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Abstract

Background: HIV incidence was substantially lower among circumcised versus uncircumcised heterosexual African men in
three clinical trials. Based on those findings, we modeled the potential effect of newborn male circumcision on a U.S. male’s
lifetime risk of HIV, including associated costs and quality-adjusted life-years saved.

Methodology/Principal Findings: Given published estimates of U.S. males’ lifetime HIV risk, we calculated the fraction of
lifetime risk attributable to heterosexual behavior from 2005–2006 HIV surveillance data. We assumed 60% efficacy of
circumcision in reducing heterosexually-acquired HIV over a lifetime, and varied efficacy in sensitivity analyses. We
calculated differences in lifetime HIV risk, expected HIV treatment costs and quality-adjusted life years (QALYs) among
circumcised versus uncircumcised males. The main outcome measure was cost per HIV-related QALY saved. Circumcision
reduced the lifetime HIV risk among all males by 15.7% in the base case analysis, ranging from 7.9% for white males to
20.9% for black males. Newborn circumcision was a cost-saving HIV prevention intervention for all, black and Hispanic
males. The net cost of newborn circumcision per QALY saved was $87,792 for white males. Results were most sensitive to
the discount rate, and circumcision efficacy and cost.

Conclusions/Significance: Newborn circumcision resulted in lower expected HIV-related treatment costs and a slight
increase in QALYs. It reduced the 1.87% lifetime risk of HIV among all males by about 16%. The effect varied substantially by
race and ethnicity. Racial and ethnic groups who could benefit the most from circumcision may have least access to it due
to insurance coverage and state Medicaid policies, and these financial barriers should be addressed. More data on the long-
term protective effect of circumcision on heterosexual males as well as on its efficacy in preventing HIV among MSM would
be useful.
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Introduction

Three randomized, controlled clinical trials conducted in South

Africa, Kenya, and Uganda found that medical circumcision in men

reduced participants’ risk of HIV infection [1–3]. In these studies,

men who had been randomly assigned to the circumcision group had

a lower (60% in South Africa, 53% in Kenya, and 51% in Uganda)

incidence of HIV infection compared with men assigned to the wait

list group to be circumcised at the end of the study. In a per protocol

analysis, men who had been circumcised had a 76% (South Africa),

60% (Kenya), and 55% (Uganda) reduction in risk of HIV infection

compared to those who were not circumcised. In Kenya, efficacy

increased to 64% when the follow-up period was extended from 24

to 42 months (Bailey RC, Moses S, Parker CB, Agot K, Maclean I,

et al. The protective effect of male circumcision is sustained for at

least 42 months: results from the Kisumu, Kenya trial. XVII

International AIDS Conference. Aug. 3–8, 2008. Mexico City, Mexico.).

Based on the results of these studies, the World Health

Organization (WHO) has recommended that male circumcision

be recognized as an efficacious intervention for HIV prevention in

countries and regions with heterosexual epidemics, high HIV and

low male circumcision prevalence. Circumcision should be

considered as part of a comprehensive HIV prevention package

and not a replacement for known methods of HIV prevention [4].

The WHO noted that the partially-protective effect of male

circumcision for heterosexual men was remarkably consistent

across observational studies as well as across the three randomized,

controlled clinical trials assessed in this paper [5].

In the United States, there are limited observational data on the

protective efficacy of circumcision for heterosexual males; and the

methods used in existing studies differ. A 2008 cross-sectional

study of African-American males attending a sexually transmitted

disease clinic, and with known exposure to HIV, indicated an

adjusted HIV prevalence rate ratio of 0.49 (95% Confidence

Interval [CI]: 0.26–0.93) among circumcised men compared with

uncircumcised men [6]. A 1993 prospective study of men

attending an inner-city sexually transmitted disease clinic, whose

exposure to HIV was calculated based on participants’ reports of
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sex with women of various risk groups, found uncircumcised men

had an adjusted odds ratio of HIV seroconversion of 3.5. The 95%

confidence interval, however, was 0.8 to 15.8 [7].

Among men who have sex with men (MSM), results from a

meta-analysis of 15 observational studies on male circumcision did

not find a statistically significant association between circumcision

and HIV status [8]. An analysis of Australian MSM with a

preference for the insertive role in anal intercourse found a

significant reduction in HIV incidence among circumcised men

with HIV-infected partners or those whose HIV status was

unknown, compared with uncircumcised men (hazard rate 0.11,

95% CI: 0.03–0.8, p = 0.041) [9].

Although mathematical models have demonstrated a potentially

large reduction in HIV incidence among heterosexuals in Africa as

the practice of circumcision increases [10–13], the potential

impact of circumcision is less well-understood in the United States,

where the majority of HIV infection among U.S. males occurs

through sexual contact with other males, and the prevalence of

male circumcision already is high [14,15]. We examine the

potential effectiveness and cost-effectiveness of newborn circum-

cision on reducing a U.S. male’s lifetime risk of HIV by applying

efficacy data from the African trials to the portion of U.S. males’

lifetime HIV risk related to heterosexual contact.

Methods

Institutional review board consideration was not required for

this work because it did not involve the collection or analysis of

primary data. We developed a static Excel-based (Version 2003,

Microsoft Corporation, WA) decision model to compare the

HIV-related costs and quality-adjusted life-years among U.S.

males who are circumcised at birth with those who are not. We

based our analysis on previously published estimates of lifetime

HIV risk for U.S. males[16]. We calculated the expected

difference in lifetime HIV risk among circumcised and

uncircumcised males given the portion of lifetime HIV risk

attributed to heterosexual contact, the prevalence of circumci-

sion in the United States and the observed efficacy of

circumcision on HIV prevention in Africa. Our work is

consistent with reference-case recommendations of the Panel

on Cost-Effectiveness in Health and Medicine for conducting

and reporting cost-effectiveness analyses, including the use of a

societal perspective [17].

