
visit data from African American patients attending 2 sexually
transmitted disease (STD) clinics in Baltimore, Maryland, a city
in which HIV prevalence historically has been high. As part of
this analysis, we also evaluated the impact of the infection status
of patients’ sex partners on the observed association between
circumcision and risk of HIV infection. Other observational
studies, whether international or domestic, generally have not
considered key factors that may differ between circumcised and
uncircumcised men (such as the infection status of partners)
because of difficulties in measuring them; such studies may be
subject to confounding [5, 6]. We have empirically demon-
strated the importance of measuring the partner’s infection
status in our other work examining the effectiveness of con-
doms [16, 17]. Condoms are another method for preventing
HIV infection or other STDs in which residual confounding
also has been suspected to bias the results of observational
studies toward the null hypothesis.

In the present analysis, we compared estimates of the as-
sociation between male circumcision and the risk of HIV in-
fection based only on those clinic visits for which the patient
had documented sexual exposure to an HIV-infected female
partner with estimates of this association based on visits for
which the HIV infection status of female partners was un-
known. We hypothesized that analyses limited to clinic visits
by heterosexual men with known HIV exposure—the critical
risk factor for transmission of infection—might provide more
valid estimates of the association between circumcision and the
risk of HIV infection than do analyses based on visits for which
the partner’s HIV infection status was unknown.

METHODS

Study design and patients. Computerized clinic records were
reviewed for heterosexual African American men who under-
went HIV testing while attending either of 2 Baltimore STD
clinics between 1993 and 2000. During this period, African
Americans accounted for the overwhelming majority (96%) of
all visits by male patients at the clinics. Patient visits were
excluded if HIV testing was not performed during the visit,
typically because the patient reported having recently been
tested or refused testing. Visits were also excluded if any of the
following were documented: risk factors for HIV infection other

than penile-vaginal sex (i.e., sex with men [based on reported

rectal exposure] or self-reported injection drug use or needle
sharing), use of other HIV prevention interventions (i.e., self-
reported condom use), or a record of a previous positive or
indeterminate HIV test result. Because the analysis included
only routinely collected patient data from a previously de-iden-
tified data set, the study protocol and analysis were determined
to be exempt from institutional review board review by the
Centers for Disease Control and Prevention and were similarly
determined to be exempt by Johns Hopkins University.

Applying the methods we first developed to evaluate whether
condom use reduced the risk of STDs [17], we used the patient’s
“reason for visit” to distinguish visits by patients whose sex
partners were known to be infected with HIV from visits by
patients whose partners were of unknown HIV infection status.
Visits by patients with “known HIV exposure” were defined as
those made by men who had been recently contacted by disease-
intervention specialists regarding sexual exposure to HIV-in-
fected sex partners within the past year as part of the clinic’s
partner-notification process or were notified of such exposure
directly by their sex partners. The remaining visits, which re-
flected clinic attendance for other reasons (i.e., symptoms,
check-up, follow-up for positive STD test result, and sexual
contact with a partner with an STD other than HIV infection),
were classified as having “unknown HIV exposure.” This latter
group closely resembles the population used in most studies
to assess the association between circumcision and the risk of
HIV infection or other STDs (where partner infection status
is unknown).

Statistical analysis. HIV infection status was obtained
from results of HIV antibody testing documented in the med-
ical record for each included visit. For both groups of patient
visits (known vs. unknown HIV exposure), we defined case
visits as those for which a positive HIV test result was docu-
mented according to the standard enzyme immunoassay/West-
ern blot testing algorithm. Similarly, we defined noncase visits
as those for which a negative HIV test result was documented
according to this algorithm. Male circumcision status was based
on assessment by a clinician and was systematically documented
from the physical examination reported in the patient’s medical
record. Clinicians mark a designated box on the visit record to
indicate uncircumcised status. For this analysis, visits for which
this box was marked were presumed to be from uncircumcised
men, and visits for which it was not marked were presumed
to be from circumcised men.

