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Costs and Effectiveness
of Neonatal Male Circumcision
Seema Kacker, BS; Kevin D. Frick, PhD; Charlotte A. Gaydos, DrPH; Aaron A. R. Tobian, MD, PhD

Objective: To evaluate the expected change in the prevalence of male circumcision (MC)–reduced infections and
resulting health care costs associated with continued decreases in MC rates. During the past 20 years, MC rates
have declined from 79% to 55%, alongside reduced insurance coverage.
Design: We used Markov-based Monte Carlo simulations to track men and women throughout their lifetimes as they experienced MC procedure-related events
and MC-reduced infections and accumulated associated
costs. One-way and probabilistic sensitivity analyses were
used to evaluate the impact of uncertainty.
Setting: United States.
Participants: Birth cohort of men and women.
Intervention: Decreased MC rates (10% reflects the MC
rate in Europe, where insurance coverage is limited).
Outcomes Measured: Lifetime direct medical cost
(2011 US$) and prevalence of MC-reduced infections.
Results: Reducing the MC rate to 10% will increase life-

time health care costs by $407 per male and $43 per fe-

male. Net expenditure per annual birth cohort (including procedure and complication costs) is expected to
increase by $505 million, reflecting an increase of $313
per forgone MC. Over 10 annual cohorts, net present value
of additional costs would exceed $4.4 billion. Lifetime
prevalence of human immunodeficiency virus infection
among males is expected to increase by 12.2% (4843
cases), high- and low-risk human papillomavirus by 29.1%
(57 124 cases), herpes simplex virus type 2 by 19.8%
(124 767 cases), and infant urinary tract infections by
211.8% (26 876 cases). Among females, lifetime prevalence of bacterial vaginosis is expected to increase by
51.2% (538 865 cases), trichomoniasis by 51.2% (64 585
cases), high-risk human papillomavirus by 18.3% (33 148
cases), and low-risk human papillomavirus by 12.9%
(25 837 cases). Increased prevalence of human immunodeficiency virus infection among males represents
78.9% of increased expenses.
Conclusion: Continued decreases in MC rates are associated with increased infection prevalence, thereby increasing medical expenditures for men and women.
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S