Analytic parameters from published sources are in Table 1.

Lifetime HIV risk for U.S. males overall, and by race/ethnicity,

has been estimated at 1.87%, 0.96%, 2.88% and 6.23% among

all, white, Hispanic and black males, respectively[16].

Based on the African adult circumcision trial data, we assumed

the efficacy of circumcision for the prevention of heterosexually

acquired HIV was 60% over a lifetime, compared with

uncircumcised men. In sensitivity analyses, we averaged the lower

and upper bounds from the 95% confidence intervals reported in

the per-protocol analyses from the African trials, 39% and 80%

[1–3]. We assumed in the base case that circumcision conferred no

protection for the MSM transmission category. In a sensitivity

analysis, we assumed as high as a 20% efficacy for that category

[8,9,18–21].

The prevalence of circumcision among U.S. males born from

1940 through 1979 was 79% overall, 88% for white males, 73%

for black males and 42% for Mexican American males [15]. We

Table 1. Key parameters for assessing the cost-effectiveness of newborn circumcision in reducing lifetime HIV risk among U.S.
males.

Variable (reference) Base Range

Lifetime HIV risk among U.S. males[16] (%)
All
Black
Hispanic
White

1.87
6.23
2.88
0.96

95% CI*
1.86–1.89
6.14–6.33
2.78–2.99
0.95–0.98

Lifetime circumcision efficacy (%)
Heterosexually acquired HIV[1–3]
HIV acquired through sex with men{

60
0

95% CI
39–80
0–20

Prevalence of male circumcision[15] (%)
All
Black
Hispanic
White

79
73
42
88

95% CI
77–80
69–77
40–45
87–90

Average age of HIV infection among men (years){ 34 32–36

Remaining life expectancy after HIV infection (years) [23] 32 32

Total life expectancy without HIV infection (years) [24] 77 77

Expected quality-adjusted life-years without HIV infection, discounted to birth 30.81 30.37–30.91

Expected quality-adjusted life-years with HIV infection, depending on year of infection,
discounted to birth [31]

28.66 27.94–28.82

Lifetime cost of HIV discounted to birth ($) [23] 127,298 81,109–165,487

Cost of neonatal circumcision ($) [25,29] 257 216–601

Discount rate (%) 3.0 1.0–5.0

*CI = Confidence Interval.
{Assumption.
{Written communication from R Song, Division of HIV/AIDS Prevention, Centers for Disease Control and Prevention, August 2008.
doi:10.1371/journal.pone.0008723.t001
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applied the circumcision prevalence for Mexican Americans to all

Hispanic males. In sensitivity analyses we used the lower and

upper limits of the 95% confidence interval for circumcision

prevalence among all males and specific to race and ethnicity.

We chose 34 years as the median age of HIV infection among

U.S. males based on 2006 HIV incidence data (written

communication from R Song, Division of HIV/AIDS Preven-

tion, Centers for Disease Control and Prevention, August 2008.

See also [22]). In a sensitivity analysis, we varied the median age

of infection between 30 and 38 years. We assumed a life

expectancy of 32 additional years for males infected with HIV,

and HIV lifetime treatment costs discounted to the time of

infection of $343,129 [23]. We further discounted HIV lifetime

treatment costs at 3% per year from the age of infection to birth

to generate lifetime HIV treatment costs of $127,298. In a

sensitivity analysis, we varied lifetime HIV treatment costs by

25%. We also varied the discount rates for lifetime treatment

costs and quality-adjusted life-years from 0% to 5%. We

assumed that uninfected men had an average life expectancy

of 77 years [24].

The cost of newborn circumcision often includes that for the

physician who performs the procedure and facility-related costs.

We estimated a cost of $257 and a range of $216 to $601, based on

4 published cost estimates plus a review of newborn circumcision

costs in the MarketScan Medicaid database [25–29]. All costs

in the study are adjusted to $US2007, using the medical care

component of the Consumer Price Index.

For all males and by race/ethnicity, we calculated the fraction

of lifetime HIV risk attributable to each transmission category.

The calculation was based on the transmission categories

associated with 2005–2006 new HIV diagnoses of males in the

HIV/AIDS Reporting System in 33 name-based reporting states

(written communication, M. Campsmith, Division of HIV/AIDS

Prevention, Centers for Disease Control and Prevention, July

2008. See also [14,30]). We used the following transmission

categories: MSM, high-risk heterosexuals (HRH), intravenous

drug users (IDU), and others. The HIV/AIDS data also contain

the transmission category MSM/IDU. To simplify our calcula-

tions, we assigned the males in the MSM/IDU HIV transmission

category to either the MSM-only or IDU-only transmission

categories. The assignment of those in the MSM/IDU transmis-

sion category was proportionate to the number of males in the

MSM-only compared with IDU-only category.

The majority of HIV diagnoses (71.4%) for all U.S. males were

associated with sex with men, a route of transmission for which the

efficacy of circumcision appears to be quite limited (Table 2). The

proportion of HIV infections attributable to heterosexual contact

was 15.7% for all males, with considerable variation across race/

ethnicity, ranging from 6.7% for white males to 23.1% for black

males. In sensitivity analyses, we varied the fraction of lifetime risk

attributable to heterosexual contact by 25%.