Characteristics of circumcised versus uncircumcised men
were compared separately for visits by patients with known and
those with unknown HIV exposure status, using the x” statistic
of association. We used unconditional multivariable binomial
regression with log transformation [18] to evaluate the asso-
ciation between circumcision status and the risk of prevalent
HIV infection, with the patient visit representing the unit of
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Table 1.

Characteristics for STD clinic visits made by heterosexual African American male patients, Baltimore, Maryland, 1993—

2000, according to knowledge of partner's HIV status and male circumcision status.

Visits by patients with known
HIV exposure (n = 394%

Visits by patients with unknown
HIV exposure (n = 40,177°)

Circumcised  Uncircumcised Circumcised Uncircumcised
Characteristic (n = 344) (n = 50) P (n = 35,062) (n = 5115) P
Age .04 <.001
=25 years 283 (82) 47 (94) 20,739 (59) 4419 (86)
<25 years 61 (18) 3 (6) 14,323 (41) 696 (14)
Ulcerative STD diagnosis (syphilis, herpes) at visit A7 <.001
Yes 13 (4) 4 (8) 1823 (5) 488 (10)
No 331 (96) 46 (92) 33,239 (95) 4627 (90)
Urethral STD diagnosis (gonorrhea, NGU) at visit .03 <.001
Yes 49 (14) 13 (26) 14,303 (41) 2303 (45)
No 295 (86) 37 (74) 20,759 (59) 2812 (55)

Note. Data are no. (%) of visits. NGU, nongonococcal urethritis; STD,

# No. of visits made by 385 patients.
® No. of visits made by 26,200 patients.

analysis. Separate regression models were developed for each
group of patient visits and were assessed for goodness of fit
and absence of multicollinearity. All regression models for both
groups of patient visits used prevalence rate ratios (PRRs) with
95% confidence intervals (CIs) to compare HIV prevalence
between testing visits for circumcised men and those for un-
circumcised men, adjusted for potential confounding factors
identified in other studies: patient age (=25 vs. <25 years), new
diagnosis of ulcerative (syphilis or genital herpes) or urethral
(gonorrhea or nongonococcal urethritis) infection, visit year,
and clinic location. In both models, the correlation of multiple
clinic visits by the same individual patient was accounted for
by using general estimating equations with an exchangeable
correlation structure [19, 20].

All statistical analyses were conducted using SAS software
(version 9.1; SAS Institute). An « level of .05 was used to
determine statistical significance, and all statistical tests were
2-tailed.

RESULTS

Of 112,703 total STD clinic visits by male patients from 1993
to 2000, 40,571 (36%) were made by 26,448 men who were
African American, did not inject drugs, reported sex only with
women, and underwent HIV testing during the visit. Of 72,132
visits excluded from analysis, 64,192 were excluded because
there was no record of HIV testing. Of visits with a record of
HIV testing, 468 were further excluded because of a previous
positive or indeterminate HIV test result, 7379 because of ac-
knowledged HIV risk factors other than penile-vaginal sex (i.e.,
sex with men or injection or needle-sharing behavior) or con-

dom use, and 2203 because the patients were of other racial/

sexually transmitted disease.

ethnic categories. Some visits were excluded for multiple
reasons.

Among the 40,571 visits included in the analysis, the majority
were made by men who were circumcised (87%) and who were
=25 years old (63%). Ulcerative and urethral STDs were di-
agnosed during 6% and 41% of visits, respectively. Overall, 394
visits (1%) were made by male patients who were named as
sexual contacts of HIV-infected sex partners within the past
year and had been referred by disease-intervention specialists;
these visits were considered to involve known HIV exposure.
For 237 visits (60%), men received either written or in-person
notification of their exposure to HIV by a disease-intervention
specialist; for the remaining 157 visits (40%), men had been
notified of HIV exposure by their partners.

For the remaining 40,177 visits (99%), HIV exposure status
was unknown. For 34,055 clinic visits (85% of all visits with
unknown HIV exposure), at least 1 reason for the visit was
specified; having symptoms was the most common reason
(23,205 visits), followed by seeking a check-up (5943 visits),
seeking HIV testing (3123 visits), being a sexual contact of a
partner with an STD (other than HIV infection) (4532 visits),
and seeking follow-up for an earlier positive test result for
gonorrhea, chlamydia, or syphilis (368 visits); some clinic visits
were indicated for multiple reasons.