TATE GOVERNMENTS ARE INcreasingly eliminating Medicaid coverage for neonatal
male circumcision (MC),
with 18 states having abolished coverage.1 Meanwhile, the MC rate
in the United States has decreased substantially.
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Although the prevalence of circumcision among men born in the 1970s and
1980s remained stable at approximately
79%,2,3 the MC rate decreased to 62.5% in
1999 and to 54.7% by 2010.4,5 Because
Medicaid pays for more than one-third of
all in-hospital MCs, further limitations to
state coverage hinder access to MC and are
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likely to lead to further decreases.4,6 Private third-party payers are also decreasing coverage.4 Within Europe, where routine MC insurance coverage is rare, MC
rates are 15.8% in the United Kingdom and
1.6% in Denmark.7-9
Male circumcision rate decreases have
persisted despite growing evidence of
medical benefit. Three randomized controlled trials in Africa demonstrated that
MC was associated with a lowered risk of
acquiring human immunodeficiency virus (HIV), low-risk and high-risk human
papillomavirus (LR-HPV and HR-HPV, respectively), and herpes simplex virus type
2 (HSV-2).1,10-16 One of the trials also
showed that female partners of circumcised men had a reduced risk of LR-HPV,
HR-HPV, bacterial vaginosis (BV), and
trichomoniasis.17,18 Observational studWWW.ARCHPEDIATRICS.COM
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ies of MC in the United States have demonstrated similar results,19-22 suggesting that efficacy estimates from the
African trials are applicable to the United States. Furthermore, observational studies and meta-analyses have
suggested that MC also offers a protective benefit against
infant male urinary tract infections (UTIs).23-25
Each year, sexually transmitted infections (STIs) in
the United States cause substantial morbidity and mortality and cost an estimated $16.9 billion in direct medical costs alone.26 A comprehensive cost analysis of MC,
incorporating recent randomized trial data on protection against multiple STIs, has not been conducted but
is essential for guiding health care policy.
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A Markov-based27 Monte Carlo simulation model was constructed using TreeAge Pro Suite 2012 (TreeAge Inc) to estimate the change in lifetime costs and infection prevalence associated with decreasing MC rates in the United States,
incorporating risks from all health conditions demonstrated
to be significantly reduced by MC.1,11-14,17,18,28,29 Individual
men and women of a birth cohort were observed throughout
their lifetimes as they experienced potential MC procedurerelated events and MC-reduced infections and accumulated
associated costs.
Each potential health condition was modeled as a Markov
state, and transition probabilities between states were defined
using published incidence estimates and preventative efficacy
from MC trial and meta-analysis data. Among males, MC procedure-related events included the procedure and possible complications, and MC-reduced infections included infant UTIs,
HIV, HSV-2, HR-HPV, and LR-HPV. Male circumcision–
reduced infections among females, incorporated in a separate
Markov process, included BV, trichomoniasis, HR-HPV, and
LR-HPV. Females did not experience MC procedure-related
events but instead experienced protective benefits of MC through
their association with circumcised males. The model (Figure,
A) compared cost and infection outcomes for an individual
within a “current context” strategy to the expected outcomes
within a “policy change” strategy, characterized by lower MC
rates. The MC rate under the current context strategy (79%)
reflected characteristics of current adult men who were born
before the rate decrease during the past 20 years and who are
currently experiencing risks from MC-reduced STIs.2,3 The impact of uncertainty in input parameters, including cost, incidence, and preventative efficacy, was assessed using univariate and probabilistic sensitivity analyses.
A societal perspective was adopted and future costs were
discounted to birth year by 3% annually.30 Only direct medical expenses were included, and cost parameters were adjusted to 2011 US$ using the medical care component of the
Consumer Price Index.
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Figure. Markov-based model structure and bubble diagram. A, First, a
decision node leads to a strategy choice, in which strategy 1 is defined by the
current male circumcision (MC) rate and strategy 2 is defined by a decreased
MC rate. Individuals are separated by sex using a logic node (L) and enter 1
of 2 Markov processes (M). The 2 processes involve identical states but
differ in MC-dependent parameters. The probability of running through an
MC process is defined by the MC rate under the selected strategy, with males
experiencing the MC procedure and subsequent health benefits and with
females experiencing protective benefits of MC from associating with
circumcised males. B, Males and females transition through separate
models, each beginning in a “disease-free” state. During each 1-year cycle of
the simulation, individuals may remain in their current state or transition to
another possible state, acquiring a single infection or multiple infections at
once. HIV indicates human immunodeficiency virus; HR-HPV, high-risk human
papillomavirus; HSV-2, herpes simplex virus type 2; LR-HPV, low-risk human
papillomavirus; pCirc, probability of MC protection under the given strategy;
trich, trichomoniasis. *Infant male urinary tract infections and female bacterial
vaginosis were incorporated but not modeled as separate Markov states.

The individual microsimulation captured MC procedurerelated events and MC-reduced infections through a series of
1-year cycles, beginning at birth. Because incidence data were
unavailable or negligible for individuals aged 1 to 12 years, potential infections during this period were excluded. During each
cycle, individuals faced age- and sex-specific risks from background mortality as well as risks from single or concurrent infections. As they acquired health conditions, individuals transitioned to corresponding Markov states and accumulated

associated costs (Figure, B). The probability of transitioning
to a health state depended on annual incidence and MC preventative efficacy for the infection(s). All individuals began in
a “disease-free” state and ultimately transitioned to an absorbing “death” state, either from background mortality or, for males
who contracted HIV, from HIV-related causes. The model was
evaluated under 2 strategies, each incorporating one Markov
subtree using parameters associated with no MC and another
subtree using parameters associated with MC (Figure, A). Un-
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Table 1. Model Parameters: Base-Case Values and Ranges for Sensitivity Analysis a
Input Parameter

Base-Case (Range)

Infant male, ages birth-1 y
Circumcision
Current rate, %, adult men in United States
Decreased rate, %, in Europe, without insurance coverage
Procedure cost, $
Complication rate, %
Complication cost, $
Infant male urinary tract infection
Incidence, uncircumcised, %
Cost, uncircumcised, $
Cost, circumcised, $
MC efficacy
Adult male, ages 13-100 y
HIV
Incidence, ages 13-29 y, per 100 000
Incidence, ages 30-39 y, per 100 000
Incidence, ages 40-49 y, per 100 000
Incidence, ages ⱖ50 y, per 100 000
Portion due to heterosexual transmission (%)
Life expectancy posttreatment
Lifetime cost, $
MC efficacy
HPV
HPV incidence, per 100 000, varies by age b,c
HPV lifetime cost per case, $, varies by age c,d
HR-HPV MC efficacy
LR-HPV MC efficacy e
HSV-2
Incidence, ages 13-19 y, per 100 000
Incidence, ages 20-29 y, per 100 000
Incidence, ages 30-39 y, per 100 000
Incidence, ages 40-49 y, per 100 000
Incidence, ages ⱖ50 y, per 100 000
Lifetime cost, per seropositive case, $
MC efficacy f

