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Abstract

Purpose

Although circumcision is the most commonly performed surgery in males, less is known
about the incidence and indications of adult circumcision. In this study, we aim to present
the incidence of adult circumcision across the United States.

Methods

Using IBM MarketScan® Commercial Database from 2015 to 2018, we obtained claims for
circumcision in men between 18 and 64 years of age. We calculated the incidence of adult

circumcision over the study period and across the United States. We also collected data on
indications for surgery using International Classification of Diseases codes.

Results

We identified a total of 12,298 claims for adult circumcisions. The mean age was 39 (+12.9)
years. The average incidence rates remained relatively constant from 98.1 per 100,000 per-
son-years in 2015 to 98.2 per 100,000 person-years in 2018 (A+0.1%). The age-standard-
ized incidence rates varied significantly across the United States (from 0 to 194.8 per
100,000 person-years) with South Dakota having the highest rate. The most common indi-
cations for adult circumcision were phimosis (52.5%), routine/ritual circumcision (28.7%),
phimosis + balanitis/balanoposthitis (6.8%), balanitis (3.8%) and balanoposthitis (2.6%),
and significantly varied by age groups.

Conclusion

This study suggested a wide geographic variation in rates of adult circumcision between
states with highest incidences in the Northeast United States. Future studies can identify
the underlying causes for the observed variations.
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1. Introduction

Circumcision, the surgical removal of some or all of the foreskin from the penis, is the most
commonly performed surgical procedure worldwide [1]. In the United States (US), it is esti-
mated that up to 80% of men are circumcised [2]. The procedure has been associated with
multiple health benefits including reduced risks of urinary tract infections, HIV/sexually trans-
mitted infections (STIs), and penile cancer, particularly in the context of neonatal circumci-
sion [3]. As such, despite persisting arguments about its health benefits and potential harms
on sexual function, multiple professional societies such as the American Academy of Pediatrics
and American Urological Association have recently concluded that the health benefits of neo-
natal circumcision outweigh risks and that the procedure is generally safe [3,4].

Comparatively little data exists for adult circumcision relative to studies on neonatal cir-
cumcision. Most adult circumcision is done electively for a number of surgical indications,
including phimosis, balanitis, condyloma, or dyspareunia [5]. Patients may also elect to
undergo adult circumcision due to religious, cosmetic, or social motivations as well as disease
prevention [6]. While randomized control trials have shown the benefits of adult circumcision
in reducing incidence of HIV and STTs, generalizability of these trials to settings with low rates
of HIV and STIs such as the US is limited [7-9]. Meanwhile, multiple survey studies have
highlighted potential adverse effects on sexual functioning after adult circumcision [10-13].

Epidemiologic data is needed to better inform research on indications, causal relationships,
motivating factors, risks, and benefits of circumcision in adults. While recent reports have
characterized trends in neonatal circumcision [14], there are no national studies that offer
comprehensive data about incidence and characteristics of adult circumcision in the US. We
aim to present incidence data on the practice of adult circumcision across the country in men
with commercial insurance. We hypothesize significant age and geographic variations exist in
incidence of adult circumcision across the US.

2. Subject and methods
2.1 Database

We obtained data from IBM MarketScan®™ Commercial Database which contains health insur-
ance claims across the continuum of care (e.g. inpatient, outpatient, etc.) as well as enrollment
data from large employers and health plans across the US [15]. This database contains over
245 million unique patients since 1995 and can be used to create a nationally representative
data sample of Americans with employer-provided health insurance [15]. It also records
demographic, diagnostic, and procedural data. MarketScan data are deidentified, therefore
this study was deemed exempt from obtaining institutional review board approval.

2.2 Study population

We used International Classification of Diseases (ICD) ninth (V50.2) and tenth (Z41.2) revi-
sions and Current Procedural Terminology (CPT; 54150, 54160, 54161) codes to identify adult
males between 18 and 64 years of age who had undergone circumcision in the US between Jan-
uary 1, 2015 and December 31, 2018. We also used ICD codes for diagnosis variables as follows
to identify indications for circumcision: phimosis (ICD9: 605; ICD10: N47.1), routine/ritual
circumcision (ICD9: V50.2; ICD10: Z41.2), balanitis (ICD9: 607.81; ICD10: N48.1), balano-
posthitis (ICD9: 607.1; ICD10: N47.6).
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2.3 Data analysis

We used descriptive statistics to characterize the study cohort. We reported continuous vari-
ables as means and standard deviations (SD) and categorical variables were reported as frequen-
cies and percentages. We calculated the average incidence rate of adult circumcision using the
mid-year numbers of insured males between 18 and 64 years of age enrolled in the MarketScan
database. In order to calculate the population at risk for the denominator (i.e., uncircumcised
males >18 years), we obtained the rate of neonatal circumcision in different US regions for the
years before 2000 [16]. Then, we multiplied the mid-year numbers of insured males and [1-neo-
natal circumcision rate] to calculate the population at risk. Moreover, we used data from the US
Census Bureau to perform the direct method of age adjustment for incidences [17]. We
reported incidences as number of circumcisions per 100,000 person-years. Chi-square test was
used to test the association between diagnoses and age groups or geographic regions. STATA
14.2 was used to perform all statistical tests. All p values were two-sided and considered to be
statistically significant if <0.05. The STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) statement was followed for the design and reporting of this study [18].

