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Abstract
Whether male circumcision in infancy or childhood provides protection against the acquisition of human immunodeficiency 
virus (HIV) or other sexually transmitted infections (STIs) in adulthood remains to be established. In the first national 
cohort study to address this issue, we identified 810,719 non-Muslim males born in Denmark between 1977 and 2003 and 
followed them over the age span 0–36 years between 1977 and 2013. We obtained information about cohort members’ non-
therapeutic circumcisions, HIV diagnoses and other STI outcomes from national health registers and used Cox proportional 
hazards regression analyses to calculate hazard ratios (HRs) with 95% confidence intervals (CIs) associated with foreskin 
status (i.e., circumcised v. genitally intact). During a mean of 22 years of follow-up, amounting to a total observation period 
of 17.7 million person-years, 3375 cohort members (0.42%) underwent non-therapeutic circumcision, and 8531 (1.05%) 
received hospital care for HIV or other STIs. Compared with genitally intact males, rates among circumcised males were 
not statistically significantly reduced for any specific STI. Indeed, circumcised males had a 53% higher rate of STIs overall 
(HR = 1.53, 95% CI: 1.24–1.89), and rates were statistically significantly increased for anogenital warts (74 cases in circum-
cised males v. 7151 cases in intact males, HR = 1.51; 95% CI: 1.20–1.90) and syphilis (four cases in circumcised males v. 
197 cases in intact males, HR = 3.32; 95% CI: 1.23–8.95). In this national cohort study spanning more than three decades of 
observation, non-therapeutic circumcision in infancy or childhood did not appear to provide protection against HIV or other 
STIs in males up to the age of 36 years. Rather, non-therapeutic circumcision was associated with higher STI rates overall, 
particularly for anogenital warts and syphilis.

Keywords Circumcision · Cohort study · Human immunodeficiency virus · Anogenital warts · Syphilis · Sexually 
transmitted infections

Introduction

The World Health Organization (WHO) has endorsed vol-
untary medical male circumcision (VMMC) for adult men 
and boys above 15 years of age as an “efficacious HIV pre-
vention option (…) in settings with generalized epidemics 
to reduce the risk of heterosexually acquired HIV infec-
tion” [1]. This policy rests on the finding of overall 58% 

efficacy against female-to-male HIV transmission in three 
randomized controlled trials (RCTs) in Kenya, Uganda and 
South Africa conducted in the early 2000s [2–5]. These tri-
als also suggested a lowered risk of various STIs follow-
ing VMMC [6–8]. A prospective study from the research 
group behind one of the RCTs [4] recently confirmed their 
original findings in a study covering 30 agrarian and semi-
urban trading communities in Uganda [9]. While this new 
finding has been interpreted as proof of VMMC’s real-world 
effectiveness against HIV acquisition [10], the actual impli-
cations are inconclusive. As acknowledged by the authors, 
the new Uganda study failed to adjust for the impact of pre-
exposure antiretroviral prophylaxis (PrEP), which is argu-
ably the single most important biomedical determinant of 
HIV acquisition [11–13], and this omission may well have 
skewed the reported association of VMMC with HIV risk. 
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Moreover, as also noted by the authors [9], observed major 
demographic and behavioral differences between genitally 
intact and circumcised men in the study left ample room for 
residual confounding.

VMMC programs in eastern and southern parts of Africa 
have so far resulted in well over 23 million circumcisions 
since 2004 [1, 14]. However, a considerable proportion of 
men in target countries remain reluctant to undergo such 
surgery. Questions surrounding VMMC’s real-world effec-
tiveness, combined with increasing knowledge about more 
effective and less invasive means of HIV prevention, reports 
of negative sexual consequences among some men undergo-
ing the procedure at various ages [15–19], and bioethical 
concerns [20] may be among the relevant factors in explain-
ing such reluctance.