Source

Xu et al,2 Sansom et al3
Dave et al,7 Frisch et al,8 WHO9
Sansom et al,3 CDC5
CDC,5 AAP,24 Weiss et al31
Schoen et al32

79 (60-80)
10
291 (146-437)
0.4 (0.2-0.6)
185 (130-235)

Schoen et al23
Schoen et al23
Schoen et al23
Schoen et al23

2.15 (1.9-2.4)
2055 (1541-2569)
1225 (919-1531)
0.10 (0.08-0.12)

39.9
64.1
45.8
10.2
15.7 (6-20)
24.2 (22.0-26.0)
388 754 (29 565-485 942)
0.49 (0.29-0.81)

CDC33
CDC33
CDC33
CDC33
Sansom et al,3 CDC33
Schackman et al,34 Harrison et al35
Schackman et al,34 Hutchinson et al,36 Chen et al37
Gray et al13

35.6-450.9
509-1307
0.67 (0.51-0.89)
0.67 (0.51-0.89)

Hernandez et al,38 Chesson et al39
Chesson et al,39 Hu and Goldie,40 Kim and Goldie41
Gray et al,14 Gray et al42
Gray et al,14 Tobian et al15

770
780
146
400
260
779 (584-974)
0.72 (0.56-0.92)

Armstrong et al43
Armstrong et al43
Armstrong et al43
Armstrong et al43
Armstrong et al43
Chesson et al44
Tobian et al15
(continued)

der each strategy, the portion of males (or females) running
through each subtree was defined by the MC rate.
Male circumcision procedure-related events and MCreduced infections occurring only in the first year after birth—
the procedure, potential complications,24,31 and infant male
UTIs23–were modeled as nonrecurrent risks, and associated costs
were incorporated as initial rewards, accumulating only in the
first stage of the simulation.

MODEL INPUTS AND ASSUMPTIONS
Model input parameters included data from demographic surveys, published literature on incidence and cost, and MC preventative efficacy estimates from randomized trials for STIs and
meta-analyses for UTIs (Table 1). Age-independent incidence parameters and efficacy estimates were sampled at the
beginning of each simulation from beta distributions. Cost and
age-specific incidence parameters were varied by 25% in either
direction using an adjustment factor sampled from a triangular distribution (median[range],1 [0.75-1.25]).
Transition probabilities between Markov states, specified
using incidence parameters, did not vary by individual background characteristics or health history because there is no clear
evidence of causality between infections.28,51 Average age and
sex-specific incidence estimates were used for all individuals
in the cohort, accounting for a combination of individuals at high
and low risk of STIs.

Under a no-MC Markov subtree, incidence of MC-reduced
infections among males described the annual acquisition rate
among susceptible uncircumcised men, and the incidence of MCreduced infections among females described the annual acquisition rate among susceptible women associating with uncircumcised men. Similarly, incidence under an MC subtree
reflected characteristics of circumcised males or among females associating with circumcised men. Because published incidence rates incorporated benefits of MC at the current level,
incidence under a no-MC subtree was derived as follows: where

Incidence = (Incidence|MC) × pMC + (Incidence|No MC)
× (1 − pMC)
(Incidence|MC) = (Incidence|No MC) × MC_Effect,
“pMC” was the MC rate, “(Incidence|MC)” indicated “Incidence” conditional on MC status, and “MC_Effect” was defined as incidence rate ratio (IRR) for the infection.
Incidence rate ratios for STIs were drawn from randomized trials following heterosexual males and female partners
in Rakai, Uganda, and were based on an intention-to-treat analysis.1,14,15,17,18 Although 2 additional trials were conducted,11,12
the Ugandan trial reported conservative efficacy estimates and
was the only trial to evaluate female partners.1,17,21 Observa-
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Table 1. Model Parameters: Base-Case Values and Ranges for Sensitivity Analysis a (continued)
Input Parameter

Base-Case (Range)

Adult female, ages 13-100 y
HPV
HR-HPV incidence, per 100 000, varies by age b,c
HR-HPV lifetime cost, $, varies by age c,d
HR-HPV MC efficacy
LR-HPV incidence, per 100 000, varies by age c
LR-HPV lifetime cost, $ d
LR-HPV MC efficacy
BV
Prevalence among ages 14-49 y, %
Portion symptomatic, %
Median age at infection g
Cost per case, $ h
Portion of recurrent cases, %
MC efficacy i
Trichomoniasis
Incidence, symptomatic, ages 13-14, per 100 000
Incidence, symptomatic, ages 15-24, per 100 000
Incidence, symptomatic, ages 25-34, per 100 000
Incidence, symptomatic, ages 35-64, per 100 000
Lifetime cost, ages 13-14 y, $ j
Lifetime cost, ages 15-24 y, $ j
Lifetime cost, ages 25-34 y, $ j
Lifetime cost, ages 35-64 y, $ j
MC efficacy i