In our base case analysis, we assumed that the calculated

fraction of lifetime HIV risk attributable to heterosexual activity

reflected a weighted average of the risk among circumcised and

uncircumcised males, and that the lifetime HIV risk of circumcised

males was 60% lower than the lifetime HIV risk of uncircumcised

males. We calculated the lifetime risk of HIV attributable to

heterosexual activity separately for circumcised and uncircumcised

males as follows:

Lh~aLcz 1{að ÞLu and Lc~ 1{gð ÞLu

Where:

Lh~ lifetime risk of HIV from heterosexual contact:

a~ proportion of males circumcised:

Lc~ lifetime risk of HIV from heterosexual contact

among circumcised men:

Lu~ lifetime risk of HIV from heterosexual contact

among uncircumcised men:

g~ circumcision efficacy in preventing HIV:

We then summed the fractions of lifetime risk of HIV associated

with each transmission category separately for circumcised and

uncircumcised men to estimate total lifetime HIV risk. In the base

case, we assumed the lifetime risk of HIV associated with sex with

men, intravenous drug users, and other transmission categories

Table 2. U.S. males’ HIV lifetime risk by transmission category.

All males Black Hispanic White

Lifetime HIV Risk (%)
95% CI

1.87
1.86–1.89

6.23
6.14–6.33

2.88
2.78–2.99

0.96
0.95–0.98

Transmission
category

Attributable
% of HIV
diagnoses

Attributable
portion of
lifetime HIV risk

Attributable %
of HIV
diagnoses

Attributable
portion of
lifetime HIV risk

Attributable %
of HIV
diagnoses

Attributable
portion of
lifetime HIV risk

Attributable %
of HIV
diagnoses

Attributable
portion of
lifetime HIV risk

MSM 71.4 1.33 61.5 3.83 69.2 1.99 84.5 0.81

HRH 15.7 0.29 23.1 1.44 16.2 0.47 6.7 0.06

IDU 12.5 0.23 14.9 .93 14.2 0.41 8.5 0.08

Other 0.4 0.01 ,.01 0.02 0.4 0.01 0.4 ,0.01

doi:10.1371/journal.pone.0008723.t002
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was the same for uncircumcised men as for circumcised men; only

lifetime risk associated with sex with women was different between

the groups of men. We calculated the percentage of difference in

lifetime risk for circumcised versus uncircumcised men and the

number of circumcisions needed to prevent one HIV infection.

We estimated expected lifetime HIV costs among circumcised

and uncircumcised males by multiplying each group’s lifetime risk

of HIV by HIV treatment costs discounted to the time of birth. We

derived expected savings in treatment costs among circumcised

men by subtracting expected lifetime HIV treatment costs among

those men from expected lifetime HIV treatment costs among

uncircumcised men. We estimated net circumcision costs among

circumcised males by subtracting the expected savings in HIV

treatment dollars from the cost of neonatal circumcision. We used

published HIV-related utility estimates to estimate the expected

the number of QALYs saved among circumcised men compared

with uncircumcised males [31].

We performed one-way and multi-way sensitivity analyses to

estimate the effect of various values for each parameter on

incremental cost-effectiveness ratios. We conducted probabilistic

sensitivity analyses, simulating 10,000 iterations for all males and

for black, Hispanic, and white males, to determine the proportion

of incremental cost-effectiveness ratios that fell within thresholds

ranging from cost-saving to $200,000 per QALY saved [32–34].

Results

We estimated that at 60% lifetime efficacy, circumcision would

reduce the lifetime risk of HIV diagnosis for all males by 15.7% in

the base case analysis, and the reduction ranged from 7.9% among

white males to 20.9% for black males (Table 3). The number of

circumcisions needed to prevent one HIV infection was 298 for all

males, and ranged from 65 for black males to 1,231 for white

males. For all males, circumcision increased undiscounted

HIV-related quality-adjusted life expectancy by 19.6 days, and

discounted (at 3%) quality-adjusted life expectancy by 2.6 days.

For all males, circumcision resulted in undiscounted lifetime HIV-

related healthcare savings of $2,070 per male and discounted

lifetime HIV-related healthcare savings of $427. Newborn

circumcision resulted in savings in costs and in quality-adjusted

life-years for all males and for black and Hispanic males. For white

males, newborn circumcision cost $87,792 for each QALY saved,

under base case assumptions.

The variable with the greatest impact on the incremental cost-

effectiveness ratio in one-way sensitivity analyses was the discount

rate, followed by circumcision efficacy in preventing heterosexu-

ally acquired HIV, circumcision cost, and circumcision efficacy in

preventing HIV acquired through sex with men (Table 4). A two-

way sensitivity analysis combining the effect of circumcision

efficacy in preventing heterosexually acquired HIV and the cost of

newborn circumcision indicated the highest incremental cost-

effectiveness ratio for all males is $102,789 when efficacy was

lowest (40%) and the cost of circumcision was highest ($600)

(Table 5).

In a probabilistic sensitivity analysis based on 10,000 iterations,

newborn circumcision was cost-saving for 78.3%, 100%, 88.3%

and .3% of iterations for all, black, Hispanic, and white males,

when no efficacy was assigned to preventing HIV among MSM. It

was cost-saving for 91.0%, 100%, 97.1% and 3.3% of iterations

for the same groups when a 5% efficacy was assumed for MSM

(Table 6). For white males, newborn circumcision was cost-

effective for 67.3% of iterations at a threshold of $150,000 per

QALY saved, and 82.4% of iterations at a threshold of $200,000.

