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ABSTRACT 

Purpose: Randomized trials from Africa demonstrate that circumcision reduces the risk of 

acquiring HIV among males. However, few studies have examined this association in Western 

populations. We sought to evaluate the association between circumcision and the risk of 

acquiring HIV among males from Ontario, Canada. 

Materials and Methods: We conducted a population-based matched cohort study of residents in 

Ontario, Canada. We identified males born in Ontario who underwent circumcision at any age 

between 1991 and 2017. The comparison group consisted of age-matched males who did not 

undergo circumcision. The primary outcome was incident HIV. We used cause-specific hazard 

models to evaluate the hazard of incident HIV. We performed several sensitivity analyses to 

evaluate the robustness of our results: matching on institution of birth, varying the minimum 

follow-up period, and simulating various false-negative and false-positive thresholds. 

Results: We studied 569,950 males, including 203,588 who underwent circumcision and 

366,362 who did not. The vast majority (83%) of circumcisions occurred prior to age 1 year. In 

the primary analysis, we found no significant difference in the risk of HIV between groups 

(adjusted hazard ratio 0.98 (95% confidence interval 0.72 to 1.35)). In none of the sensitivity 

analyses did we find an association between circumcision and risk of HIV.  

Conclusions: We found that circumcision was not independently associated with the risk of 

acquiring HIV among males from Ontario, Canada. Our results are consistent with clinical 

guidelines that emphasize safe-sex practices and counselling over circumcision as an 

intervention to reduce the risk of HIV.
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INTRODUCTION  

Early descriptions of an inverse association between the prevalence of HIV and 

circumcision led to the hypothesis that circumcision could reduce the risk of acquiring HIV1. 

Since then, three randomized trials conducted in Uganda2, Kenya3, and South Africa4 and several 

observational studies have evaluated this association. A recent meta-analysis of 49 studies 

involving a total of 198,125 subjects found that circumcision was associated with a 42% reduced 

risk of acquiring HIV5.  

Potential explanations for the apparent protection provided by circumcision include 

decreased risk of intercourse-related microabrasions that may facilitate virus entry6, reduced 

surface area of Langerhans cells, one of the initial targets for HIV following sexual exposure7, 

and reduced risk of co-infection with an ulcerative or inflammatory sexually transmitted 

infection that may increase susceptibility to HIV8.  

Despite the available data, there continues to be uncertainty regarding the role of 

circumcision in reducing the risk of acquiring HIV, particularly in Western populations as the 

randomized trials conducted in Africa may not be generalizable to populations where HIV 

prevalence is lower and transmission is more common among men who have sex with men 

(MSM) or via intravenous drug-use. Although observational studies exist in Western 

populations, they focus exclusively on MSM5. No population-based study has explored the 

potential role of circumcision as a public health intervention to reduce the risk of HIV. We 

examined this association among males born in Ontario, Canada. 
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MATERIALS AND METHODS 

Setting  

 We conducted a population-based matched cohort study of males born in Ontario, 

Canada. Residents of Ontario have universal access to physician services and hospital care. This 

study was approved by the Research Ethics Board of Mount Sinai Hospital, Toronto, Ontario. 

Data sources 

We obtained physician claims data from the Ontario Health Insurance Plan (OHIP) 

database. We obtained hospitalization data from the Canadian Institute for Health Information9 

(CIHI) Discharge Abstract Database and Same Day Surgery Database, which contain detailed 

clinical information regarding admissions to hospitals and outpatient surgical procedures, 

respectively. We obtained basic demographic data from the Registered Persons Database, a 

registry of all Ontario residents eligible for health insurance. These databases were linked in an 

anonymous fashion using encrypted health card numbers, and are routinely used to study the 

long-term consequences of medical care10, 11. Details regarding these databases have been 

described elsewhere12. 

Study Participants  

 We identified all males born in Ontario who underwent a circumcision at any age 

between April 1, 1991 and March 31, 2017 using physician claims data and hospitalization codes 

(Supplemental methods 1) from the OHIP and CIHI databases, respectively. These dates were 

based on the data available at the time of analysis. These databases and codes have been 

previously used to study the association between circumcision and infant urinary tract infections 
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in Ontario, Canada10. Both databases have been shown to have strong validity for surgical 

procedures9, 13. 

