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Abstract

Purpose—Smoking is an established risk factor for a human papillomavirus (HPV) infection 

advancing to cervical precancer and cancer, but its role earlier in the natural history is less clear. 

Smoking is inversely associated with possessing HPV antibodies from a past infection suggesting 

that smoking may influence acquiring subsequent infections.

Methods—In a cohort of 1,976 U.S. women, we evaluate whether reduced antibodies to HPV-16 

is a mechanism for smoking's role on acquiring a subsequent HPV-16 infection, through the 

analytic technique of causal mediation analysis. We posit a causal model and estimate two 

counterfactually-defined effects: a smoking impaired antibody-mediated indirect effect, and a non-

mediated direct effect representing all other potential mechanisms of smoking.

Results—Compared to never smokers, current smokers had increased odds of HPV-16 infection 

by the antibody-mediated indirect effect (odds ratio=1.29, 95% confidence interval: 1.11, 1.73); 

the estimated direct effect was very imprecise (OR=0.57, 95% CI: 0.26, 1.13). We observed a 

stronger estimated indirect effect among women who smoked at least half a pack of cigarettes 

daily (OR=1.61, 95% CI: 1.27, 2.15) than among women who smoked less than that threshold (OR 

= 1.09; 95% CI: 0.94, 1.44).

Conclusions—This is the first study to directly test the mechanism underlying smoking as an 

HPV cofactor. The results support current smoking as a risk factor earlier in the natural history of 

HPV, and are consistent with the hypothesis that smoking increases the risk of a subsequent 

infection by reducing immunity.
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Introduction

Human papillomavirus (HPV) infections are commonly acquired shortly after sexual 

initiation and are the necessary cause of cervical carcinogenesis (1). Most infections are 

cleared within 1-2 years, but some persist. Women with a persistent carcinogenic HPV 

infection are at risk of developing precancerous lesions that may progress to cervical cancer 

(1, 2). Some infected women will develop antibodies, which could protect against a 

subsequent infection by that HPV type (3-6).

Risk factors are associated with acquiring antibodies from an HPV infection. Greater sexual 

activity increases a woman's exposure to HPV and thus her opportunity to develop 

antibodies (7, 8). Other factors, such as smoking, may impair a woman's antibody response 

(9-11). For smoking, a diminished antibody response could be a consequence of an impaired 

immune system. Smoking affects both the cellular and humoral immune response; it can 

reduce cytokines, natural killer cells, and immunoglobulins (12). Impairing the cellular 

response could lead to a persistent infection by inadequate clearance of HPV; while 

impairing the humoral response could lead to a subsequent infection by inadequate antibody 

protection. Despite smoking being associated with a lower natural antibody response, it is 

unclear whether it results in an increased risk of subsequent HPV infection. To directly test 

that causal mechanistic research question in human subjects requires an analytic technique 

called mediation analysis.

In a secondary analysis within a large clinical trial, we sought to evaluate the role of 

smoking and naturally acquired antibodies in subsequent HPV-16 infections. We posit a 

causal model of smoking, HPV antibodies, and HPV subsequent infection to estimate two 

causal pathways using mediation analysis: 1) a smoking impaired antibody-mediated 

pathway; and 2) an alternative non-mediated pathway representing all other potential 

mechanisms of smoking.

Methods

Study population

The Atypical Squamous Cells of Undetermined Significance (ASCUS) Low-Grade 

Squamous Intraepithelial Lesion (LSIL) Triage Study (ALTS) was a multicenter randomized 

controlled trial conducted by the National Cancer Institute from 1996 to 1998 – before the 

development of the HPV vaccine – comparing clinical management strategies for women 

with ASCUS or LSIL cytology results (13). The study enrolled 3,488 women with ASCUS 

and 1,572 with LSIL at four clinical centers in the United States and followed them for two 

years, during which the centers collected cervical specimens at six month intervals to test for 

HPV. In addition to completing a baseline questionnaire, 2,736 women also donated baseline 

blood samples allowing for the serological testing required for this analysis. We also 

required a population that was at risk for a subsequent HPV-16 infection during follow-up, 

meaning that each subject had been previously exposed to HPV-16. Given the ALTS 

inclusion criteria of ASCUS or LSIL, we assumed all subjects had a past exposure to 

HPV-16, thus had the opportunity to develop antibodies; we address this assumption by a 
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sensitivity analysis described in the statistical analyses. To create our at risk population from 

those who donated blood, we excluded women who were not HPV-16 negative at baseline (n 