Discussion

A U.S. male has a 1.87% chance of becoming infected with

HIV over his lifetime, and the risk varies substantially by race and

ethnicity, from 0.94% among white males to 6.22% among black

males. Using randomized clinical trial results from Africa, our

analysis shows that newborn circumcision can reduce the lifetime

risk of HIV, and that the protective effect also varies by race/

ethnicity. The reduction is 16% for all males, nearly 21% for black

males, and 8% for white males, given the base case assumption

that the protective effect of circumcision applies only to

heterosexually acquired HIV.

Our analysis indicates that racial and ethnic groups who would

potentially benefit the most from newborn circumcision because

they are at greater risk of HIV transmission through heterosexual

contact, currently, have a lower prevalence of circumcision than

white males. Circumcision prevalence was 73% for black males

and 42% for Mexican American males, compared with 88%

among white males [15]. Based on our estimated number needed

to treat and the 2006 male birth cohorts for blacks (314,670),

Hispanics (530,971), and whites (1,184,120), if the entire racial/

ethnic cohort were circumcised instead of the proportions reported

Table 3. Key cost-effectiveness outcomes for newborn circumcision and the reduction of lifetime HIV risk among U.S. males.

All males Black Hispanic White

Lifetime HIV risk without circumcision (%) 2.14 7.35 3.04 1.03

Lifetime HIV risk with circumcision (%) 1.80 5.82 2.66 0.95

Reduction in lifetime HIV risk (%) 15.7 20.9 12.3 7.9

Number needed to treat to prevent 1 HIV infection 298 65 268 1,231

Expected lifetime HIV treatment costs (discounted) without circumcision ($) 2,718 9,359 3,866 1,313

Expected lifetime HIV treatment costs (discounted0 with circumcision ($) 2,291 7,402 3,391 1,210

Savings in expected lifetime HIV treatment costs ($) 427 1,956 475 103

Net provider costs ($) 2170 21,699 2218 154

Expected QALYs (discounted) with circumcision 30.77 30.68 30.75 30.787

Expected QALYs (discounted) without circumcision 30.76 30.65 30.74 30.785

QALYs saved .007 .033 .008 .002

Net costs/QALY saved ($) Cost saving Cost saving Cost saving 87,792

doi:10.1371/journal.pone.0008723.t003

Newborn Circumcision and HIV

PLoS ONE | www.plosone.org 4 January 2010 | Volume 5 | Issue 1 | e8723



above, then 1,307 HIV infections would be prevented among the

cohort of black males, or 6.7% of those expected over their

lifetimes, 1,149 (7.5%) cases would be prevented among Hispanic

males, and 115 (1.0%) of those expected among white males. [35]

Parents, in consultation with their physician, family members and

other health care professionals, decide whether newborn circum-

cision is performed, and these decisions often are made based on

religious or cultural grounds. The decision may be constrained,

however, by health care reimbursement policies. In a 1995 review,

61% of circumcisions were paid for by private insurance, 36% by

Medicaid, and 3% by the parents [36]. In 1999, the American

Academy of Pediatrics revised its policy on newborn circumcision to

state that ‘‘existing scientific evidence demonstrates potential

medical benefits of newborn male circumcision; however, these

data are not sufficient to recommend routine neonatal circumcision

[37].’’ Currently, a number of states have eliminated Medicaid

payments for circumcisions not deemed medically necessary [38]. In

states whose Medicaid program covers neonatal circumcision, rates

were reported to be more than twice as high (69.6%) as in states

whose Medicaid program does not pay for male circumcision

(31.2%) [39]. In these latter states, populations most likely to benefit

from newborn circumcision may be least able to obtain it. In 2005,

40% of Hispanic children and 46% of black children were covered

by Medicaid, compared with 19% of white children [40].

Table 4. One-way sensitivity analyses: incremental cost of newborn circumcision per quality-adjusted life-year saved for all U.S.
males and by race/ethnicity.

All males ($) Black males ($) Hispanic males ($) White males ($)

Base case CS CS* CS 87,792

Discount rate = 1% CS CS CS CS

Discount rate = 5% 52,778 CS 40,740 429,923

Heterosexual efficacy = 39% 12,816 CS CS 255,422

Heterosexual efficacy = 80% CS CS CS 9,964

Cost of circumcision = $216 CS CS CS 64,351

Cost of circumcision = $601 24,011 CS 15,697 284,474

MSM efficacy = 5% CS CS CS 37,402

MSM efficacy = 10% CS CS CS 11,018

MSM efficacy = 20% CS CS CS CS

Proportion of HIV risk from heterosexual contact: 25% decrease from baseline CS CS CS 136,772

Proportion of HIV risk from heterosexual contact: 25% increase from baseline CS CS CS 58,404

Age of HIV infection = 30 years CS CS CS 60,377

Age of HIV infection = 38 years CS CS CS 133,730

Discounted lifetime HIV treatment costs = $89,109 CS CS CS 105,536

Discounted lifetime HIV treatment costs = $165,487 CS CS CS 70,048

Circumcision prevalence: lower limit of 95% confidence CS CS CS 89,660

Circumcision prevalence: upper limit of 95% confidence interval CS CS CS 84,057

CS* = cost saving.
doi:10.1371/journal.pone.0008723.t004

Table 5. Two-way sensitivity analysis of efficacy of circumcision related to heterosexually-transmitted HIV and cost of newborn
circumcision on incremental cost per HIV-related quality-adjusted life-year saved for all U.S. males.