We required that all study subjects be born in Ontario to avoid potential misclassification 

of those undergoing circumcision prior to immigration to Ontario. We also required that the 

subjects have follow-up beyond age 14 years, because our objective was to evaluate the 

association between circumcision and risk of acquiring HIV through sexual transmission. This 

age was chosen a priori based on a study demonstrating that approximately 10% of Canadian 

males reported their age of first intercourse being younger than 15 years14. We varied the 

minimum follow-up threshold in a sensitivity analysis described below. 

 For each male who underwent circumcision and met inclusion criteria, we selected up to 

10 males who did not undergo circumcision, matching on date of birth (+/- 30 days).  

The index date was defined as the age of presumed sexual activity (14 in the primary 

analysis) or the date of circumcision (corresponding date based on the date of birth in the control 

group), whichever occurred later. We excluded those with a diagnosis of HIV prior to the index 

date. 

Outcome Assessment  

 The primary outcome was incident HIV, defined as the first recorded date of HIV 

diagnosis in the HIV database. This database was derived in Ontario using similar databases to 

the present study and has been validated with a sensitivity of 96.2% and specificity of 99.6%15. 

This database has been used in several studies to explore the care and outcomes of patients with 

HIV in Ontario16, 17. 
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 We followed subjects until incidence of HIV, date of last contact with health services, 

death, or March 31st, 2018, whichever occurred first. 

Covariates 

 To address possible confounding related to socioeconomic status18, we performed an 

analysis adjusting for estimated income quintile using census-reported median income of the 

forward sortation area19, a geographical unit denoted by the first three characters of the Canadian 

postal code.   

Statistical Methods   

 We compared baseline differences between the circumcised and non-circumcised groups 

with standardized differences20, defining imbalance as values greater than 0.20 (small effect 

size)21. We obtained crude estimates of HIV incidence over time using the cumulative incidence 

function. We estimated median follow-up with the reverse Kaplan-Meier method. We conducted 

time-to-event analyses using cause-specific hazard models that account for the competing risk of 

death to estimate the association between circumcision and the rate of incident HIV. We used a 

robust variance estimator in the Cox models to account for the matched nature of the sample. 

The proportional hazards assumption was verified by plotting Schoenfeld residuals against time 

and by including interactions between the underlying time scale and each variable in the model. 

 All statistical analyses were performed using SAS (version 9.4; SAS Institute, Cary, NC).  

Sensitivity Analysis 

 To test the robustness of our findings, we performed four additional analyses. First, to 

further reduce potential heterogeneity between the circumcised and non-circumcised groups, we 
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matched additionally on the institution at birth. Second, due to uncertainty regarding the age at 

which individuals become sexually active, we evaluated ages 12 and 18 as alternative thresholds 

for minimum follow-up. Third, given the potential for misclassification of circumcision status, 

we evaluated various thresholds of sensitivity and specificity of the exposure. The thresholds 

were chosen a priori (Supplemental methods 2). Finally, to evaluate unmeasured confounding, 

we calculated the E-value22. Briefly, E-values represent the minimum strength of association that 

an unmeasured confounder would need to have with both the exposure and outcome to move the 

observed estimate to any other value (Supplemental methods 3).  
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RESULTS 

 Over the 26-year study period, we identified 256,941 males born in Ontario who 

underwent circumcision and who had follow-up to at least age 14 years. Of these, we matched 

203,589 (79%) to 366,363 males who did not undergo circumcision. Non-matched circumcised 

subjects tended to be from earlier years of the study, likely reflecting the decreasing use of 

circumcision over time in Ontario23 and were more likely to be from a rural area (Supplemental 

table 1), likely reflecting the lower number of births in rural areas. After excluding subjects with 

a diagnosis of HIV prior to the index date (fewer than 6 subjects, not further described for 

privacy compliance), the final study cohort consisted of 569,950 males (Table 1). There were no 

major imbalances between the groups. The majority (83%) of circumcisions occurred prior to the 

age of 1. Median follow-up was 6.2 (interquartile range (IQR) 3.4 to 9.0) years. 

Incident HIV 

 We identified 142 incident cases of HIV, of which 51 occurred in the circumcised group 

and 91 in the non-circumcised group. The median age at HIV diagnosis was 21.8 (IQR 20.6 to 

23.7) and 22.2 (IQR 20.6 to 23.6) years in the circumcised and non-circumcised group, 

respectively. 

Figure 1 demonstrates the cumulative probability of incident HIV, stratified by 

circumcision status.  