3. Results

We identified a total of 12,298 claims for circumcision cases. The mean age of patients under-
going circumcision was 39 (£12.9) years. S1 Fig demonstrates the age distribution of the
patients. More than a third of the patients (34.1%) were born between the years 1980 and 1990.
The average incidence rates remained relatively constant from 98.1 per 100,000 in 2015 to 98.2
per 100,000 in 2018 (A+0.1%; Table 1). The indications for adult circumcision were phimosis
(52.5%), routine/ritual circumcision (28.7%), phimosis + balanitis/balanoposthitis (6.8%),
balanitis (3.8%), and balanoposthitis (2.6%). Fig 1 represents the incidence of adult circumci-
sion across the age range defined by diagnoses. Indications for circumcision had significantly
different distributions across the age groups (p<0.01; Table 2). While phimosis constituted
49.1% of the indications for adult circumcision between ages 18 to 34, 63.8% of patients aged
55 to 64 had such a diagnosis.

Almost a half of surgeries (49.2%) were done in the South region while 20.4%, 15.8%, and
14.1% were performed in the Northeast, West, and North Central regions, respectively. How-
ever, the age-standardized incidence rate was highest in Northeast (125.1 per 100,000), fol-
lowed by North Central (110.1 per 100,000), South (101.0 per 100,000), and West (61.0 per
100,000). In addition, indications were significantly different across the US regions (p<0.01;
Fig 2). Almost all surgeries were done in outpatient settings (97.8%; Table 1). Preferred pro-
vider organization (PPO) 6,653 (54.1%) was the most common insurance plan used for adult
circumcision in the US.

The age-standardized incidence rates of adult circumcision stratified by states is displayed
in Fig 3. The top 5 States include South Dakota (194.8/100,000), Missouri (194.2/100,000),
Ohio (186.6/100,000), Nebraska (173.7/100,000), and Tennessee (170.3/100,000). In contrast,
Hawaii (0/100,000; no cases of circumcision in adult males were recorded in the MarketScan
database during the study period. Of note, only 3,964 beneficiaries from Hawaii were found in
the dataset during the study period), Montana (35.9/100,000), Oregon (38.9/100,000), Colo-
rado (39.0/100,000), and Wyoming (39.2/100,000) had the lowest age-standardized incidence
rates.

4. Discussion

To our knowledge, this is the first study that reports the incidence and characteristics of adult
circumcision in the US. Overall, circumcision is a relatively uncommon surgery among
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Table 1. Characteristics of study participants.

Total number of patients 12,298
Total average incidence rate, n/100,000 person-years 99.7
Age, mean (SD) 39.0 (12.9)
Year of surgery, n (%)
2015 3,337 (27.1)
2016 3,267 (26.6)
2017 2,832 (23.0)
2018 2,862 (23.3)
Average incidence rates, n/100,000 person-years
2015 98.1
2016 98.5
2017 104.7
2018 98.2
Indications, n (%)
Phimosis 6,453 (52.5)
Routine/Ritual 3,523 (28.7)
Phimosis + Balanitis/Balanoposthitis 839 (6.8)
Balanitis 463 (3.8)
Balanoposthitis 321(2.6)
Other 699 (5.7)
Geographic region, n (%); Age-standardized incidence rates, (n/100,000 person-years)
Northeast 2,513 (20.4); 125.1
North Central 1,730 (14.1); 110.1
South 6,052 (49.2); 101.0
West 1,944 (15.8); 61.0
Unknown 59 (0.5); N/A
Type of service, n (%)
Inpatient 272(2.2)
Outpatient 12,026 (97.8)
Type of insurance plan, n (%)
Comprehensive 246 (2.0)
EPO 106 (0.9)
HMO 1,389 (11.3)
POS 941 (7.7)
PPO 6,653 (54.1)
POS with capitation 237 (1.9)
CDHP 1,330 (10.8)
HDHP 1,079 (8.8)
Unknown 317 (2.6)

CDHP, consumer driven health plan; EPO, exclusive provider organization; HDHP, high deductible health plan;
HMO, health maintenance organization; POS, point of service; PPO, preferred provider organization; SD, standard

deviation.

https://doi.org/10.1371/journal.pone.0275207.t001

American adult men with a total average incidence rate of 99.7 per 100,000 person-years. This
may reflect the high prevalence of neonatal circumcision in the US [19]. In this sample of adult
circumcisions, patients had a mean age of 39 years, were most often circumcised for phimosis,
and commonly resided in Southern geographic states. The age-standardized incidence rates of
circumcision varied from 0 to 194.8 per 100,000 person-years between US states with South
Dakota having the highest rate.