= 271); our results do not change if we include baseline HPV-16 positive women in the 

analytical study population after a negative HPV test during follow-up. We additionally 

excluded women with cervical intraepithelial neoplasia grade 2 or more severe because they 

are further along the natural history (n = 487). Two subjects were missing smoking 

information and were excluded, leaving the final analytical cohort with 1,976 women of 

whom 131 tested positive for HPV-16 during follow-up. Our exposure, smoking status 

(never [referent], former, current) and our mediator, HPV antibody status (positive, negative) 

were defined from the baseline questionnaire asking “Do you currently smoke” (and how 

much), and blood draw respectively. We defined our outcome, subsequent HPV-16 infection 

(yes, no), if any of a woman's follow-up cervical specimens tested positive for HPV-16.

HPV DNA genotyping and HPV serology

Cervical specimens were genotyped for HPV DNA using the Line Blot Assay (Roche 

Molecular Systems, Pleasanton, CA) (14), the predecessor to Linear Array. Extracted DNA 

was amplified using a PGMY09/11 L1 consensus primer, and the amplicon was tested using 

reverse line blot hybridization for the presence of 27 HPV genotypes, including type 16. 

Testing was done at baseline and up to four follow-up specimens (6, 12, 18, and 24 months).

A Luminex-based multiplex serology assay was used to test the baseline serum samples for 

HPV antibodies. Glutathione S-transferase (GST) fusion proteins targeted to the HPV L1 

major capsid antigen measured seroreactivity for eight types, including type 16 (15). The 

proteins are bound to fluorescence-labeled polystyrene beads (Luminex, Austin, TX) and 

analyzed with a Luminex 100 that quantifies the fluorescence intensity associated with the 

antibodies to the viral antigens. The antigen types were loaded onto different colored bead 

sets, then loaded into a 96-well plate. Diluted serum specimens were incubated with a bead 

mixture, and antibodies that bound to beads were stained using biotinylated anti-human-Ig 

and streptavidin-R-phycoerythrin, and then analyzed. The assay reports median fluorescence 

intensity (MFI) of a minimum of 100 beads analyzed per bead set/antigen. The background 

fluorescence level was set using the MFI of empty GST-tag-loaded beads. The seroreactivity 

for a given HPV protein was its MFI level subtracting the background level. We defined the 

MFI antibody positive threshold as 3 standard deviations above the mean from a prior study 

of 125 South Korean women who reported being virgins (16), a threshold we have used 

previously (5, 10).

Statistical analyses

We conducted a formal mediation analysis to decompose the overall effect of cigarette 

smoking on subsequent HPV-16 infection into two separate causal effects: 1) a “total natural 

indirect effect” representing an antibody-mediated mechanism, and 2) a “pure natural direct 

effect” representing all other potential mechanisms. We used recognized counterfactually-

defined direct and indirect effects to specify our effects of interest (17-20) and statistical 

estimation procedures based on those effects to obtain our results (21). The counterfactual 

natural direct and indirect effects are commonly written as an expected value of a difference 

between two potential outcomes: E(YX,M(X) – YX*,M(X*)); where YX,M(X) stands for what a 
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woman's subsequent HPV infection outcome (Y) would be given two conditions: 1) an 

assigned smoking status (X: 1 for exposed, 0 for unexposed); and 2) her “natural” antibody 

status under either the same, or possibly different, assigned smoking status (M(X)) (see 

appendix for more details including how the potential outcome difference corresponds to a 

logistic regression analysis). In short, the pure natural direct effect aims to estimate the 

effect of smoking vs never smoking on subsequent HPV infection if smoking could not 

impair HPV antibodies [E(Y1,M(0) – Y0,M(0))], while the total natural indirect effect aims to 

estimate the effect of smoking vs never smoking on subsequent HPV infection because 

smoking impairs HPV antibodies [E(Y1,M(1) – Y1,M(0))]. We can estimate these effects by 

specifying our causal model, fitting statistical equations to that model, then applying the 

above counterfactual formulas (see appendix) (21, 22). For the estimates to be unbiased the 

specified causal model must be accurate and include all confounders of the effects for 

smoking-antibodies, smoking-infection, and antibodies-infection. Our model is as follows: 

smoking can impair a woman's antibody response following a past HPV exposure, and 

lowered antibodies can increase a woman's risk for a subsequent HPV infection; smoking 

may also affect subsequent infection through unmeasured alternative mechanisms; sexual 

behavior can confound the estimated effects (Figure 1). The statistical model representing 

the causal graph in Figure 1 has two logistic equations – one for the HPV infection outcome 

and one for the HPV antibody mediator; the HPV infection equation includes a 

multiplicative interaction term between smoking and HPV antibodies. We chose, a priori, to 

adjust each equation for age, age at sexual initiation, and lifetime number of sexual partners. 