In the unadjusted analysis, circumcision was not significantly associated with the hazard 

of incident HIV (hazard ratio 0.87, 95% confidence interval 0.60-1.27). In the adjusted analysis, 

the association between circumcision and HIV was brought closer to the null (hazard ratio 0.98, 

95% confidence interval 0.72-1.35, Table 2).  
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Sensitivity Analysis 

 The results of the sensitivity analyses are shown in Figure 2, all of which demonstrated 

no significant association between circumcision and risk of HIV. 

 Using the pooled effect size (relative risk 0.445) from the randomized trials as the true 

causal effect, we calculated an E-value of 3.88 for the estimate and 2.37 for the confidence 

interval. This means that an unmeasured confounder associated with both circumcision and HIV, 

each by risk ratios of at least 3.88, could move the observed adjusted hazard ratio of 0.98 to 0.44, 

but confounding weaker than that could not. Furthermore, the risk ratio of the unmeasured 

confounder’s association with both the exposure and outcome would each have to be at least 

2.37-fold to explain away the observed upper confidence limit crossing the null, but weaker 

confounding could not.
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DISCUSSION 

  The role of circumcision in reducing the risk of acquiring HIV remains controversial. 

Several societies acknowledge the randomized trials from Uganda, Kenya, and South Africa 

which demonstrate its efficacy, but also caution that these results may not be generalizable to 

areas where HIV prevalence and transmission patterns differ24-26. Our study of 569,950 males 

from Ontario, Canada, found no significant association between circumcision and the risk of 

acquiring HIV. These findings support that the effectiveness of circumcision as a public health 

intervention to reduce the risk of HIV will likely vary depending on the population. 

To date, three randomized trials from eastern and southern Africa have evaluated the 

association between circumcision and HIV2-4. Pooled results from these trials demonstrated that 

circumcision significantly reduced the risk of acquiring HIV by 56%5. If efficacy of this 

magnitude were generalizable to other populations, circumcision would represent one of the 

most effective surgical interventions in primary infection prevention and wider adoption would 

be encouraged. However, the efficacy of any intervention varies based on the characteristics of 

the population; in the context of this study, it is expected that the ability of circumcision to 

reduce the risk of acquiring HIV would be diminished where HIV prevalence is lower. In 

Ontario, the estimated prevalence of HIV is less than 0.2%27, much lower than the reported 

prevalence of 25% and 18% among the Luo people, who comprised the majority of participants 

in the Kenyan trial3. Furthermore, it has been shown that the protective association between 

circumcision and risk of HIV is stronger in heterosexual males compared to MSM5. Therefore, 

the magnitude of the effect of circumcision may also be diminished in populations where HIV is 

transmitted more commonly among MSM, as well as in populations where injection drug use 

accounts for a larger proportion of cases, as is the case in Ontario28, Canada29, and USA30. These 
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differences in population characteristics may explain why our results differ from the randomized 

trials from Africa. 

A few observational studies evaluating circumcision and risk of HIV have been done in 

Western countries. However, many of these have been criticized for the potential 

misclassification of the exposure and outcome26. Furthermore, these studies evaluated only MSM 

and were of limited sample size.5. Our study is the largest to date on this topic and represents the 

first to evaluate the association of circumcision and HIV among a relatively unselected Western 

population. Our results are strengthened by using validated databases to identify both the 

exposure and outcome. While the circumcision procedure code has not specifically been 

validated, several other surgical procedures have been shown to have high sensitivity and 

positive predictive value9, 13; we anticipate a high positive predictive value for circumcision 

given the young age and male sex of all subjects. We acknowledge that circumcision performed 

outside of a medical setting, such as those performed for religious reasons, would not be 

identified in our method of assessing exposure. Additionally, we recognize that the databases 

used are administrative in nature and prone to coding errors. However, we evaluated the 

robustness of our results to varying thresholds of sensitivity and specificity and found consistent 

results demonstrating a lack of significant benefit from circumcision in reducing the risk of 

acquiring HIV. 

 Additional strengths of this study include its generalizability and extended follow-up. 