Given that men in many target regions are not volunteer-
ing for circumcision at the rates set by official quotas [21], 
attempts have been made to increase parental acceptabil-
ity of early infant male circumcision in high-risk settings 
[22–24], so far with limited success [25]. However, no RCT 
or carefully conducted observational study with long-term 
follow-up has ever demonstrated an HIV-protective effect 
of circumcision performed in infancy or childhood. Moreo-
ver, as of 2020, concerns about markedly increased rates of 
serious glans injuries, urethrocutaneous fistulas and other 
surgical complications following circumcision in infancy 
or childhood compared to late adolescence or adulthood 
prompted the U.S. President’s Emergency Plan For Aids 
Relief (PEPFAR) to halt financial support for circumcisions 
prior to Tanner stage 3 development [14, 26].

To address the paucity of relevant evidence in this area, 
we here present the results of the first-ever nationwide 
cohort study of whether non-therapeutic male circumci-
sion in infancy or childhood provides long-term protection 
against the acquisition of HIV and other STIs in adolescence 
and adulthood. As in the recent study from Uganda [9], we 
restricted the focus to individuals with a non-Muslim family 
background to reduce the potential confounding influence of 
cultural or behavioral risk factors that may differ between 
Muslims and non-Muslims. Consequently, we provide esti-
mates of the relative risk of acquiring HIV and other STIs 
up to more than three decades after infant or childhood 
circumcision, comparing hazard rates for such infections 
among circumcised and genitally intact non-Muslim males 
in Denmark.

Methods

Cohort

We used the Civil Registration System to identify 855,654 
males born in Denmark (excluding Greenland and the Faroe 

Islands) between January 1, 1977 and December 31, 2003 
[27]. By means of a demographic algorithm that we used 
in two previous studies on possible outcomes of non-ther-
apeutic circumcision [28, 29], we excluded 44,935 males 
with at least one parent or grandparent born in one of the 
following 17 predominantly Muslim countries: Turkey, Iraq, 
Pakistan, Iran, Somalia, Lebanon, Afghanistan, Morocco, 
Egypt, Syria, Indonesia, Algeria, Jordan, Bangladesh, 
Kuwait, Tunisia and Kosovo. No other predominantly Mus-
lim country accounts for more than 0.1% of all non-Danish 
born citizens. The remaining 810,719 males constituted our 
study cohort of Danish-born non-Muslim males, whom we 
followed for the occurrence of HIV infection and other STIs 
over the age span 0–36 years between January 1, 1977 and 
November 30, 2013.

Exposure categories

Cohort members who underwent non-therapeutic circum-
cision in a hospital setting were identified in the National 
Patient Register under surgery codes 55620 (period 
1977–1995) or KKGV20 (since 1996) [30]. Non-therapeu-
tic circumcisions performed in private clinics by surgeons 
or gynecologists and subsidized by the national healthcare 
system were identified under disbursement code 5301 in the 
National Health Service Register (since 1994) [31]. From 
2004 onwards, non-therapeutic circumcision was gradually 
removed from regional lists of publicly subsidized surgical 
procedures, thus resulting in incomplete records for non-
therapeutic circumcisions performed after 2003.

We also searched the files of these registries for all 
recorded cases of foreskin surgery other than non-therapeu-
tic circumcision (e.g., phimosis surgery), using National 
Patient Register surgery codes 56640, 56680, 56700, 56720, 
or 56760 (period 1977–1995) and KKGH10, KKGV10, 
KKGV00, KKGH80, or KKGH80A (since 1996), and dis-
bursement codes 3101, 3132, 3201, 3232, 4132, 4154, 4232, 
or 6422 in the National Health Service Register (since 1994) 
[29]. We used this information to enable clean comparisons 
of rates of HIV infection and other STIs in males undergoing 
non-therapeutic circumcision v intact males by censoring 
cohort members on the date of such other foreskin surgery, 
as explained below.