Source

0-485
0-34 203
0.77 (0.62-0.93)
0-558
507 (380-634)
0.83 (0.69-1.00)

Chesson et al39
Chesson et al39
Wawer et al18
Chesson et al39
Kim and Goldie41
Wawer et al18

29.2 (27.2-31.3)
25 (15-42)
30.2
83 (62-104)
60 (40-70)
0.60 (0.38-0.94)

Allsworth and Peipert45
Allsworth and Peipert,45 Koumans et al46
Allsworth and Peipert45
Carr et al47
Marazzo,48 Bradshaw et al49
Gray et al17

5
130
168
92
111
175
168
130
0.52 (0.05-0.98)

Owusu-Edusei et al50
Owusu-Edusei et al50
Owusu-Edusei et al50
Owusu-Edusei et al50
Owusu-Edusei et al50
Owusu-Edusei et al50
Owusu-Edusei et al50
Owusu-Edusei et al50
Gray et al17

Abbreviations: AAP, American Academy of Pediatrics; BV, bacterial vaginosis; CDC, Centers for Disease Control and Prevention; HIV, human immunodeficiency
virus; HPV, human papillomavirus; HR, high risk; HSV-2, herpes simplex virus type 2; LR, low risk; MC, male circumcision; WHO, World Health Organization.
a All cost parameters include direct medical costs only and have been converted to 2011 US$. Incidence parameters are reported as annual rates. Where no
upper age limit for incidence was provided, an upper limit was assumed, after which the incidence was modeled as a decreasing function toward zero. Efficacy
estimates are expressed as incidence rate ratios and based on an intention-to-treat analysis.
b Overall incidence estimate for HPV among men includes incident cases of penile cancer and genital warts due to HPV. Overall incidence estimate for HR-HPV
among women includes incident cases of cervical intraepithelial neoplasia (stages 1-3), cervical cancer, vulvar cancer, and vaginal cancer due to HPV.
c Age groups reported as 13-19 y, followed by intervals of 5 y.
d Lifetime cost reported is an expected value for an incident case of HPV among men (or an incident case of HR-HPV among women) using a weighted sum
of the costs of penile cancer and genital warts (or cervical intraepithelial neoplasia [stages 1-3], cervical cancer, vulvar cancer, and vaginal cancer).
e The incidence rate ratio for MC to reduce LR-HPV is assumed to be the same as the MC incident rate ratio for HR-HPV because the prevalence risk ratios were
similar.14,42
f Efficacy value is expressed as a hazard ratio.
g Median age at infection was estimated using adjusted odds ratios of BV prevalence by age group.
h Each case is assumed to require 1 Gram stain for diagnosis, 1 general office visit, and treatment with oral metronidazole (500 mg), twice per day for 7 days.
i Efficacy parameters for BV and trichomoniasis were not available as incident rate ratios, but because these are acute, treatable infections, prevalence risk ratios
were used in the model.
j Lifetime cost calculated as the product of cost per case and number of expected cases.

tional studies among US cohorts support an association between MC and decreased STI risk.19,20,22
Although MC status was explicitly modeled among males, the
transmission dynamics leading to protective effects or potential
infection among females was not detailed. Instead, females faced
the same preventative effects from MC as female partners in the
trial,17,18,21 with the MC rate under each strategy defining the portion of females experiencing MC protective benefits.
Efficacy estimates for BV, trichomoniasis, and male LRHPV were reported only as prevalence risk ratios and were not
available as IRRs.17 While BV was modeled as a potentially prevalent infection, trichomoniasis, a relatively transient infection,52 was incorporated as potentially incident, and the reported prevalence risk ratio was used as a proxy for the IRR.
Because the prevalence risk ratio reported for LR-HPV was similar to the prevalence risk ratio reported for HR-HPV,15 the IRR
for HR-HPV was used as the efficacy parameter for LR-HPV.14
Low-risk and HR-HPV were modeled together as a single condition for men, so a single IRR parameter was used.
Individuals who acquired an infection accumulated a single
cost at the time of infection, modeled as a transition reward,
to account for any expected direct medical expenses experi-

enced throughout a lifetime as a result of the condition. The
cost associated with HIV assumed an 8.1-year gap between infection and beginning treatment.34
The probability of a male developing HIV was drawn
from age-specific incidence estimates from the Centers for Disease Control and Prevention33 and excluded cases of motherto-child transmission. The incidence at each age was assumed
constant across each age interval with reported estimates and
between ages 50 to 65 years, after which a decrease to an incidence of 0 at age 100 years was modeled. The portion of HIV
due to heterosexual transmission was an average rate across
ages.33 Because the MC effect on nonheterosexually transmitted HIV is unclear (ie, among men who have sex with men and
injection drug users),53 no preventative efficacy was assumed
for these cases. The probability of a male with MC of age i contracting HIV was