Visits by men who were circumcised differed demographi-
cally and clinically from visits by men who were not circum-
cised, for both visits with known HIV exposure and visits with
unknown HIV exposure (table 1). Relative to visits by circum-
cised men, visits by uncircumcised men were significantly more
frequent among patients =25 years old and among those who
had a urethral STD diagnosed during the visit. Uncircumcised
men also were more likely to have an ulcerative STD diagnosed
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in both visit groups, although this finding was statistically sig-
nificant only when HIV exposure status was unknown.

Overall, the prevalence of HIV infection was >4 times as high
among the 394 clinic visits by patients with known HIV ex-
posure than among the 40,177 visits by patients with unknown
HIV exposure (11.7% vs. 2.6%). The association between cir-
cumcision and the risk of prevalent HIV infection varied de-
pending on whether visits were made by patients who had
known sexual contact with an HIV-infected partner (table 2).
Among the 394 visits by patients with known HIV exposure,
circumcision was associated with a significant 51% reduction
in HIV prevalence after adjustment for demographic and be-
havioral characteristics (10.2% vs. 22.0%; adjusted PRR, 0.49
[95% CI, 0.26-0.93]). Although the point estimates for older
age and diagnosis of ulcerative STD suggested a moderately
elevated risk, these factors did not reach significance in mul-
tivariable analyses. By contrast, among the 40,177 visits by pa-
tients with unknown HIV exposure, circumcision was not as-
sociated with reduced HIV prevalence in multivariable analyses
comparing circumcised and uncircumcised men (2.5% vs.
3.3%; adjusted PRR, 1.00 [95% CI, 0.86-1.15]) (table 2). For
this group, HIV prevalence was significantly higher among visits
by patients who were =25 years old (adjusted PRR, 3.58 [95%
CI, 2.97-4.32]) and for those who had an ulcerative STD di-
agnosed at the visit (adjusted PRR, 2.33 [95% CI, 2.00-2.71])
and was significantly lower for visits by patients who had a
urethral STD diagnosed (adjusted PRR, 0.63 [95% CI, 0.56—
0.71]).

DISCUSSION

Consistent with recently published results from 3 randomized
controlled trials in South Africa, Uganda, and Kenya [7-9] and
numerous observational studies [5, 6], our finding among Af-
rican American men in Baltimore with known HIV exposure
further corroborates the theory that circumcision reduces the
risk of heterosexually acquired HIV infection. The ~50% re-
duction in prevalence observed among patients with known
HIV exposure is of comparable magnitude to the risk reduction
reported across the 3 African trials (range, 48%—60% [7-9]).
This analysis also provides a rare examination of the association
between male circumcision status and heterosexual risk of HIV
infection among a cohort of men in the United States, a group
for which existing data are limited. To our knowledge, only 3
other US-based evaluations have reported on this association—
2 were conducted among attendees at STD clinics [11, 12], and
1 was conducted among participants in the National Health
and Nutrition Examination Surveys [13]. Although these stud-
ies suggested that circumcision may be associated with reduced
HIV risk, their findings were limited by either a small sample
[11, 12] or extremely low HIV prevalence [13], with no findings
attaining statistical significance.

We documented that the protective association between male
circumcision and the risk of HIV infection in this populations
of heterosexual STD clinic patients was evident and significant
only when analyses were restricted to visits by patients with
known exposure to infected sex partners. Given the difficulties

Table 2. Association between male circumcision status and prevalent HIV infection (and between selected covariates and prevalent
HIV infection) among STD clinic visits made by heterosexual African American male patients, Baltimore, Maryland, 1993-2000, according

to knowledge of partner's HIV status.