Outcomes

Specific diagnostic codes according to the International 
Classification of Diseases,  8th (ICD-8, 1977–1993) and 10th 
edition (ICD-10, 1994–2013) were used to identify cohort 
members treated in Danish hospitals for HIV (ICD-8: 07983; 
ICD-10: B20-B24), syphilis (ICD-8: 091xx-097xx; ICD-
10: A51-A53), gonorrhea (ICD-8: 098xx; ICD-10: A54), 
genital herpes (ICD-8: 05402; ICD-10: A60), anogenital 
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warts (ICD-8: 09990; ICD-10: A630-A630D), or other 
STIs, including chlamydia, chancroid, granuloma inguinale 
and trichomoniasis (ICD-8: 07984, 099xx (except 09990), 
131xx; ICD-10: A55-A59, A63-A64 (except A630-A630D)) 
between January 1, 1977 and November 30, 2013.

Analysis

In separate analyses for each STI, we followed cohort mem-
bers from their date of birth until the date of first recorded 
STI diagnosis, emigration, death or end of follow-up on 
November 30, 2013, which was the date of complete registry 
records at the time of data extraction for this and a previous 
study [29], whichever came first. All statistical analyses of 
the association of foreskin status with risk of HIV infec-
tion and other STIs during 1977–2013 were carried out as 
Cox proportional hazards regression analyses with age as 
the underlying time scale, stratifying the baseline hazard 
rates for birth year [32]. Specifically, hazard ratios (HRs) 
with 95% confidence intervals (CIs) compared the hazard 
rates of each outcome between the reference group of intact 
males and males undergoing non-therapeutic circumcision. 
Each cohort member’s foreskin status was treated as a time-
dependent variable being intact from birth and, when rel-
evant, shifting to circumcised on the recorded date of non-
therapeutic circumcision. Boys and men undergoing other 
foreskin surgery as described above were censored on the 
date of such surgery.

In a subsequent analysis, we examined the extent to which 
observed associations for any STI and for anogenital warts 
depended on the age when the non-therapeutic circumcision 
took place. Specifically, we calculated HRs comparing rates 
of any STI and of anogenital warts among males who under-
went non-therapeutic circumcision at or before the age of 
24 months and those who had this surgery after that age with 
corresponding rates in the reference category of intact males.

To compare observed rates of HIV acquisition among 
intact and circumcised males, we undertook a simulation 
study. Specifically, we conducted a series of 100,000 simula-
tions to establish the probability distribution of anticipated 
numbers of cases of HIV infection among circumcised males 
in the cohort assuming no association between foreskin sta-
tus and HIV risk. Such an approach was appropriate because 
the average periods of follow-up were almost identical in the 
compared groups, being 21.8 years among intact males and 
21.6 years among circumcised males. Among international 
organizations and stakeholders arguing in favor of circum-
cision in the fight against HIV in Africa, the expectation is 
that infant or childhood circumcision will provide the same, 
or an even higher, degree of HIV protection compared to 
what has been reported for adult male circumcision [14, 
22–25]. Consequently, we tested the directional (one-sided) 
null hypothesis of equal or higher rates of HIV acquisition 

in circumcised males against the alternative hypothesis that 
the rate is lower among circumcised males.

Robustness analyses

In one robustness analysis aimed to address the potential 
impact of socioeconomic confounding, we repeated the 
main analysis outlined above, this time stratifying for a 
variable capturing municipality-based average disposable 
household income level in quintiles (273,760–305,458, 
305,742–322,403, 323,556–339,384, 340,184–358,568 
and 359,050–599,126 Danish Kroner) (Statistics Den-
mark, www. stati stikb anken. dk). Specifically, we treated 
this municipality-based socioeconomic variable as a time-
dependent stratification variable, whose value depended on 
each cohort member’s actual day-to-day place of residence 
during follow-up.

In a second robustness analysis, we ended follow-up for 
HIV and other STIs on December 31, 2003 to eliminate any 
exposure misclassification due to incomplete data on non-
therapeutic circumcisions performed after 2003.

By restricting our cohort to non-Muslims, using birth 
year as a stratification variable for the baseline hazard rates, 
using age as the underlying time scale in all analyses, and 
censoring on the date of other foreskin surgery, we ensured 
that all HRs were based on culturally comparable, same-
aged strata of circumcised and intact males observed during 
comparable calendar years.