(pHIVi|MC) = IncidenceHIVNot Hetero,i
+ (IncidenceHIVHetero,i|No MC) × eHIV
where,
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IncidenceHIVNot Hetero,i = IncidenceHIVi × (1 − pHetero)
and

(IncidenceHIVHetero,i|No MC) =

(IncidenceHIVi × pHetero)
[(1 − pCirc) + eHIV × pCirc]

The term “pHetero” is the portion of cases attributable to heterosexual transmission, and “eHIV” is the MC IRR for HIV. The
probability of male HIV infection at age i without MC was

(pHIVi|NoMC) = IncidenceHIVNot Hetero,i
+ (IncidenceHIVHetero,i|No MC).
Estimates of life expectancy after initiating treatment were
used to account for death from HIV-related causes.35
Symptomatic HPV acquisition among males incorporated
only infections resulting in penile cancer or genital warts. The
probability of developing symptomatic HPV was calculated
from the sum of age-specific incidence estimates of penile cancer38 and age-specific prevalence estimates of genital warts, which
were used to proxy incidence because these data were unavailable.39 Only cases of each condition attributable to HPV40 were
included. Penile cancer was the only HPV-associated cancer
among males considered because it is the only type reduced
by MC. The expected cost per HPV case was the weighted sum
of costs for penile cancer and genital warts.40
The probability of a male developing HSV-2 was calculated
from age-specific incidence rates,43 and similarly to the method
described for HIV, a decrease in incidence was modeled after
age 65 years. The expected cost for HSV-2 was reported per seropositive case, assuming that 17% of seropositive cases were
symptomatic.44,54
Women were evaluated for prevalence of BV 4 times during the simulation to reflect prevalence within each of 4 age
groups. Incidence estimates were unavailable and prevalence
is a reasonable proxy for the incidence of transient infections.
Age-specific prevalence reported from the National Health and
Nutrition Examination Survey45 was combined with the probability of being symptomatic45-48 to estimate the portion of women
expected to have symptomatic infections during each age interval. Females who contracted symptomatic BV during an interval were not susceptible to reinfection during subsequent
age ranges. The expected cost per infected female accounted
for possible recurrence within 12 months of initial infection45,47-49 and included expenses for a diagnostic Gram stain,
a general office visit, and standard antibiotic treatment.47 Age
at infection was sampled for each of the 4 time frames.
Age-specific incidence estimates of trichomoniasis included only symptomatic cases50 and accounted for possible lifetime recurrence. Because cost per episode varied by age at infection, cost parameters were age specific.
Parameters for female HPV were estimated as described
for males. However, HR-HPV and LR-HPV were modeled separately because MC efficacy differed. Incidence of HR-HPV incorporated age-specific estimates for HPV-attributable cases
of cervical cancer, cervical intraepithelial neoplasia stages 1 to 3,
vaginal cancer, and vulvar cancer,39 assuming that these conditions were mutually exclusive.

STATISTICAL ANALYSIS
For each strategy, simulation data were extracted to determine the expected cost change for an individual, considering
each sex separately and considering outcomes across an entire
birth cohort of 4 million (defined by a 0.51:0.49 male to fe-

male sex ratio). The expected change in expenditure per foregone MC procedure was calculated by dividing the difference
in expected costs for the entire cohort between scenarios of the
current MC rate (79%) and of a decreased rate (10%) by the
difference in procedures between these scenarios. Lifetime infection prevalence was also evaluated under each MC rate strategy. The base-case was analyzed using 500 000 simulations. During probabilistic sensitivity analysis, 1000 simulations of 10 000
individual trials each were run, sampling system-level parameters (costs, efficacy, and incidence) at the beginning of each
simulation and individual-level parameters (sex, age at death,
age at BV infection, and HIV-related mortality) at the beginning of each trial. One-way sensitivity analysis was run with
200 000 trials to explicitly test for changes in outcomes at extreme values of HIV and MC procedure costs.
RESULTS