We further adjusted for whether a subject reported a new sexual partner during follow-up 

and whether a subject had a previous sexually transmitted infection and found that including 

those variables did not change our results thus they were left out of our final models. We 

estimate odds ratios for the direct and indirect effects, and confidence intervals with 

parametric bootstrapping of 1,000 draws (23).

Our primary results are the natural direct and indirect effects of smoking status (never 

[referent], former, current) on subsequent HPV-16 infection from the method described 

above, which we will refer to as the causal method. Because this method is relatively new, 

we also report results obtained from a method more commonly used in epidemiology, which 

we will refer to as the traditional method. We include the traditional method not to support 

the results of the causal method, but rather to demonstrate how the results and conclusions 

from the traditional method may differ from the causal method. Though it may be more 

familiar to many readers, the traditional method is limited because it has historically not 

used counterfactuals to explicitly define the direct and indirect effects of interest. Thus, 

evaluating mediation with the traditional method can fail to have a causal interpretation even 

under the no bias assumptions required of all mediation analyses. The traditional method 

assesses mediation by observing the degree of attenuation between two estimated 

associations (in our case logistic regressions): 1) smoking's overall association with HPV-16 

infection; and 2) the same association after further adjusting for the HPV-16 antibody 

mediator (24). Greater attenuation means greater explanation by the mediator, suggesting 

more of an indirect effect; while less attenuation means less explanation, suggesting more of 

a direct effect. We also report the two component associations in Figure 1 that comprise the 
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indirect effect: 1) smoking's association with antibodies; and 2) antibodies' association with 

infection stratified by smoking status.

In a priori sub-analyses, we subcategorized smoking status by intensity (< ½ pack per day, ½ 

to < 1 pack per day, ≥ 1 pack per day), by median duration (≤ 7 years, > 7 years), and by a 

woman's smoking initiation relative to her sexual initiation (smoking at the same age or 

earlier than sexual initiation, after sexual initiation); never smokers were the referent for 

each subcategory. We also stratified by race to examine the mediation among non-Hispanic 

whites and African Americans. In a sensitivity analysis, we restricted to women with five or 

more sexual partners in their lifetime (median value). By doing so, we increase the 

probability that the women were previously exposed to HPV-16, testing our initial 

assumption. We also restricted our population to older women (24+ years) and those 

reporting a new sexual partner during follow-up based on results from the smoking-antibody 

interaction. Mediation analyses were conducted in Mplus version 7.2 (22), all other analyses 

were performed in SAS version 9.3 (25). We deemed statistical significance at the P < 0.05 

two-sided level or, for bootstrapped effects, if the 95% confidence interval excluded the null 

value.

Results

Selected baseline characteristics of the study population are displayed in Table 1. 

Approximately 33% of the women were current smokers, 55% were never smokers. Current 

smokers were on average slightly younger and less educated than never smokers. Despite 

having a greater number of sexual partners and initiating sex at a younger age, fewer current 

smokers tested positive for HPV antibodies relative to never smokers (20% vs. 26%).

We estimated counterfactually-defined natural direct and indirect effects for smoking on 

HPV infection (Table 2). For current compared to never smokers, we observed a statistically 

significant antibody-mediated indirect effect on HPV-16 infection (odds ratio [OR] = 1.29; 

95% confidence interval [CI]: 1.11, 1.73); the direct effect was inverse but very imprecise 

(OR = 0.57; 95% CI: 0.26, 1.13). For former smokers, neither effects deviated from the null 

value (Table 2). In estimating these risks, there was a significant interaction between 

smoking status and antibody status (χ² = 8.38, df = 2, P value = 0.015). If we overlooked the 

interaction, the mediation analysis for current smokers would have produced an indirect 

effect OR = 1.08 (95% CI: 1.01, 1.18), and a direct effect OR = 1.03 (95% CI: 0.67, 1.47).

To demonstrate how the two mediation methods can differ, we provided the results for a 

more traditional method for examining mediation (Table 2). The overall association between 

current smoking and HPV-16 infection was an OR = 1.08 (95% CI: 0.71, 1.62). Although 

that estimate attenuated after further adjusting for the antibody mediator (OR = 1.03; 95% 

CI: 0.68, 1.55), the attenuation does not suggest a substantial indirect effect because both 

results were weak and imprecise. Additionally, we estimated the component associations in 

Figure 1 that comprise the indirect effect: smoking with HPV-16 antibodies; and antibodies 

with infection (Table 3). Current smokers were less likely to test positive for HPV antibodies 

relative to never smokers (OR = 0.52; 95% CI: 0.40, 0.68). Testing positive for HPV 
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antibodies had an inverse association with HPV infection, but this was only observed among 

smokers (Table 3), leading to significant interaction on the additive and multiplicative scales.