All Cox proportional hazards regression analyses were 
carried out using the PHREG procedure in SAS, version 9.4 
(SAS Institute, Cary, NC, USA).

Results

In our cohort of 810,719 non-Muslim males, the total obser-
vation period at risk for any STI between January 1, 1977 
and November 30, 2013 was 17.6 million person-years in 
intact males and 73,032 person-years in circumcised males. 
During follow-up, 3375 males (0.42%) were recorded as 
having undergone non-therapeutic circumcision in a hospi-
tal department or a doctor’s clinic. For cohort members born 
1994 to 2003, when circumcision data were available from 
both hospital departments and private clinics, the median 
age at circumcision was 5.9 months (range 0 days–10 years, 
interquartile range 2.4 years).

Non‑therapeutic circumcision and risk of any STI

Overall, 8531 cohort members were diagnosed in a Dan-
ish hospital with any STI, with the rate being 53% higher 
among circumcised than intact males (HR = 1.53; 95% CI: 
1.24–1.89) (Table 1).

http://www.statistikbanken.dk
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Non‑therapeutic circumcision and risk of specific 
STIs other than HIV

Anogenital warts, affecting 7225 males (74 circumcised, 
7151 intact), were by far the most common recorded type 
of STI in the cohort, with the rate being statistically signifi-
cantly higher in circumcised than intact males (HR = 1.51; 
95% CI: 1.20–1.90). The rate of gonorrhea in circumcised 
males was also higher than in intact males (HR = 2.30; 95% 
CI: 0.95–5.57), though not statistically significantly so (5 
circumcised, 364 intact). Despite small numbers among 
circumcised males (4 circumcised, 197 intact), the rate of 
syphilis was more than threefold higher in circumcised 
males (HR = 3.32; 95% CI: 1.23–8.95). Findings for genital 
herpes and the composite group of other STIs were incon-
spicuous (Table 1).

We examined whether the HRs for any STI and for ano-
genital warts specifically differed according to the age at 
which the non-therapeutic circumcision took place. Com-
pared with intact males, HRs for any STI were similar for 
males undergoing circumcision at or before (HR = 1.57; 95% 
CI: 0.99–2.49) or after (HR = 1.52; 95% CI: 1.20–1.92) the 
age of 24 months, based on 18 STIs in males circumcised 
at or before the age of 24 months, 69 STIs in males circum-
cised after that age, and 8444 STIs in intact males. Similarly, 
compared with intact males, HRs for anogenital warts were 
elevated for males undergoing non-therapeutic circumcision 
both at or before (HR = 1.73; 95% CI: 1.07–2.78) and after 

(HR = 1.46; 95% CI: 1.13–1.90) the age of 24 months, based 
on 17 cases of anogenital warts in males circumcised at or 
before the age of 24 months, 57 cases in males circumcised 
after that age, and 7151 cases in intact males.

Non‑therapeutic circumcision and risk of HIV

A total of 321 cohort members acquired HIV infection dur-
ing follow-up (0 circumcised, 321 intact). To meaningfully 
compare these numbers, the observation time at risk in the 
two groups must be taken into account. Among circumcised 
males, the 73,576 person-years at risk constituted only 0.4% 
of the total observation time, so to evaluate if the zero cases of 
HIV infection in this group differed significantly from the rate 
of 321 cases during 17.7 million person-years in intact males, 
we performed a simulation study (Table 2). Specifically, in a 
series of 100,000 simulations we established the probability 
distribution of anticipated numbers of cases of HIV infection 
among circumcised males assuming similar rates of HIV in the 
two groups, a plausible method considering the almost identi-
cal average periods of follow-up among intact (21.8 years) and 
circumcised (21.6 years) cohort members. As seen in Table 2, 
under the directional null hypothesis of equal or higher rates 
of HIV acquisition in circumcised males, zero observed cases 
of HIV infection among circumcised males occurred in 9.4% 
of the simulations. In other words, with a one-sided p value of 
0.094 the null hypothesis was not rejected, implying that rates 