Under the base-case scenario, reducing MC rates from
the current levels among sexually active men to current
levels in Europe (10%), where MC is not routinely covered by insurance, would increase lifetime direct medical costs of MC-reduced infections by $407 for each male
and $43 for each female (Table 2). These costs accumulate to almost $916 million for each annual birth cohort. After considering MC procedure and complication expenses, net health care costs would increase by
more than $505 million, reflecting an increased expenditure of $313 per foregone MC procedure. This expenditure increase is driven primarily by male HIV (78.9%),
infant male UTIs (6.3%), and female HR-HPV (6.8%)
(Table 3). More modest decreases in the MC rate yielded
similar lifetime cost and infection prevalence increases.
Lifetime infection prevalence of all MC-reduced infections increased under all decreased MC rate strategies compared with the current context strategy. Among
males in a birth cohort of 4 million, cases of infant male
UTIs increased by 26 876 (211.8%), HIV infections increased by 4843 (12.2%), HPV infections increased
by 57 124 (29.1%), and HSV-2 infections increased
by 124 767 (19.8%) under a 10% MC rate (Table 3).
Among females, cases of BV increased by 538 865 (51.2%),
trichomonas infections increased by 64 585 (51.2%), HRHPV infections increased by 33 148 (18.3%), and LRHPV infections increased by 25 837 (12.9%).
Probabilistic sensitivity analysis demonstrated that the
increased prevalence and lifetime direct medical costs
of MC-reduced infections persisted after accounting
for uncertainty in cost, efficacy, and incidence parameters (Table 4). Univariate sensitivity analysis indicated that cost savings associated with increased MC coverage would persist while the cost of HIV treatment is
greater than $120 000 to $125 000 and while the cost
of the MC procedure is less than $640 to $660.
COMMENT

There are an estimated 19 million new STIs annually in
the United States, which cost the health care system $17
billion each year in direct medical expenses.55 Therefore, methods to curb STI incidence have both substantial health benefit and financial impact on a strained health
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Table 2. Base-Case Analysis: Expected Change in Lifetime Cost of MC Procedure-Related Events and MC-Reduced Infections
MC Rate, %
Variable
Men
Cost per individual, $ a
Net increase in cost, $ b
Increase in MC-reduced infection cost, $ c
Women
Cost per individual, $ a
Net increase in cost, $ b
Annual birth cohort, 4 million d
Total cost, $, millions a
Net increase in cost, $, millions b
Increase in MC-reduced infection cost, $, millions c

79 (Current)

50

25

20

10

0

3259

3345
86
171

3419
160
318

3437
178
350

3465
206
407

3494
235
465

222

240
18

256
34

259
37

265
43

272
50

7083

7294
211
384

7477
394
715

7519
436
787

7588
505
916

7659
576
1046

Abbreviation: MC, male circumcision.
a Cost includes lifetime direct medical expenses for all MC procedure-related events and MC-reduced infections.
b Net increase in costs due to MC procedure-related events (procedure and complications) and MC-reduced infections, under each “policy change” strategy to
the “current context” MC rate = 79% strategy.
c Increase in costs due only to MC-reduced infections, comparing outcome under each “policy change” strategy with the “current context” MC rate = 79%
strategy.
d Assumes a sex distribution of 0.51 (male)/0.49 (female).

Table 3. Base-Case Analysis: Increase in Lifetime Prevalence of MC-Reduced Infections in Annual Birth Cohort Compared
With “Current Context” Strategy a
MC Rate, %
Variable
Male MC-reduced infections, entire
birth cohort
HIV (% increase)
HPV (% increase)
HSV-2 (% increase)
Infant UTI (% increase)
Female MC-reduced infections,
entire birth cohort
HR-HPV (% increase)
LR-HPV (% increase)
BV (% increase)
Trichomoniasis (% increase)

50

25

20

10

0

Total Cost
Increase, % b

2053 (5.2)
24 196 (12.3)
52 416 (8.3)
11 234 (88.6)

3768 (9.5)
44 717 (22.8)
97 631 (15.5)
20 937 (165.0)

4161 (10.5)
48 829 (24.9)
106 621 (16.9)
22 936 (180.8)

4843 (12.2)
57 124 (29.1)
124 767 (19.8)
26 876 (211.8)

5530 (13.9)
65 434 (33.3)
142 792 (22.7)
30 756 (242.4)

78.9
1.2
4.5
6.3

28 290 (15.6)
22 151 (11.0)
460 219 (43.7)
55 186 (43.7)

33 148 (18.3)
25 837 (12.9)
538 865 (51.2)
64 585 (51.2)