We found that most adult circumcisions were performed for phimosis. This was consistent
with other published studies that described indications for adult circumcision, showing that
phimosis was the indication for circumcision in roughly half of cases. Similarly, balanitis was a
common indication, responsible for 14.4-17% of adult circumcisions in published studies
[5,11]. Notably, we found that 28.7% of adult circumcisions in our study were performed for
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Fig 1. Incidence of adult circumcision across the age range defined by indications.

https://doi.org/10.1371/journal.pone.0275207.9001

routine or ritual indications. This potentially indicates that while adult circumcision may be
performed for its health benefits in regions with high endemicity of HIV and other STIs, it
may be more commonly performed for religious or aesthetic purposes in the US.

Diagnoses associated with adult circumcision varied significantly by age group. Phimosis
represented the largest proportion of diagnoses in patients aged 18-34 and its role as an indi-
cation for adult circumcision increased with older age groups. However, the average incidence
rates of adult circumcision as a result of phimosis decreased with the increasing age of the
patients (Fig 1). This may reflect the natural history of the condition which may resolve spon-
taneously with age or be treated with circumcision if not resolved by early adulthood, or it may
portend the fact that the patient grows accustomed to the issue [20]. A similar trend was
observed for routine/ritual circumcisions, which made up a smaller proportion of cases in
older age groups. This may be explained by patients opting for circumcision in early adulthood
if they were previously uncircumcised as minors. This may also be the results of societal norms
requiring males to be circumcised by a given age. Alternatively, the increase in rates of

Table 2. Percentage of each indication for adult circumcision stratified by the age groups (p<0.01).

Phimosis Routine/Ritual Phimosis + Balanitis/Balanoposthitis Balanitis Balanoposthitis Other
18-34 49.1 35.7 5.8 3.0 2.2 43
35-44 46.0 37.9 5.7 33 2.3 4.8
45-54 58.5 18.0 7.9 5.5 3.6 6.6
55-64 63.8 9.0 9.9 4.7 3.1 9.5

Values may not add up to 100 due to rounding errors.

https://doi.org/10.1371/journal.pone.0275207.t002
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Fig 2. Indications for adult circumcision stratified by the United States regions (p<0.01).

https://doi.org/10.1371/journal.pone.0275207.9002

circumcision may coincide with greater sexual activity and subsequent sexual issues such as
dyspareunia, a common indication for circumcision [5].

Another contributor to the observed heterogeneity in the age distribution of the patients
could be the fact that male circumcision was not uniformly practiced at the time of their birth.
Following physician’s advocacy for the benefits of circumcision in early 20 century, it became
a routine surgery in the US [21]. However, in 1971 the American Academy of Pediatrics Task
Force recommended against the routine neonatal circumcision stating that circumcision
“offered no medical benefit during the neonatal period” [22]. Subsequent studies showed that
the prevalence of circumcision had decreased significantly among the American men born in
1980s (84%) compared to those born in 1970s (91%) [23]. Interestingly, in our study more
than a third of patients were born in 1980s which can imply a lower prevalence of neonatal cir-
cumcision among this age demographic.

Our study had several limitations that should be acknowledged. As an insurance claim data-
base, MarketScan does not report several demographics and clinical variables including race.
As a result, we were not able to assess the racial disparities in adult circumcision. Additionally,
as a claims database diagnoses like “phimosis” rely on coding from a heterogenous provider
base and may not represent a similarly diverse clinical severity that is not captured. Lastly, our
study investigated adult males with commercial insurances. MarketScan does not include 1/3
of population with public insurances. In addition, about 8% of US population are uninsured
who were not included in our analysis [24]. Therefore, our results might not be generalized to
the whole US population. Despite these limitations, this study provided novel insights on adult
circumcision in the US at a national scale.
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Fig 3. Choropleth map of the United States showing age-standardized incidence rates of adult circumcision in each state.

https://doi.org/10.1371/journal.pone.0275207.9g003

5. Conclusions

The adult circumcision is relatively an uncommon surgery among American adult men in cer-
tain states. Phimosis remained the most common indication for circumcision in adults. Indi-
cations varied significantly across the age ranges and geographic regions. There is a wide
variation in age-standardized incidence rates of circumcision across the US, with South
Dakota, Missouri, and Ohio having the highest rates. The Northeast region had the highest
incidence of circumcision in adult men. Future epidemiologic studies can investigate the pos-
sible reasons for the observed regional variations in this study.
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