Table 1  Hazard ratios (95% 
confidence intervals) of hospital 
contacts for sexually transmitted 
infections according to foreskin 
status among 0–36 year-old 
non-Muslim males, Denmark 
1977–2013

HR hazard ratio, CI confidence interval, NS not statistically significant, STI sexually transmitted infection
Cohort of 810,719 Danish-born non-Muslim males born January 1977 through December 2003 and fol-
lowed for sexually transmitted infections between January 1977 and November 2013
a Hazard ratios stratified for birth year with age as the underlying time scale
b Hazard ratios stratified for birth year and municipality-based household income with age as the underlying 
time scale
c Other STIs include chlamydia, chancroid, granuloma inguinale and trichomoniasis

Foreskin status Cases Person-years HRa (95% CI) HRb (95% CI)

Any STI Intact 8,444 17,625,247 1 Ref 1 Ref
Circumcised 87 73,032 1.53 (1.24–1.89) 1.44 (1.17–1.78)

Anogenital warts Intact 7,151 17,632,874 1 Ref 1 Ref
Circumcised 74 73,100 1.51 (1.20–1.90) 1.43 (1.14–1.79)

Gonorrhea Intact 364 17,667,813 1 Ref 1 Ref
Circumcised 5 73,558 2.30 (0.95–5.57) 2.23 (0.92–5.38)

HIV/AIDS Intact 321 17,667,559 1 Ref 1 Ref
Circumcised 0 73,576 – NS - NS

Syphilis Intact 197 17,668,780 1 Ref 1 Ref
Circumcised 4 73,562 3.32 (1.23–8.95) 3.25 (1.21–8.78)

Genital herpes Intact 197 17,668,242 1 Ref 1 Ref
Circumcised 2 73,573 1.54 (0.38–6.19) 1.50 (0.37–6.06)

Other  STIsc Intact 609 17,665,434 1 Ref 1 Ref
Circumcised 3 73,540 0.75 (0.24–2.34) 0.74 (0.24–2.29)
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of HIV infection among circumcised and intact males were not 
statistically significantly different.

Robustness analyses

In the first robustness analysis, we aimed to take the possible 
confounding influence of socioeconomic factors into account 
by stratifying for municipality-based disposable household 
income. This analysis yielded similar HRs as in the main anal-
ysis, including for any STI (HR = 1.44; 95% CI: 1.17–1.78), 
anogenital warts (HR = 1.43; 95% CI: 1.14–1.79) and syphilis 
(HR = 3.25; 95% CI: 1.21–8.78) (Table 1).

In the second robustness analysis, we ended follow-up on 
December 31, 2003 to reduce exposure misclassification. Due 
to the maximum attained age of 26 years during follow-up in 
this robustness analysis, the overall observed number of STIs 
(n = 1148 cases) was markedly reduced compared with the main 
analysis, thus rendering most analyses for specific STIs statisti-
cally unstable. However, the overall HR for any STI was similar 
to that of the main analysis (HR = 1.54; 95% CI: 0.89–2.65, based 
on 13 cases in circumcised males v 1135 cases in intact males), 
whereas the association of circumcision with risk of anogenital 
warts was strengthened (HR = 1.79; 95% CI: 1.01–3.17, based 
on 12 cases in circumcised males v 869 cases in intact males).