Lifetime efficacy of newborn circumcision in preventing heterosexually-acquired HIV among U.S. males

Cost of newborn circumcision 40% 45% 50% 55% 60% 65% 70% 75% 80%

$200 CS* CS CS CS CS CS CS CS CS

$250 $8,326 CS CS CS CS CS CS CS CS

$300 $21,821 $8,668 CS CS CS CS CS CS CS

$350 $35,316 $19,971 $7,695 CS CS CS CS CS CS

$400 $48,811 $31,274 $17,244 $5,765 CS CS CS CS CS

$450 $62,305 $42,576 $26,793 $13,879 $3,118 CS CS CS CS

$500 $75,800 $53,879 $36,342 $21,993 $10,036 CS CS CS CS

$550 $89,295 $65,181 $45,891 $30,107 $16,955 $5,825 CS CS CS

$600 $102,789 $76,484 $55,439 $38,221 $23,873 $11, 732 $1,325 CS CS

*Cost saving.
doi:10.1371/journal.pone.0008723.t005

Newborn Circumcision and HIV

PLoS ONE | www.plosone.org 5 January 2010 | Volume 5 | Issue 1 | e8723



Our results show that newborn circumcision is usually cost

saving in the United States because of the low cost of the

procedure, current lifetime risk of HIV among U.S. males and the

high cost of treating HIV. Previous economic evaluations of

newborn circumcision in the U.S. were published before data on

HIV prevention from the African trials became available. Those

studies typically focused on costs and benefits of circumcision-

associated conditions other than HIV and other STIs. Even when

these benefits were included, the magnitude of the benefit and the

lifetime HIV risk among males were not as well understood. One

study found the expected lifetime cost of circumcision was small,

compared with larger expected benefits [25]. Two of the studies

estimated that both costs and benefits were too small to play an

influential role in the decision whether to perform the procedure

[27,28]. One study found that negative outcomes associated with

circumcision outweighed the benefits [26].

Newborn circumcision for white males in the United States did

not generate cost-saving results. White males already have a high

prevalence of circumcision (88%), a low lifetime risk of HIV

(0.96%) and a low risk of acquiring HIV through heterosexual

contact (6.7%) compared with black and Hispanic males, so

additional circumcisions provide little benefit. The incremental

cost-effectiveness ratio for the base case analysis for white males

was $87,792. A probabilistic sensitivity analysis showed that the

incremental cost-effectiveness ratio fell below $150,000 67.3% of

the time and below $200,000 82% of the time. Historically, a

common cost-effectiveness threshold in the U.S. has been $50,000

per quality-adjusted life-year saved. A more recent analysis of

society’s current willingness to pay for an extra year of life

suggested a range of $183,000 to $264,000 [32]. Others have

suggested a threshold approaching $200,000 or more [33]. The

World Health Organization considers a country-specific threshold

equal to three times the country’s per-capita gross domestic

product [34]. In 2007, the U.S. per capita gross domestic product

was $46,800, or $140,400 when tripled [41].

The choice of discount rate had the biggest effect on the

incremental cost-effectiveness ratio. The impact of discounting is

particularly large in this analysis because the intervention costs are

assumed immediately at birth, but the prevention benefits do not

begin to accrue until more than three decades later. In our base

case, we used the recommended 3% discount rate [17]. Further

guidance on how best to discount benefits that occur in adulthood

following interventions delivered in childhood would be helpful.

Other important factors in the one-way sensitivity analysis were

lifetime efficacy of circumcision in preventing heterosexually-

acquired HIV and the cost of newborn circumcision. However,

even the least favorable inputs generated cost-effective results for

all males. Nonetheless, more research on the long-term efficacy of

circumcision would be useful.

We note that even a modest efficacy in preventing HIV

transmission among MSM makes the procedure more cost-effective.

For white males, an efficacy of 5% improves the cost-effectiveness

ratio from $87,792 in the base case to $37,402. An efficacy of 20%

makes the procedure cost saving for white males. Currently, there

are no data from randomized clinical trials on the benefits of

circumcision in preventing HIV among MSM. These data would be

useful in determining the impact of newborn circumcision on HIV

epidemics in developed countries where a significant number of

HIV infections occur through sex among MSM.

Our analysis has two limitations that, if considered, would make

neonatal circumcision more cost-effective. First, our analysis did

not include other health benefits associated with the procedure.

Lack of male circumcision has been associated with increased

incidence of sexually transmitted ulcer disease, infant urinary tract

infections, penile cancer, and cervical cancer in the female

partners of uncircumcised men [42]. One meta-analysis of the

association between male circumcision and risk of genital ulcer

disease concluded that there was a significantly lower risk of

syphilis and chancroids among circumcised men but less effect on

HSV-2 [43]. Further analyses of the randomized, controlled

circumcision trial in Uganda found a 28% decreased cumulative

probability of HSV-2 over 24 months and a lower prevalence of

high-risk HPV genotypes, but no significant difference in the

incidence of syphilis among circumcised trial participants

compared with those who were not circumcised [44]. Subsequent

multivariate analyses of the South African trial data found a 34%

decrease in the incidence of HSV-2 over 21 months among

circumcised compared with uncircumcised males [45].

Second, we did not count secondary HIV transmissions that

would be prevented among partners of circumcised males who

remained uninfected due to circumcision. Models showing the

benefits of circumcision in Africa indicate benefit to female

partners over time as HIV prevalence among men declines

[10–13].

We did not include two factors that could make neonatal

circumcision for HIV prevention less cost-effective. One was the

cost of adverse events associated with newborn circumcision. In

large studies of newborn circumcision in the U.S., complication

rates ranged from 0.2% to 2%, most commonly minor bleeding

and local infection [42]. Another study found a complication rate

of .22% (mostly bleeding) among newborns who were circumcised

before discharge from the hospital, compared with .01% among

those who were not circumcised. The circumcised newborns with

complications had an average hospital stay of 2.81 days compared

with 2.26 days among those circumcised but without complica-

tions [46].