Visits by patients with known
HIV exposure (n = 394)

Visits by patients with unknown
HIV exposure (n = 40,177)

Visits, po}:ilt\iile, PRR (95% Cl) Visits, pozlilt\iie, PRR (95% Cl)

Variable no. % Unadjusted Adjusted® no. % Unadjusted Adjusted®
Circumcised

Yes 344 10.2 0.46 (0.19-0.85) 0.49 (0.26-0.93) 35,062 25 0.77 (0.65-0.90) 1.00 (0.86-1.15)

No 50 22.0 1.00 (referent) 1.00 (referent) 5115 3.3 1.00 (referent) 1.00 (referent)
Age

=25 years 330 124 1.59 (0.65-3.87) 1.48 (0.60-3.66) 25,158 3.6 3.82 (3.20-4.55) 3.58 (2.97-4.32)

<25 years 64 7.8 1.00 (referent) 1.00 (referent) 15,019 1.0 1.00 (referent) 1.00 (referent)
Ulcerative STD diagnosis

Yes 17 23.5 2.11 (0.86-5.21) 1.58 (0.56-4.42) 2311 7.0 3.01 (2.566-3.54) 2.33 (2.00-2.71)

No 377 1.1 1.00 (referent) 1.00 (referent) 37,866 2.3 1.00 (referent) 1.00 (referent)
Urethral STD diagnosis

Yes 62 9.6 0.80 (0.36-1.81) 0.70 (0.30-1.61) 16,606 1.6 0.50 (0.44-0.57) 0.63 (0.56-0.71)

No 332 111 1.00 (referent) 1.00 (referent) 23,574 3.3 1.00 (referent) 1.00 (referent)

Note. Cl, confidence interval; PRR, prevalence rate ratio; STD, sexually transmitted disease.

@ PRR for HIV infection for patient visits by circumcised vs. uncircumcised men, adjusted for age (=25 vs. <25 years), new diagnosis of ulcerative (syphilis
and/or genital herpes) or urethral (gonorrhea and/or nongonococcal urethritis) STD, year of visit, and clinic location.
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of measuring exposure to infection [21, 22], our ability to
isolate reduced HIV risk associated with circumcision among
patients with known HIV exposure represents a significant
methodological advancement over most other observational
studies. Such studies generally examine circumcision and HIV
risk among entire populations, in which the overall HIV prev-
alence is considerably lower and key unmeasured factors related
to the risk of infection may differ between circumcised and
uncircumcised men. (The single notable exception was a pro-
spective cohort study in Uganda among HIV-discordant cou-
ples [23], in which the incidence of HIV infection among men
with infected female partners was lower for circumcised than
for uncircumcised men.) The magnitude of protection provided
by circumcision may thus have been underestimated in most
other observational studies because of several factors, possibly
including confounding by differences in HIV risk between cir-
cumcised and uncircumcised men and a lower prevalence of
HIV infection among the pool of female sex partners (com-
pared with the present study).

Our examination of male circumcision and HIV risk among
sexual contacts of HIV-infected partners represents a new ap-
plication of the technique we first employed to reduce con-
founding in observational studies estimating the protective ef-
fect of condom use [17]. In that evaluation, there was a
markedly stronger association between condom use and the
prevention of gonorrhea and chlamydia when analyses were
restricted to STD clinic patients with known exposure to these
diseases than when analyses included all patients. Collectively,
these and other recent analyses [16, 23-26] illustrate that, in
studies that are not randomized, the expected benefits of in-
terventions to prevent STD (including circumcision and use of
condoms) are most likely to be demonstrated when the exposed
and unexposed groups are similar with regard to potentially
confounding factors and when the prevalence of infection in
the partner pool is higher. They also lend further evidence that
restricting the study population to persons with infected sex
partners is useful for estimating the risk reduction associated
with interventions in situations in which confounding is sus-
pected and randomized trials are either unethical or not
feasible.