Discussion

To the best of our knowledge, our study is the first to 
offer a nationwide, prospective assessment of the asso-
ciation between circumcision in infancy or childhood and 

subsequent risk of acquiring HIV and other STIs. Until now, 
only two small longitudinal studies from New Zealand have 
addressed this question [33, 34]. In a 1977 birth cohort from 
Christchurch followed to the age of 25 years, researchers 
combined early maternal reports about circumcision status 
and self-reported STI histories at age 21 and 25 years for 
their assessment. Overall, 154 participants (30%) were cat-
egorized as circumcised before age 15 years, and 44 (9%) 
reported at least one episode of STI. Logistic regression 
analyses yielded statistically non-significant associations of 
circumcision with overall STI risk in cohort-specific follow-
up windows in age groups 18–21 years and 21–25 years as 
well as for individual STIs studied, including chlamydia, the 
most common STI reported by 22 cohort members. When 
considering all STIs together and combining data from the 
two age groups, the authors noticed a statistically significant 
association with higher odds of any STI among intact than 
circumcised participants (odds ratio = 2.7; 95% CI: 1.2–6.1) 
[33].

In another birth cohort comprising 499 men born 
1972–1973 in Dunedin, participants were followed for STI 
acquisition to age 32 years. According to maternal reports, 
201 cohort members (40%) had been circumcised before 
age 3 years, and 117 (23%) reported having had one or more 
STIs, notably genital warts (56 cases), chlamydia (46 cases) 
and genital herpes (34 cases). With almost three times more 
STI cases during follow-up than in the Christchurch study, 
the Dunedin cohort had substantially greater statistical 
power to identify a potential protective effect of circumci-
sion in infancy or childhood against STI acquisition, should 
one such truly exist. However, when comparing intact males 
with the reference group of circumcised males, the Dun-
edin study revealed no indication of a protective effect of 
circumcision against STI acquisition overall (incidence rate 
ratio (IRR) = 1.0; 95%CI: 0.7–1.3), against bacterial STIs 
combined (IRR = 1.1; 95%CI: 0.6–2.0), against viral STIs 
combined (IRR = 0.9; 95%CI: 0.6–1.4) or against any of the 
individual bacterial or viral STIs studied [34].

While numbers of circumcised males who acquired an 
STI were altogether seven in the Christchurch study [33] 
and 47 in the Dunedin study [34] during follow-up of cohort 
members until age 25 and 32 years, respectively, our study 
identified 87 STI cases in circumcised males followed for up 
to 36 years. For intact males, numbers acquiring an STI were 
37 in the Christchurch study, 70 in the Dunedin study and 
8444 in our study. Thus, our nationwide cohort study in Den-
mark is by far the most powerful prospective study to date.

In contrast to findings from African RCTs of circum-
cisions carried out in adolescence and adulthood, which 
together suggested 58% efficacy of VMMC in providing 
short and intermediate term prevention of HIV [2–5], our 
national cohort study with up to more than three decades 
of follow-up found no reduction in risk of HIV or other 

Table 2  Probability distribution for number of cases of HIV infection 
occurring in circumcised males assuming similar underlying rates of 
HIV acquisition among circumcised and intact 0–36  year-old non-
Muslim males, Denmark 1977–2013

Number of cases of HIV 
infection in circumcised 
males

Frequency (in 
100,000 simula-
tions)

Probability (%)

0 9349 9.35
1 22,224 22.22
2 25,805 25.81
3 20,858 20.86
4 12,372 12.37
5 5893 5.89
6 2400 2.40
7 787 0.79
8 224 0.22
9 61 0.06
10 23 0.02
11 3 0.003
12 1 0.001
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STIs following circumcision in infancy or childhood. Con-
sequently, our findings question the relevance and justifi-
ability of ongoing efforts to expand VMMC programs in 
Africa to also cover circumcision of male infants and boys 
under 15 years of age [22–25]. If childhood circumcision 
provides no protection against the acquisition of HIV and 
other STIs in adulthood, as our findings and those of the 
Dunedin cohort study suggest [34], this knowledge should 
inform debates over the practice of non-therapeutic circum-
cision of male minors [35–39].