Also, we did not attempt to model potential changes in risky

sexual behaviors among circumcised men. The South African

circumcision trial showed that men in the intervention group had

significantly more sex acts (but not partners) over the course of the

trial, although the protective effect of circumcision remained [1].

The Kenyan and Ugandan trials reported that circumcised men

Table 6. Probability of the cost of newborn circumcision per
HIV-related quality-adjusted life year saved falling within
selected thresholds for all, black, Hispanic and white U.S.
males, with efficacy for the prevention of HIV among MSM
equal to 0% and 5%.

MSM efficacy = 0%

Threshold cost-
effectiveness values ($)

All Black Hispanic White

Cost saving 78.3% 100% 88.3% 0.3%

50,000 99.3% 100% 99.9% 13.7%

100,000 100% 100% 100% 41.9%

150,000 100% 100% 100% 67.3%

200,000 100% 100% 100% 82.4%

MSM efficacy = 5%

Cost saving 91.0% 100% 97.1% 3.3%

50,000 100% 100% 100% 46.5%

100,000 100% 100% 100% 82.0%

150,000 100% 100% 100% 94.8%

200,000 100% 100% 100% 98.6%

doi:10.1371/journal.pone.0008723.t006
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did not practice riskier sexual behaviors during those trials [2,3].

In Kenya, risk behaviors among circumcised and uncircumcised

men declined over a 12-month period during the trial [47]. As the

benefits of circumcision in preventing heterosexually acquired

HIV become more widely known, circumcised men and their

partners may practice riskier sexual behaviors. On the other hand,

men who have been circumcised since birth may be less likely to

take their circumcision status into account when determining the

level of risk acceptable to them and their partners. Sexual risk

practices should be monitored over time through surveys and safe

sex practices should continue to be encouraged among circum-

cised males and their partners.

We based our analysis on current estimates of lifetime HIV risk,

HiV transmission categories, circumcision prevalence, and costs of

both newborn circumcision and lifetime HIV treatment. These

estimates could change in ways that might make neonatal

circumcision more or less cost-effective over the lifetime of a male

born today.

Although our study accounted for the differences U.S. and

African males in HIV and circumcision prevalence and mode of

HIV transmission, we assumed the protective effect of circumci-

sion observed in the African trials was applicable to U.S. males.

The efficacy of circumcision in all three of the randomized African

trials, which occurred in three different countries, was remarkably

similar. Randomizing participants to immediate or delayed

circumcision is likely to have controlled for other factors that

would have made HIV acquisition more or less likely to occur in

the intervention versus the control groups. It is possible that the

protective effect of circumcision in the African trials was due to the

prevention of HSV-2, which then prevented the acquisition of

HIV, and so the protective effect of circumcision in the United

States would be reduced because of the lower HSV-2 prevalence

among U.S. males. However, investigators from the South African

trial reported that the protective effect of circumcision appeared to

be independent of HSV-2 serostatus. Moreover, the prevalence of

HSV-2 among the South African trial participants was similar to

that among U.S. males [45,48]. Investigators from the Ugandan

trial reported that genital ulcer disease played at most a modest

role in the protection of HIV afforded by circumcision [49]. Thus,

while the absolute incidence of HIV observed among heterosexual

men in the African trials is much larger than that among U.S.

heterosexual males, we assumed the relative 60% decrease in

heterosexual transmission among circumcised compared with

uncircumcised males would hold true regardless of the underlying

prevalence of HIV, circumcision or HSV-2.

This paper evaluates the efficacy of newborn circumcision solely

in the prevention of HIV, and it indicates that the procedure is

cost saving under most scenarios. The greatest risk reduction

occurs for black and Hispanic males. Although our analysis

suggests that newborn circumcision will not have a large impact on

the HIV epidemic in the United States, it could play a role in

reducing the number of new cases of HIV; particularly when used

with other efficacious prevention interventions. Considering

variations in lifetime risk of HIV and circumcision prevalence

among racial and ethnic groups in the U.S., newborn circumcision

may provide one additional tool in reducing longstanding

disparities in HIV incidence [50]. Financial barriers that prevent

parents from having the choice to circumcise their male newborns

should be reduced or eliminated.

Acknowledgments

The authors would like to acknowledge Dr. Paul Farnham, Dr. Peter H.

Kilmarx, Dr. Timothy D. Mastro, Dr. Thomas A. Peterman, and Dr.

Dawn K. Smith, of the National Center for HIV, Hepatitis, STD and TB

Prevention, Centers for Disease Control and Prevention, for help in

conceptualizing and reviewing the analysis. The findings and conclusions

in this report are those of the author(s) and do not necessarily represent the

official position of the Centers for Disease Control and Prevention.

Author Contributions

Conceived and designed the experiments: SLS VSP ABH. Analyzed the

data: SLS VSP ABH QA HIH RKS AL AWT. Contributed reagents/

materials/analysis tools: SLS QA HIH RKS AL AWT. Wrote the paper:

SLS VSP ABH RKS.

References

1. Auvert B, Taljaard D, Lagarde E, Sobngwi-Tambekou J, Sitta R, et al. (2005)
Randomized, controlled intervention trial of male circumcision for reduction of

HIV infection risk: The ANRS 1265 trial. PLoS Med 2(11): e298.