As we have noted elsewhere [17], several advantages are of-
fered by this retrospective design for evaluating whether inter-
ventions reduce the risk of acquiring an STD. By using the
patient’s clinic referral as evidence of having an infected partner,
this design uses the existing STD clinic framework for partner
notification to identify persons with infected sex partners and
thus avoids the additional expense of HIV or STD testing or
the active recruitment and enrollment of subjects. Although
our analysis assessed the association between circumcision and
the risk of HIV acquisition among men who have sex with
women, this method of identifying patients with infected part-

ners could be extended to men who have sex with men, among
whom published studies of the benefits of circumcision are
limited in number, lack information on the infection status of
partners, and have yielded conflicting results [27-31]. Appli-
cation of this method to populations of men who have sex
with men is particularly important in the United States, given
that the majority of HIV infections diagnosed here have been
concentrated in this population.

Our findings are subject to some limitations. First, unlike
the 3 randomized trials of adult circumcision [7-9], our analysis
was based on observational data. However, the conduct of a
randomized trial of circumcision among heterosexual men
would probably be impractical or prohibitively expensive in the
United States [10] given that the incidence of HIV infection is
very low [14], particularly among men who do not have sex
with men and do not inject drugs, and that the proportion of
men who are circumcised is high (~80%) [13, 32]. Second, in
part because our analysis was based on existing clinic records,
we lacked information as to whether patients had intercourse
with their partners while they were infected, the frequency of
sexual exposure, and the stage of disease in the HIV-infected
partner—or whether these factors varied by circumcision status.
This type of information (particularly high—frequency expo-
sure to HIV-infected partners [33]) may be related to the re-
duction in HIV risk observed for circumcised men in other
studies. Similarly, because we examined only patients who
sought care at an STD clinic and specifically visits during which
patients agreed to HIV testing, we could not address the pos-
sibility of selection bias associated with these factors.

Third, because of how circumcision status was ascertained
in the clinic record (i.e., the default was to classify men as
circumcised), the prevalence of circumcision may have been
overestimated because of incomplete marking of the clinical
record. Any misclassification of circumcision status should have
been independent of the HIV infection status of patients, how-
ever, given that circumcision status was assessed before HIV
test results were available; such misclassification generally biases
associations toward the null hypothesis [34]. Finally, although
we attempted to restrict potential HIV exposures to penile-
vaginal intercourse, some patients may have been unwilling to
report other HIV risk behaviors, such as intravenous drug use
and sex with other men. Taken together, these limitations likely
bias our results toward showing no protective effect of male
circumcision against HIV infection.

Our analysis also had several strengths. First, we were able
to identify a sufficiently large cohort of men with known ex-
posure to HIV-positive partners to evaluate whether male cir-
cumcision was associated with reduced risk of infection. Sec-
ond, we assessed circumcision status as determined by clinicians
during the standard physical examination rather than from
patient self-reports. Although imperfect [34], clinician-deter-
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mined measures of circumcision are less prone to error and
misclassification [6]. Third, although our analysis was cross-
sectional, the reverse-causality problem typically associated with
such studies may not have been applicable in this case, because
nearly all circumcised men in the United States undergo the
procedure as infants [10]. Finally, our findings of different as-
sociations between circumcision status and HIV infection status
in patients with known versus those with unknown HIV ex-
posure are reinforced by the fact that we observed many of the
same predictors of HIV infection seen in other studies [12, 35,
36].

Whether a randomized trial examining the use of circum-
cision for preventing heterosexually acquired HIV infection is
warranted in the United States was among the questions con-
sidered at a recent consultation convened by the Centers for
Disease Control and Prevention [37]. Experts who discussed
this question concluded that such a trial was probably not
necessary, given the biological plausibility for risk reduction
and the consistency of results observed across epidemiologic
studies, particularly the 3 recent randomized trials. (For men
who have sex with men, the consultants concluded that there
were insufficient data on the impact of circumcision and rec-
ommended that such data be gathered.) Future studies should
examine how many heterosexually acquired HIV infections
could be averted in the United States by adding adult male
circumcision to existing HIV prevention intervention efforts.