In a comprehensive meta-analysis of studies on the asso-
ciation of circumcision status with subsequent incidence 
and prevalence of STIs other than HIV, Van Howe reported 
slightly, yet non-significantly lower incidence rates of any 
STI (relative risk = 0.91; 95% CI: 0.78–1.07) and of syphi-
lis (relative risk = 0.93; 95% CI: 0.64–1.34) among intact 
compared with circumcised men [40]. For several specific 
STIs, patterns were unclear, showing substantial differences 
between analyses based on STI incidence and prevalence 
data. For instance, the prevalence odds of genital warts were 
significantly lower in intact than circumcised males (odds 
ratio = 0.78; 95% CI: 0.63–0.96), but no significant differ-
ence was seen in prospective studies after attempts to correct 
HPV incidence rate ratios for uneven observation periods 
(lead time bias) and differential HPV detection probabilities 
among intact and circumcised men (relative risk = 0.96; 95% 
CI: 0.85–1.09). Overall, with due reservations, Van Howe 
concluded that while most specific STIs appear not to be 
impacted by circumcision status, the relative risks of any 
STI and, specifically, of genital warts appear to be lower in 
intact males [40]. With the numerically unstable exception 
of syphilis, which was significantly elevated among circum-
cised males in the present Danish study, our main findings of 
increased incidence rates of any STI and of anogenital warts 
in circumcised males are consistent with the conclusions 
reached by Van Howe.

Strengths and limitations

The findings of our study should be viewed in light of its 
strengths and limitations. Foremost among its assets is 
that we used truly population-based data on both exposure 
(foreskin status) and outcomes (STIs) that were routinely 
collected in national registers for purposes unrelated to 
our current research question. Consequently, unlike stud-
ies based on ad hoc collected research data under study-
specific circumstances, whose findings may be hard to 
generalize to the entire population, we relied on national 
register data in a country recognized for its favorable epi-
demiological research opportunities due to its tradition 
over many decades for keeping detailed registers of health-
related matters covering the entire population [41].

We constructed our cohort using high-quality admin-
istrative data on hospital contacts and publicly paid sub-
sidies to private practitioners [30, 31] to identify cohort 
members who had undergone non-therapeutic circumci-
sion. We identified study outcomes in the National Patient 
Register [30], and we used information about other fore-
skin operations to enable a clean comparison of STI risks 
in circumcised and genitally intact males. Due to the free 
and easy access to health care for all citizens in Den-
mark, we consider it unlikely that the probability of hav-
ing an established STI diagnosis recorded in the National 
Patient Register would differ between intact and circum-
cised males. Indeed, we believe our register data served 
as a valid population-based resource enabling an unbiased 
assessment of the relative risk of STIs in circumcised v 
intact males.

Another strength is that we restricted our study popu-
lation to Danish citizens without a Muslim cultural back-
ground, using an algorithm that was previously found to 
be valid [28, 29]. A recent national sex survey showed 
that Danish Muslims differ from the non-Muslim majority 
population on several accounts, including on matters like 
partner status, perceived quality of partner relation, sexual 
identity, age at sexual debut, recent and lifetime number of 
sex partners, unsafe sexual practices, and payment for sex, 
all of which may impact the risk of acquiring HIV and other 
STIs [42]. The restriction of our cohort to non-Muslim males 
minimized the risk for potential confounding of the underly-
ing true association of early-life male circumcision with risk 
of HIV and other STIs from unmeasurable factors that may 
differ among ethnic groups with different sexual attitudes 
and practices.

A number of limitations need consideration. First of all, 
our study was carried out in a country where non-therapeutic 
circumcision is an uncommon procedure. Specifically, only 
0.42% of our non-Muslim cohort members were recorded as 
being circumcised for non-therapeutic reasons, so numbers 
of STIs in circumcised males were limited for all specific 
types of STI, except anogenital warts. Despite this limita-
tion, our study had sufficient statistical power to show with 
95% confidence that the true circumcision-associated HRs 
for any STI, anogenital warts and syphilis are at least 24%, 
20% and 23% elevated, respectively. Moreover, in a direc-
tional (one-sided) test favoring circumcised genitalia, a 
test situation dictated by the prevailing expectation among 
organizations and stakeholders promoting circumcision in 
Africa that rates of HIV will be lower among circumcised 
males [14, 22–25], we failed to identify a difference in HIV 
risk between intact and circumcised males.