37 976 (20.9)
29 546 (14.7)
617 306 (58.7)
73 886 (58.5)

6.8
0.6
1.4
0.4

14 084 (7.8)
10 870 (5.4)
224 572 (21.3)
27 084 (21.5)

26 003 (14.3)
20 278 (10.1)
421 976 (40.1)
50 541 (40.0)

Abbreviations: BV, bacterial vaginosis; HIV, human immunodeficiency virus; HPV, human papillomavirus; HR, high risk; HSV-2, herpes simplex virus type 2; LR,
low risk; MC, male circumcision; UTI, urinary tract infection.
a Assumes an annual birth cohort of 4 million, with a sex distribution of 0.51 (male)/0.49 (female). Increase in prevalence is measured using the “current
context” MC rate = 79% strategy as a baseline.
b Represents percentage of total expected cost increase in expenses for MC-reduced infections attributable to the respective condition. Calculated as an average
percentage across all calculated “policy change” strategies.

care system. This model suggests that reducing MC rates
to levels seen in countries where MC is not covered by
insurance (10%) would lead to an expected increase in
lifetime direct medical costs of $505 million annually.
For each year that MC rates continue to approximate
50%,5 the US health care system can expect to pay $211
million more than it would have paid had MC rates remained at their levels during the 1980s. During a 10year time span, these costs would accumulate to nearly
$2 billion. In the event that MC rates were to decrease
to 10%, net present value of additional costs over 10 annual birth cohorts would need to exceed $4.4 billion.
To our knowledge, this study is the first to comprehensively analyze the cost and health impact of MC. All
male and female STIs that have been shown through trials
to be associated with MC were incorporated, as well as

infant male UTIs, which have been well established by
observational studies and meta-analyses to be partially
averted by MC.23,56 Potential complications of the MC procedure were also considered.
Reversing MC rate trends may seem financially unappealing in the short run because cost savings from
averted MC-reduced infections accumulate over a lifetime. However, more than 6% of savings, representing
14% of procedure cost, are experienced in the same year
as the procedure. The favorable economic evaluation in
this study is supported by a cost-effectiveness analysis
of MC in the United States that was limited to HIV acquisition among heterosexual men.3
The model compared the prevalence of and expenditure on MC-reduced infections between the current environment and scenarios of reduced MC rates. Because
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Table 4. Probabilistic Sensitivity Analysis: Expected Change in Lifetime Cost and Prevalence of MC Procedure-Related Events and
MC-Reduced Infections
MC Rate, %
Variable

79 (Current)

50

25

20

10

0

Lifetime direct medical costs
Men
3310
3406
3490
3507
3541
3575
Cost per individual, $ a
96
179
196
230
264
Net increase, $ b
181
337
368
432
495
Increase in infection cost, $ c
Women
222
241
257
261
267
273
Cost per individual, $ a
19
35
39
45
51
Net increase, $ b
Annual birth cohort, 4 million d
Total cost, $, millions a
7188
7422
7623
7664
7746
7829
(95% CI)
(5146-9751) (5247-10 160) (5392-10 652) (5425-10 696) (5494-10 791) (5499-10 961)
233
435
476
558
640
Net increase, $, millions b
406
756
827
969
1110
Increase in infection cost, $, millions c
Increase in lifetime cases of MC-reduced infections
in annual birth cohort d
Male MC-reduced infections, entire birth cohort
HIV (% increase)
2139 (5.3)
4000 (10.0)
4368 (10.9)
5126 (12.8)
5883 (14.7)
HPV (% increase)
23 757 (12.1) 44 224 (22.6)
48 378 (24.7)
56 488 (28.9)
64 696 (33.1)
HSV-2 (% increase)
53 286 (8.4)
99 133 (15.7) 108 342 (17.2) 126 646 (20.1) 144 969 (23.0)
Infant UTI (% increase)
11 416 (89.3) 21 171 (165.5) 23 147 (181.0) 27 069 (211.7) 30 888 (241.5)
Female MC-reduced infections, entire birth cohort
HR-HPV (% increase)
14 296 (7.9)
26 527 (14.7)
29 022 (16.0)
33 894 (18.7)
38 718 (21.4)
LR-HPV (% increase)
10 815 (5.4)
20 102 (10.0)
21 993 (11.0)
25 707 (12.8)
29 465 (14.7)
BV (% increase)
253 484 (24.0) 466 880 (44.2) 510 548 (48.3) 599 042 (56.7) 687 317 (65.1)
Trichomoniasis (% increase)
32 299 (25.6) 60 065 (47.5)
65 736 (52.0)
76 925 (60.8)
88 047 (69.6)
Abbreviations: See Table 3.
a Cost includes lifetime direct medical expenses for all MC procedure-related events and MC-reduced infections.
b Net increase in costs from MC procedure-related events (procedure and complications) and MC-reduced infections, under each “policy change” strategy to the
“current context” MC rate=79% strategy.
c Increase in costs due only to MC-reduced infections, comparing outcome under each “policy change” strategy to the “current context” MC rate = 79% strategy.
d Assumes a sex distribution of 0.51 (male)/0.49 (female).