While the population-based approach has the advantage of generalizability, it also suffers from 

heterogeneity. It is therefore possible that the effect of circumcision varies among sub-

populations in Ontario. As mentioned, it has been suggested that the strength of association 

varies according to sexual orientation5. We were unable to adjust for this factor as these data are 
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not available. There may be additional characteristics that differ between the circumcised and 

non-circumcised groups that we did not account for, including sexual (eg, number of partners, 

condom use, transactional sexual intercourse, etc.) and non-sexual (eg, intravenous drug use) risk 

behaviours, limiting the ability of our study to measure the direct effect of circumcision on risk 

of acquiring HIV. However, there is conflicting evidence on the influence of circumcision on 

sexual risk behaviours2-4 and it is unlikely that circumcision status is associated with intravenous 

drug use. Furthermore, the purpose of this study was to evaluate the potential effect of a public 

health intervention to reduce the risk of HIV, rather than the effect in particular subgroups. It is 

therefore important to emphasize that our results should therefore be interpreted on the Ontario 

population-level, and it remains possible that circumcision is an effective method in reducing the 

risk of HIV in particular subgroups. 

Further limitations of this study include the inability to capture HIV diagnosed beyond 

age 26, given the limitations of the inception dates of the databases. Although most cases of HIV 

are transmitted sexually and this is beyond the onset of sexual activity for the majority of the 

studied population14, it remains conceivable that a protective effect of circumcision might 

become evident with longer follow-up. Additionally, our cohort included a sample that had not 

become sexually active during follow-up; this could bias the results towards the null, particularly 

if this was overrepresented in the non-circumcised group. However, it is anticipated that this 

sample is small and distributed equally between groups; therefore, their inclusion should not 

meaningfully impact the results; furthermore, inclusion of these subjects, as was done in the 

previous trials on this topic2-4, follows the intention-to-treat principle of a randomized trial.  

Despite these limitations, this study is the largest to date and the first to provide 

information on the association of circumcision and HIV in a relatively unselected Western 
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population. The sensitivity analyses lend support to the robustness of the findings and the 

estimated E-value suggests that considerable unmeasured confounding would be required to 

meaningfully influence the results. Given that a randomized trial on this topic is unlikely to ever 

occur in a Western population, our results can help inform policy and recommendations 

regarding the use of circumcision in these areas. 
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CONCLUSION 

 We found that circumcision was not independently associated with the risk of acquiring 

HIV among men from Ontario, Canada. These findings differ from the randomized trials from 

Uganda, Kenya, and South Africa, and support the notion that the magnitude of effect of 

circumcision in reducing HIV incidence varies based on the population.   
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FIGURE LEGENDS 1 

Figure 1: Cumulative incidence of HIV by circumcision status. 2 

Figure 2: Sensitivity analyses evaluating the association between circumcision and risk of HIV.  3 

 4 
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Table 1: Characteristics of circumcised subjects matched to non-circumcised subjects from 
Ontario, Canada. 

Patient characteristic Circumcised 
(n=203,588) 

Non-circumcised 
(n=366,362) 

Absolute 
standardized 

difference 
Age at circumcision (years, median (IQR)) 0.088  

(0.085 – 0.096) 
  

Year of cohort entry (n (%))   0.18 
  1991 – 1995 90607 (44) 137492 (38)  
  1996 – 2000 71672 (35) 134851 (37)  
  2001 – 2005 30036 (15) 64834 (18)  
  2006 – 2010 6560 (3.2) 17418 (4.7)  
  2011 – 2016  4713 (2.3) 11767 (3.2)  
Income quintile (n (%))   0.03 
  Missing 1540 (0.078) 3211 (0.088)  
  1 (lowest) 43826 (22) 82259 (22)  
  2 40856 (20) 74436 (20)  
  3 41501 (20) 72962 (20)  
  4 41269 (20) 72091 (20)  
  5 (highest) 34596 (17) 34596 (17)  
Rural (n (%))   0.02 
  Missing 322 (0.0016) 541 (0.0015)  
  Yes 29950 (15) 48211 (13)  
  No 173316 (85) 317610 (87)  
Abbreviations: IQR: interquartile range 
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Table 2: Association between circumcision and rate of incident HIV among 569,950 males in 
Ontario, Canada. 

 Unadjusted 
(HR (95% CI)) 

Adjusted 
(HR (95% CI)) 

Circumcised (yes vs. no) 0.87 (0.60 – 1.27) 0.98 (0.72 – 1.35) 
Income quintile   
  1 (lowest) Reference Reference 
  2 0.50 (0.28 – 0.92) 0.51 (0.31 – 0.82) 
  3 0.65 (0.31 – 1.34) 0.65 (0.36 – 1.16) 
  4 0.30 (0.14 – 0.67) 0.30 (0.16 – 0.58) 
  5 (highest) 0.34 (0.15 – 0.80) 0.35 (0.18 – 0.66) 
Abbreviations: CI: confidence interval; HR: hazard ratio 
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