The infectious outcomes in our study comprised only 
those STIs among cohort members that were diagnosed in 
hospital departments, including ambulatory contacts in STI 
clinics. We had no means to identify STIs treated by general 
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practitioners, which likely explains the relatively low num-
bers of common STIs such as chlamydia and genital herpes 
in our study. It is important to note, however, that while 
absolute risk estimates for the studied STIs among intact and 
circumcised males cannot be derived from our study, it most 
likely provides unbiased estimates of the underlying true 
relative risks of acquiring HIV and other STIs. This will be 
so, provided the ascertainment of such infections took place 
independently of the foreskin status of cohort members. To 
this end, in a culturally homogeneous cohort like the present 
it seems implausible that any man’s decision to contact the 
health care system with signs or symptoms of an STI, and 
any doctor’s ability to diagnose STIs in these men, would 
somehow systematically depend on the foreskin status of 
these patients. Consequently, we consider our relative risk 
estimates, including the statistically significantly increased 
HRs for any STIs, anogenital warts and syphilis, as being 
reliable, regardless of our inability to provide accurate meas-
ures of absolute risk.

Relying on register data, our study did not have informa-
tion available about the sexual practices of cohort members. 
Consequently, we cannot tell if, and to what extent, differ-
ent sexual behaviors may have contributed to the observed 
higher STI risk in circumcised males. Links between child-
hood circumcision status and sexual behaviors later in life 
are not well-established, but some notable findings are 
worthy of consideration. In a study from the United States, 
where most non-therapeutic circumcisions are carried out 
shortly after birth, circumcised men tended to engage in a 
somewhat more elaborated set of sexual practices than intact 
men [43], which is consistent with a recent study showing 
higher sociosexual activity, including higher partner num-
bers in circumcised than genitally intact U.S. males [44]. 
Additionally, in a U.S. study of males attending STI clinics, 
circumcised males reported less consistent condom use than 
genitally intact males [45]. In Denmark, a previous study 
found that the age at sexual debut, the perceived importance 
of having a good sex life, partner-related sexual inactivity, 
and the frequency of sexual activity among the sexually 
active did not differ between intact and circumcised men. 
However, a higher proportion of circumcised (38%) than 
intact (28%) men reported 10 or more sex partners over their 
lifetime [17]. In the cohort study from Dunedin, New Zea-
land, circumcised participants had significantly fewer sex 
partners than intact males, and adjustment for this poten-
tial confounder did not affect the observed null-association 
between circumcision status and STI risk in that study [34]. 
On this background, it is unclear to what extent the present 
study’s significantly elevated HRs for STIs overall, anogeni-
tal warts and syphilis would be explained by more risky 
sexual behaviors among circumcised men, although higher 
sociosexual activity and less consistent condom use among 
circumcised males may have been a contributing factor.

Individual-level socioeconomic variables were unfortu-
nately not available for our analyses. In one of the robustness 
analyses, we stratified the background rates by municipal-
ity-based disposable household income levels to partially 
overcome this limitation. HRs in this analysis changed only 
marginally, suggesting that any residual socioeconomic con-
founding, which was unaccounted for by the municipality-
level stratification used, is unlikely to have affected our HRs 
to any great extent.

In conclusion, our cohort study provides the first nation-
wide, prospective assessment of the long-term impact on 
STI risk of non-therapeutic male circumcision carried out in 
infancy or childhood. Our study provides population-based 
evidence that early-life circumcision is unlikely to provide 
protection against HIV or other STIs in males up to the age 
of 36 years. Rather, in our study circumcision was associ-
ated with higher STI rates overall, particularly for anogeni-
tal warts and syphilis. Our findings are relevant for ongo-
ing debates on the ethics surrounding genital surgeries on 
healthy children [46], and should be thoroughly considered 
among international organizations and stakeholders pre-
paring to expand ongoing adult circumcision programs in 
Africa in the fight against HIV and other STIs to also cover 
circumcision of young boys and male infants.
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