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Supplemental Figure 1: Proposed directed acyclic graphs depicting the relationship between circumcision status and high-risk human papillomavirus (HPV) positivity, with circumcision status modeled as an exposure (A) and as an effect modifier of the effect of number of lifetime sex partners on high-risk HPV positivity (B). 
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Supplemental Table 1: High-risk HPV penile prevalence among male ages 18–59 years stratified by demographic and behavioral characteristics among sexually experienced 18–59-year-old males, NHANES, United States, 2013–2016
	
	Circumcised
	
	Uncircumcised

	Characteristic/behavior
	N
	HR-HPV Prevalence % (95% CI)
	
	N
	HR-HPV Prevalence % (95% CI)

	Overall
	1967
	25.6 (22.9–28.5)
	
	900
	20.5 (17.1–24.3)

	Age group, years
	
	
	
	
	

	   18–29
	552
	26.8 (22.6–31.4)
	
	271
	23.9 (18.0–31.0)

	   30–39
	520
	27.3 (23.5–31.4)
	
	219
	20.5 (13.9–29.1)

	   40–49
	447
	21.0 (17.1–25.6)
	
	202
	15.5 (11.7–20.2)

	   50–59
	448
	27.2 (21.7–33.5)
	
	208
	19.9 (14.1–27.3)

	   Missing
	0
	
	
	0
	

	Race/ethnicity
	
	
	
	
	

	   Non-Hispanic White
	973
	24.4 (21.0–28.2)
	
	110
	18.7 (11.3–29.5)

	   Non-Hispanic Black
	454
	34.7 (31.2–38.3)
	
	152
	39.0 (31.8–46.6)

	   Mexican American
	160
	22.3 (14.0–33.6)
	
	285
	17.4 (13.5–22.2)

	   Other Hispanic
	136
	29.1 (21.0–38.7)
	
	154
	21.4 (15.2–29.3)

	   Non-Hispanic Asian
	142
	16.4 (12.0–22.1)
	
	173
	11.3 (7.6–16.5)

	   Other non-Hispanic
	102
	29.1 (19.8–40.5)
	
	26
	19.2 (6.2–45.8)a

	   Missing
	0
	
	
	0
	

	Country of birth
	
	
	
	
	

	   United States
	1642
	26.2 (23.2–29.4)
	
	414
	25.0 (20.3–30.4)

	   Other
	324
	19.8 (15.0–25.6)
	
	486
	15.5 (11.9–19.9)

	   Missing
	1
	
	
	0
	

	Poverty status
	
	
	
	
	

	   Below poverty
	354
	34.6 (28.4–41.3)
	
	206
	28.6 (22.4–35.7)

	   At or above poverty
	1475
	25.0 (21.7–28.5)
	
	617
	17.7 (13.7–22.6)

	   Missing
	138
	
	
	77
	

	Insurance status
	
	
	
	
	

	   Private insurance
	1094
	22.4 (18.9–26.4)
	
	432
	16.5 (13.0–20.8)

	   Other insurance
	363
	30.4 (24.0–37.6)
	
	167
	25.0 (17.6–34.2)

	   Uninsured
	508
	33.0 (29.6–36.6)
	
	300
	24.6 (20.4–29.3)

	   Missing
	2
	
	
	1
	

	Number of lifetime partners
	
	
	
	
	

	   1–2
	310
	7.0 (4.0–11.8)
	
	224
	10.0 (5.5–17.3)

	   3–5
	384
	13.1 (9.5–17.6)
	
	232
	18.3 (12.9–25.3)

	   5–9
	334
	27.4 (21.6–34.2)
	
	129
	19.9 (14.1–27.4)

	   10–15
	340
	30.1 (23.5–37.7)
	
	132
	26.1 (17.6–36.9)

	   ≥16
	599
	40.2 (35.6–45.0)
	
	183
	31.3 (23.8–40.0)

	   Missing

	0
	
	
	0
	

	New partner in the past year
	
	
	
	
	

	   Yes
	413
	39.1 (33.3–45.2)
	
	176
	32.1 (23.1–42.6)

	   No
	1549
	22.4 (19.5–25.7)
	
	713
	17.5 (14.4–21.1)

	   Missing
	5
	
	
	11
	


CI, confidence interval; HPV, human papillomavirus; HR, high-risk; NHANES, National health and Nutrition Examination Survey
a Relative standard error >50% indicating statistically unstable estimate

Supplemental Table 2: Justification for proposed directed acyclic graph depicting the relationship between circumcision status and high-risk human papillomavirus (HPV) positivity
	Edge Variables
	
	
	

	From
	To
	Justification
	Reference

	Circumcision
	High-risk HPV
	Clinical trials have shown HPV acquisition is higher among uncircumcised males compared to circumcised males. 
	(1-3)

	Age group
	Circumcision
	Proportion of newborns circumcised has been declining over time. 
	(4-6)

	Race/ethnicity
	Circumcision
	Prevalence of circumcision differs substantially by race/ethnicity.
	(5-7)