2. Bailey RC, Moses S, Parker CB, Agot K, Maclean I, et al. (2007) Male
circumcision for HIV prevention in young men in Kisumu, Kenya: A

randomised controlled trial. Lancet 369(9562): 643–56.

3. Gray RH, Kigozi G, Serwadda D, Makumbi F, Watya S, et al. (2007) Male

circumcision for HIV prevention in men in Rakai, Uganda: A randomised trial.
Lancet 369(9562): 657–66.

4. WHO (2009) Male circumcision for HIV prevention. Available: http://www.

who.int/hiv/topics/malecircumcision/en/index.html. Accessed 8 December
2009.

5. Weiss HA, Quigley MA, Hayes RJ (2000) Male circumcision and risk of HIV

infection in sub-Saharan Africa: A systematic review and meta-analysis. AIDS

14(15): 2361–70.

6. Warner L, Ghanem KG, Newman DR, Macaluso M, Sullivan PS, et al. (2009)

Male circumcision and risk of HIV infection among heterosexual African

American men attending Baltimore sexually transmitted disease clinics. J Infect
Dis 199(1): 59–65.

7. Telzak EE, Chiasson MA, Bevier PJ, Stoneburner RI, Castro KG, et al. (1993)

HIV-1 seroconversion in patients with and without genital ulcer disease: a

prospective study. Ann Intern Med 119: 1181–6.

8. Millett GA, Flores SA, Marks G, Reed JB, Herbst JH (2008) Circumcision status

and risk of HIV and sexually transmitted infections among men who have sex

with men: a meta-analysis. JAMA 300(14): 1674–1684.

9. Templeton DJ, Jin F, Mao L, Prestage GP, Donovan B, et al. (2009)

Circumcision and risk of HIV infection in Australian homosexual men. AIDS

23(17): 2347–2351.

10. Gray RH, Li X, Kigozi G, Sewadda D, Nalugoda F, et al. (2007) The

impact of male circumcision on HIV incidence and cost per infection

prevented: A stochastic simulation model from Rakai, Uganda. AIDS 21:

845–850.

11. Kahn JG, Marseille E, Auvert B (2006) Cost-effectiveness of male circumcision for
HIV prevention in a South African setting. PLoS Med 312(E517): 2349–2358.

12. Williams BG, Lloyd-Smith JO, Gouws E, Hankins C, Getz WM, et al. (2006)

The potential impact of male circumcision on HIV in sub-Saharan Africa. PLoS
Med 3(7): 1032–1040.

13. Hallett TB, Singh K, Smith JA, White RG, Abu-Raddad LJ, et al. (2008)

Understanding the impact of male circumcision interventions on the spread of

HIV in southern Africa. PLoS ONE 39(5): e2212.

14. Centers for Disease Control and Prevention (2008) HIV/AIDS Surveillance Report,

2006. Vol. 18. Atlanta: U.S. Department of Health and Human Services,

Centers for Disease Control and Prevention. Available: http://www.cdc.gov/
hiv/topics/surveillance/resources/reports/2006report/default.htm. Accessed

11 November 2009.

15. Xu F, Markowitz LE, Sternberg MR, Aral S (2007) Prevalence of circumcision

and herpes simplex virus type 2 infection in men in the United States: The
National Health and Nutrition Examination Survey (NHANES), 1999–2004.

Sex Transm Dis 34(7): 479–484.

16. Hall HI, An Q, Hutchinson AB, Sansom SL (2008) Estimating the lifetime risk of
a diagnosis of the HIV infection in 33 states, 2004–2005. J Acquir Immune Defic

Syndr 49(3): 294–7.

17. Gold MR, Siegel JE, Russell LB, Weinstein MC (1996) Cost-effectiveness in

health and medicine: report of the Panel on Cost-effectiveness in Health and
Medicine. New York, New York: Oxford University Press.

18. Buchbinder SP, Vittinghoff E, Heagerty PJ, Celum CL, Seage GR, et al. (2005)

Sexual risk, nitrite inhalant use and lack of circumcision associated with HIV
seroconversion in men who have sex with men in the United States. J Acquir

Immune Defic Syndr 39(1): 82–89.

19. Grulich AE, Hendry O, Clark E, Kippax S, Kaldor JM (2001) Circumcision and
male-to-male sexual transmission of HIV. AIDS 15(9): 1188–9.

20. Kreiss JK, Hopkins SG (1993) The association between circumcision status and

human immunodeficiency virus infection among homosexual men. J Infect Dis

168(6): 1404–8.

Newborn Circumcision and HIV

PLoS ONE | www.plosone.org 7 January 2010 | Volume 5 | Issue 1 | e8723



21. Millett GA, Ding H, Lauby J, Flores S, Stueve A, et al. (2007) Circumcision

status and HIV infection among black and Latino men who have sex with men
in 3 U.S. cities. J Acquir Immune Defic Syndr 45(5): 643–50.

22. Hall HH, Song R, Rhodes P, Prejean J, An Q, et al. (2008) Estimation of HIV

incidence in the United States. JAMA 300(5): 520–9.
23. Schackman BR, Gebo KA, Walenksy RP, Losina E, Muccio T, et al. (2006) The

lifetime cost of current human immunodeficiency virus care in the United States.
Med Care 44: 990–997.

24. Kung HC, Hoyert DL, Xu J, Murphy SL (2007) Deaths: Final data for 2005.

Natl Vital Stat Rep, Available: http://www.cdc.gov/nchs/data/nvsr/nvsr56/
nvsr56_10.pdf. Accessed 21 November 2008.

25. Schoen EJ, Colby CJ, To TT (2006) Cost analysis of neonatal circumcision in a
large health maintenance organization. J Urol 175: 1111–1115.