In summary, circumcision was associated with significantly
reduced HIV prevalence among a cohort of African American
heterosexual men with known HIV exposure who were at-
tending Baltimore STD clinics. This study provides evidence
that the results of randomized trials in Africa as well as other
observational studies that have been conducted among hetero-
sexual men can be generalized to the US context. These findings
also demonstrate that the benefits of circumcision may be most
evident in observational studies of male patient populations
with documented exposure to HIV-infected female partners.

Acknowledgment

We thank Peter Taylor, Greg Millett, and Thomas Peterman for their
careful review of early drafts of the manuscript.

References

1. World Health Organization and Joint United Nations Programme on
HIV/AIDS (UNAIDS). Male circumcision: global trends and deter-
minants of prevalence, safety, and acceptability. Geneva: World Health
Organization, 2007.

2. Donoval BA, Landay AL, Moses S, et al. HIV-1 target cells in foreskins
of African men with varying histories of sexually transmitted infections.
Am ] Clin Pathol 2006; 125:386-91.

3. Patterson BK, Landay A, Siegel JN, et al. Susceptibility to human im-
munodeficiency virus-1 infection of human foreskin and cervical tissue
grown in explant culture. Am J Pathol 2002;161:867-73.

4. McCoombe SG, Short RV. Potential HIV-1 target cells in the human
penis. AIDS 2006;20:1491-5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Weiss HA, Quigley MA, Hayes R]. Male circumcision and risk of HIV

infection in sub-Saharan Africa: a systematic review and meta-analysis.
AIDS 2000; 14:2361-70.

. Siegfried N, Muller M, Deeks J, et al. HIV and male circumcision—a

systematic review with assessment of the quality of studies. Lancet
Infect Dis 2005; 5:165-73.

. Auvert B, Taljaard D, Lagarde E, Sobngwi-Tambekou J, Sitta R, Puren

A. Randomized, controlled intervention trial of male circumcision for
reduction of HIV infection risk: the ANRS 1265 trial [see comment].
PLoS Med 2005;2:€298 (erratum: PLoS Med 2006; 3:€226).

. Gray RH, Kigozi G, Serwadda D, et al. Male circumcision for HIV

prevention in men in Rakai, Uganda: a randomised trial [see com-
ment]. Lancet 2007;369:657-66.

. Bailey RC, Moses S, Parker CB, et al. Male circumcision for HIV

prevention in young men in Kisumu, Kenya: a randomised controlled
trial [see comment]. Lancet 2007; 369:643-56.

Sullivan PS, Kilmarx PK, Peterman TA, et al. Male circumcision for
prevention of HIV transmission: what the new data mean for HIV
prevention in the United States. PLoS Med 2007; 4:e233.

Telzak EE, Chiasson MA, Bevier PJ, Stoneburner RL, Castro KG, Jaffe
HW. HIV-1 seroconversion in patients with and without genital ulcer
disease: a prospective study. Ann Intern Med 1993;119:1181-6.
Kassler WJ, Zenilman JM, Erickson B, Fox R, Peterman TA, Hook EW
III. Seroconversion in patients attending sexually transmitted disease
clinics. AIDS 1994; 8:351-5.

Xu F, Markowitz LE, Sternberg MR, Aral SO. Prevalence of circum-
cision and herpes simplex virus type 2 infection in men in the United
States: the National Health and Nutrition Examination Survey (NHA-
NES), 1999-2004. Sex Transm Dis 2007; 34:479-84.

McQuillan GM, Kruszon-Moran D, Kottiri BJ, et al. Prevalence of HIV
in the US household population: the National Health and Nutrition
Examination Surveys, 1988 to 2002. ] Acquir Immune Defic Syndr
2006;41:651-6.

Centers for Disease Control and Prevention. Cases of HIV infection
and AIDS in the United States and dependent areas, 2005. HIV/AIDS
Surveillance Report, vol 17. Revised ed. Atlanta: Centers for Disease
Control and Prevention, 2007.

Warner L, Macaluso M, Austin HD, et al. Application of the case-
crossover design to reduce unmeasured confounding in studies of con-
dom effectiveness. Am J Epidemiol 2005; 161:765-73.