the large majority of men who are currently sexually active (and thus currently at risk of experiencing MCreduced infections) are at least 20 years old, the baseline current context scenario evaluated was characterized
by MC prevalence among these men (79%).2 The prevalence of MC has decreased dramatically in just the past
20 years, at a rate of approximately 1% per year.3-5 Although a 10% MC prevalence in the United States may
not be likely in the short run, the MC rate in countries
such as Denmark, which does not offer routine insurance coverage, is only 1.6%.8 Because future MC prevalence in the United States is unknown, the model also
evaluated scenarios characterized by MC rates of 50%,
25%, 20%, 10%, and 0%.
This analysis has several limitations and likely results in a conservative estimate of lifetime cost increases
associated with decreased MC rates. First, although the
Markov-based model allowed for infection acquisition
throughout each individual’s lifetime, it did not incorporate transmission events or contextual changes in infection prevalence across the cohort or changes in cost
values, which might have occurred during the simulation. This study also did not account for variation in incidence at the individual level due to risk-taking behavior or condom use but instead used average incidence rates
across individuals and assumed that background characteristics were balanced across each strategy. Male cir-

cumcision has been shown to have even higher protective efficacy among high-risk individuals.15 It is also
unlikely that MC would result in moral hazard, leading
to decreased rates of other preventative behaviors, such
as condom use.57 In addition, the model is limited by the
Markovian assumption: transition probabilities depended on the present state but not on any of the previous states. However, this assumption was reasonable for
the infections considered because one STI does not necessarily cause others.51
This model examined the accumulated lifetime direct medical costs for a specific set of possible MC procedure-related events and MC-reduced infections, which
represents a limited portion of all possible MC-related
expenses. Although cost parameters incorporated the diagnosis and treatment of an MC-reduced condition for
infected individuals, they did not include subsequent costs
due to increased risks from other relevant conditions (birth
complications, other STIs, etc). Furthermore, an individual’s infection may have caused externalities by placing susceptible individuals at even higher risk of acquisition, but these costs were not included. Finally, only
direct medical costs were assessed, ignoring direct nonmedical costs (eg, patient transportation) and all indirect costs (eg, patient and caregiver productivity loss).
Previous study of the economic burden of HIV suggests
that associated indirect costs may be more than 4 times
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the total direct medical expenses.36 Thus, cost increase
outcomes presented in this study are highly conservative. Although opponents of MC have suggested that it
may cause pain, decreased sexual pleasure, impaired
sexual function, and psychological consequences,58 these
effects would be considered indirect nonmedical costs
and were not considered in this analysis. Furthermore,
postprocedure follow-up with trial participants and US
studies have not supported the existence of these negative consequences.59-64
This model analyzed a limited set of MC-reduced infections, focusing exclusively on infant male UTIs and
conditions demonstrated through randomized trials to
be associated with MC. Observational studies conducted in the United States suggest that MC may also decrease the risk of phimosis,32,65 gonorrhea, nongonococcal urethritis, chlamydia,66 and urogenital mycoplasma,67
but potential cost savings from averting these conditions was not incorporated. The trial efficacy parameters incorporated here are also likely to underestimate true risk reduction, as demonstrated by even higher
(67%-73%) reductions in HIV infection during longterm follow-up of male MC trial participants.57
Although there are multiple factors that contribute to
a nation’s MC rate, it is likely that reductions in insurance coverage play a role in lowered MC rates.6 Thus,
the financial and health implications of policies that affect
MC are substantial. Furthermore, a closer examination
of MC rates, STI incidence, and the demographic characteristics of Medicaid beneficiaries suggests that the subpopulations likely to qualify for Medicaid also have the
lowest rates of MC and the highest infection incidence.6
Therefore, decreased Medicaid coverage of MC may further exaggerate racial and socioeconomic disparities. Although this analysis has not explicitly evaluated the impact of reduced MC rates on such disparities, predictions
based on this model’s outcomes and the heterogeneous
distribution of infection burden and MC prevalence are
concerning, and further study may be warranted. It is imperative to consider these results and their implications
in establishing future health care policies related to MC.
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