26. Van Howe RS (2004) A cost-utility analysis of neonatal circumcision. Med Decis
Making 24: 584–601.

27. Lawler FH, Bisonni RS, Holtgrave DR (1991) Circumcision: A decision analysis

of its medical value. Fam Med 23: 587–593.
28. Ganiats TG, Humphrey JBC, Taras HL, Kaplan RM (1991) Routine neonatal

circumcision: A cost-utility analysis. Med Decis Making 11: 282–293.
29. MarketScan Database (2005) Ann Arbor, MI: The Medstat Group Inc.

30. Centers for Disease Control and Prevention (2008) Subpopulation Estimates from

the HIV Incidence Surveillance System --- United States, 2006. MMWR Weekly
Report 57(36):985-989. Available: http://www.cdc.gov/mmwr/preview/

mmwrhtml/mm5736a1.htm. Accessed 11 November 2009.
31. Tengs TO, Lin TH (2002) A meta-analysis of utility estimates for HIV/AIDS.

Med Decis Making 22: 475–481.
32. Braithwaite RS, Meltzer DO, King JT Jr, Leslie D, Roberts MS (2008) What

does the value of modern medicine say about the $50,000 per quality-adjusted

life-year decision rule? Med Care 46(4): 349–56.
33. Ubel PA, Hirth RA, Chernew ME, Fedrick MA (2003) What is the price of life

and why doesn’t it increase at the rate of inflation? Arch Intern Med 163:
1637–41.

34. World Health Organization (2009) CHOosing Interventions that are Cost-effective

(CHOICE). Available: http://www.who.int/choice/costs/CER_thresholds/en/
index.html Accessed 3 November 2009.

35. Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Menacker F, et al. (2009) Births:
Final data for 2006. National vital statistics reports; 57(7). Available: http://www.

cdc.gov/nchs/data/nvsr/nvsr57/nvsr57_07.pdf. Accessed 11 November 2009.
36. Mansfield CJ, Hueston WJ, Rudy M (1995) Neonatal circumcision: Associated

factors and length of hospital stay. J Fam Pract 41(4): 370–6.

37. American Academy of Pediatrics (Task Force on circumcision) (1999)
Circumcision policy statement. Pediatrics 103: 686–693.

38. National Conference of State Legislatures (2006) State health notes: Circumcision and infection.

Available: http://www.ncsl.org/Default.aspx?TabID = 160&tabs = 831,127,909#909.

Accessed 11 November 2009.

39. Leibowitz AA, Desmond K, Belin T (2009) Determinants and policy

implications of male circumcision in the United States. Am J Public Health

99(1): 138–145.

40. The Henry J. Kaiser Family Foundation (2007) Key Facts: Race, Ethnicity and

Medical Care. Available: http://www.kff.org/minorityhealth/upload/6069-02.

pdf. Accessed 11 November 2009.

41. Central Intelligence Agency (2009) The World Factbook. Available at: https://

www.cia.gov/library/publications/the-world-factbook/geos/us.html. Accessed

3 November 2009.

42. Alanis MC, Lucidi RS (2004) Neonatal circumcision: A review of the world’s

oldest and most controversial operation. Obstet Gynecol Surv 59(5): 379–95.

43. Weiss HA, Thomas SL, Munabi SK, Hayes RJ (2006) Male circumcision and

risk of syphilis, chancroid, and genital herpes: A systematic review and meta-

analysis. Sex Transm Infect 82(2): 101–109.

44. Tobian A, Serwadda D, Quinn T, Kogizi G, Gravitt PE, et al. (2009) Trial of

male circumcision: prevention of HSV-2 in men and vaginal infections in female

partners, N Engl J Med 360: 1298–1309, Mar 26, 2009.

45. Sobngwi-Tambekou J, Taljaard D, Lissouba P, Zarca K, Puren A, et al. (2009)

Effect of HSV-2 serostatus on acquisition of HIV by young men: results of a

longitudinal study in Orange Farm, South Africa. J Infect Dis 199: 958–964.

46. Christakis DA, Harvey E, Zerr DM, Feudtner C, Wright JA, et al. (2000) A

trade-off analysis of routine newborn circumcision. Pediatrics 105: 246–249.

47. Mattson CL, Campbell RT, Bailey RC, Agot K, Ndinya-Achola JO, et al. (2008)

Risk compensation is not associated with male circumcision in Kisumu, Kenya:

a multi-faceted assessment of men enrolled in a randomized controlled trial.

PLoS One 18; 3(6): e2443.

48. Xu F, Sternberg M, Kottiri B, McQuillan G, Lee F, et al. (2006) Trends in

herpes simples virus type 1 and type 2 seroprevalence in the United States.

JAMA 296: 964–973.

49. Gray RH, Serwadda D, Tobian AA, Chen MZ, Makumbi F, et al. (2009) Effects

of genital ulcer disease and herpes simplex virus type 2 on the efficacy of male

circumcision for HIV prevention: Analysis from the Rakai trials. PLoS Med

6(11);31000187: Epub 2009 Nov 24.

50. Centers for Disease Control and Prevention (2007) A heightened national response to the

HIV/AIDS crisis among African Americans. Atlanta, GA: U.S. Department of Health

and Human Services, Centers for Disease Control and Prevention. Available:

http://www.cdc.gov/hiv/topics/aa/resources/reports/pdf/heightenedresponse.

pdf. Accessed 11 November 2009.

Newborn Circumcision and HIV

PLoS ONE | www.plosone.org 8 January 2010 | Volume 5 | Issue 1 | e8723