Warner L, Newman DR, Austin HD, et al. Condom effectiveness for
reducing transmission of gonorrhea and chlamydia: the importance of
assessing partner infection status. Am J Epidemiol 2004; 159:242-51.
Kleinbaum DG, Klein M. Logistic regression: a self-learning text. 2nd
ed. New York: Springer-Verlag, 2002.

Liang KY, Zeger SL. Longitudinal data analysis using generalized linear
models. Biometrika 1986;73:13-22.

Zeger SL, Liang KY. Longitudinal data analysis for discrete and con-
tinuous outcomes. Biometrics 1986;42:121-30.

Halloran ME, Longini IM Jr. Using validation sets for outcomes and
exposure to infection in vaccine field studies. Am J Epidemiol 2001;
154:391-8.

Thomas JC, Stratton S. Sexual transmission. In: Thomas JC, Weber
DS, eds. Epidemiologic methods for the study of infectious diseases.
New York: Oxford University Press, 2001:267-87.

Quinn TC, Wawer MJ, Sewankambo N, et al. Viral load and hetero-
sexual transmission of human immunodeficiency virus type 1. Rakai
Project Study Group. N Engl ] Med 2000; 342:921-9.

Niccolai LM, Rowhani-Rahbar A, Jenkins H, Green S, Dunne DW.
Condom effectiveness for prevention of Chlamydia trachomatis infec-
tion. Sex Transm Infect 2005; 81:323—5.

Wald A, Langenberg AG, Link K, et al. Effect of condoms on reducing
the transmission of herpes simplex virus type 2 from men to women.
JAMA 2001;285:3100—6.

Weller S, Davis K. Condom effectiveness in reducing heterosexual HIV
transmission. Cochrane Database Syst Rev 2001:CD003255.
Buchbinder SP, Vittinghoff E, Heagerty PJ, et al. Sexual risk, nitrite

Male Circumcision in the US « 161



28.

29.

30.

31.

32.

inhalant use, and lack of circumcision associated with HIV serocon-
version in men who have sex with men in the United States. ] Acquir
Immune Defic Syndr 2005; 39:82-9.

Mor Z, Kent CK, Kohn RP, Klausner JD. Declining rates in male
circumcision amidst increasing evidence of its public health benefit.
PLoS ONE 2007;2:e861.

Millett GA, Ding H, Lauby J, et al. Circumcision status and HIV
infection among black and Latino men who have sex with men in 3
US cities. ] Acquir Immune Defic Syndr 2007; 46:643-50.

Kreiss JK, Hopkins SG. The association between circumcision status
and human immunodeficiency virus infection among homosexual
men. J Infect Dis 1993; 168:1404-8.

Grulich AE, Hendry O, Clark E, Kippax S, Kaldor JM. Circumcision
and male-to-male sexual transmission of HIV. AIDS 2001; 15:1188-9.
Laumann EO, Masi CM, Zuckerman EW. Circumcision in the United
States: prevalence, prophylactic effects, and sexual practice. JAMA
1997;277:1052—7.

33.

34.

35.

36.

37.

Wawer MJ, Reynolds SJ, Serwadda D, Kigozi G, Kiwanuka N, Gray
RH. Might male circumcision be more protective against HIV in the
highly exposed? An immunological hypothesis. AIDS 2005;19:2181-2.
Diseker RA III, Lin LS, Kamb ML, et al. Fleeting foreskins: the mis-
classification of male circumcision status. Sex Transm Dis 2001;28:
330-5.

Gray RH, Wawer M]J, Brookmeyer R, et al. Probability of HIV-1 trans-
mission per coital act in monogamous, heterosexual, HIV-1-discordant
couples in Rakai, Uganda. Lancet 2001;357:1149-53.

Deschamps MM, Pape JW, Hafner A, Johnson WD Jr. Heterosexual
transmission of HIV in Haiti. Ann Intern Med 1996; 125:324-30.
Centers for Disease Control and Prevention. Consultation on male
circumcision for the prevention of HIV infection and other health
consequences in the United States. Atlanta: Centers for Disease Control
and Prevention, 2007.

162 » Warner et al.