	Country of birth
	Circumcision
	Prevalence of circumcision among those born in the United States is much higher than among those born in other countries.
	(5, 8)

	Race/ethnicity 
	Country of birth
	The percent of non-US born persons is much higher among Asian and Hispanic persons in the United States than White persons.
	(9)

	Age group
	Number of lifetime sex partners
	Number of lifetime sex partners increases with age.
	(10)

	Age group
	New sex partner in the past year
	Percent with a new sex partner in the past year decreases with age.
	(10)

	Race/ethnicity
	Number of lifetime sex partners
	Black persons report a higher number of lifetime sex partners while Asian persons report a lower number of lifetime sex partners compared to White persons.
	(11, 12)

	Country of birth
	Number of lifetime sex partners
	Attitudes towards sexual behavior vary substantially among different cultures and levels of acculturation among immigrants in the United States and Canada. These differences may result in varying numbers of lifetime partners by country of birth.
	(13-15)

	New sex partner in the past year
	Number of lifetime sex partners
	Persons with a new sex partner in the past year have higher numbers of lifetime sex partners, on average, compared to those without a new partner in the past year.
	(10)

	Number of lifetime sex partners 
	High-risk HPV
	High-risk HPV prevalence is higher among those with a higher number of lifetime partners.
	(16, 17)

	New sex partner in the past year 
	High-risk HPV
	High-risk HPV prevalence is higher among persons with a new partner in the past year.
	(17)

	Poverty status
	Number of lifetime sex partners
	Those with lower incomes report more partners in the past year than those with higher income. Theoretically, this could translate to a higher number of lifetime partners.
	(18)

	Poverty status 
	Insurance status
	Among persons in the lowest income-to-poverty ratio group, prevalence of being uninsured is highest and prevalence of having private insurance is lowest compared to those in the highest income-to-poverty ratio group.
	(19)

	Insurance status 
	Circumcision
	The percent of newborns who received circumcision was substantially higher among those with private insurance compared to those with Medicaid. 
	(4, 6, 7, 20)


Note: Edges not included in the DAG were excluded due to evidence of a lack of association (e.g., circumcision & number of lifetime partners) or because the relationship between two variables was assumed to have a negligible effect on the circumcision – high-risk HPV association given other pathways in the model (e.g., age group & poverty status). 


	
	N
	
	Prevalence, % (95% CI)
	
	PR (95% CI)
	
	aPR (95% CI)a

	No. of lifetime 
partners
	Circumcised
N = 1642
	Uncircumcised
N = 414
	
	Circumcised
N = 1642
	Uncircumcised
N = 414
	
	Circumcised
N = 1642
	Uncircumcised
N = 414
	
	Circumcised
N = 1635b
	Uncircumcised
N = 412c

	Overall
	1642
	414
	
	26.2 (23.2-29.4)
	25.0 (20.3-30.4)
	
	1.05 (0.87-1.26)
	Ref
	
	1.02 (0.80-1.29)
	Ref

	1–2
	230
	88
	
	   6.9 (3.7–12.4)
	11.6 (5.4–23.2)d
	
	0.59 (0.23–1.53)
	Ref
	
	0.65 (0.25–1.71)
	Ref

	3–5
	297
	94
	
	 12.7 (8.9–17.8)
	21.7 (13.2–33.6)
	
	1.10 (0.52–2.29)
	1.87 (0.84–4.20)
	
	1.17 (0.53–2.60)
	1.72 (0.78–3.78)

	6–9
	277
	60
	
	27.9 (21.3–35.6)
	21.3 (12.5–33.9)
	
	2.41 (1.23–4.70)
	1.84 (0.75–4.55)
	
	2.35 (1.11–4.99)
	1.77 (0.71–4.42)

	10–15
	294
	65
	
	30.5 (23.5–38.5)
	34.3 (22.8–48.0)
	
	2.64 (1.30–5.35)
	2.96 (1.34–6.57)
	
	2.71 (1.23–5.97)
	2.64 (1.16–6.03)

	≥16
	544
	107
	
	40.8 (35.9–45.8)
	37.7 (27.4–49.4)
	
	3.52 (1.68–7.36)
	3.26 (1.45–7.33)
	
	3.37 (1.45–7.87)
	2.80 (1.11–7.07)


Supplemental Table 3: High-risk HPV penile prevalence and prevalence ratios by number of lifetime partners and circumcision status among sexually experienced 18–59-year-old males born in the United States, NHANES, United States, 2013–2016
aPR, adjusted prevalence ratio; CI, confidence interval; HPV, human papillomavirus; NHANES, National Health and Nutrition Examination Survey; PR, prevalence ratio; ref, reference
a aPR adjusted for age group, race/ethnicity, country of birth, insurance, new partner in the past year (and number of lifetime partners for the Overall comparison)
b 7 participants excluded due to missing information on new partner in the past year (n = 5) or insurance status (n = 2)
c 2 participants excluded due to missing information on new partner in the past year (n = 2)
d Relative standard error >30% indicating statistically unstable estimate
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