When we restricted the study population to women with five or more lifetime sexual 

partners, the overall association between current smoking and HPV infection increased to an 

OR = 1.45 (95% CI: 0.88, 2.40) (Table 4). Further adjusting for the antibody mediator only 

slightly attenuated the overall association (OR = 1.34; 95% CI: 0.81, 2.23). For the causal 

mediation analysis, however, we observed results similar to our non-restricted study 

population: an OR = 1.29 (95% CI: 1.10, 1.81) for the indirect effect; and an OR = 0.93 

(95% CI: 0.31, 1.97) for the direct effect (Table 4). The component associations of the 

indirect effect were similar though antibodies among never smokers were suggestive of an 

inverse association with infection (Table 3). We observed similar results when we restricted 

on age (24+ years), or reporting a new sexual partner during follow-up (Supplemental Table 

1).

As shown in Figure 2a-c, we performed the causal mediation analysis for 3 different 

subcategories of current smoking: intensity, duration, and initiation relative to sexual 

initiation. In all subcategories the estimated direct effects did not differ from the null value 

thus were not shown. For intensity, we did not observe a significant antibody-mediated effect 

for women who smoked less than half a pack of cigarettes per day compared to never 

smokers (OR = 1.09; 95% CI: 0.94, 1.44). But we did for women who smoked more: an OR 

= 1.59 (95% CI: 1.27, 2.27) for women smoking half a pack but less than a full pack; and an 

OR = 1.64 (95% CI: 1.27, 2.34) for women smoking at least a full pack per day. For 

duration, current smokers who had smoked for up to seven years prior had an OR = 1.30 

(95% CI: 1.08, 1.82), while those who had smoked for more than seven years had an OR = 

1.25 (95%: 0.99, 1.85). In the analyses relative to sexual initiation, current smokers who 

initiated smoking before sexual debut had an OR = 1.47 (95% CI: 1.18, 1.86), while those 

who initiated smoking after sexual debut had an OR = 1.14 (95% CI: 1.01, 1.52). Our results 

did not differ by race (Figure 2d).

Discussion

We present a mediation analysis suggesting that current smoking increases the risk of 

acquiring a subsequent HPV-16 infection by lowering a woman's antibody titer. Though 

some past research may suggest this as a possible mechanism (9-11), this is the first study to 

test this hypothesis and estimate an increased risk. Although smoking is an established risk 

factor for an HPV infection advancing to cervical precancer (26), its role earlier in the 

natural history is less clear (27). The results of this study implicate smoking earlier in the 

natural history of HPV – increasing the risk of a subsequent infection, presumably due to 

impaired immunity.

Animal and epidemiologic evidence support that cigarette smoke impairs cellular and 

humoral immune responses. The tar and nicotine in cigarettes have immunosuppressive 

properties that can last weeks (12). Furthermore, cigarette smoking has been implicated in 

respiratory, HPV, and human immune-deficiency virus infections (28). Regarding the 

immune system and HPV infection, impairing the cellular response may be a mechanism for 
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HPV persistence (29); and smokers may have longer persistence (30, 31). Impairing the 

humoral response and weakening immunity may be a mechanism for a heightened risk for 

subsequent infection (32) – which we observed in our study.

Past studies report an inverse association between current smoking and natural HPV 

antibody titers (9-11); and higher levels of antibodies may protect against subsequent 

infections (3-6). Combined, these results imply that smokers may have an increased risk of 

subsequent HPV infection through an immunity-based mechanism – by reducing antibodies, 

or preventing the development of antibodies that, if not impaired, may protect a woman from 

a subsequent infection. The results from our mediation analysis support this theory and 

estimate a statistically significant 29% increased odds of infection by that mechanism. 

Interestingly, that is stronger than the 8% increase we observed for the overall association 

between current smoking and HPV infection. Because of this discrepancy, our estimated 

direct effect was inverse, though very imprecise. The 8% overall association may be 

artificially low due to bias if not all subjects were previously exposed to HPV-16. When we 

tried to reduce this potential bias by restricting our study population to women reporting five 

or more sexual partners in their lifetime, the overall association grew from 8% higher odds 

to 45% but notably, the antibody-mediated indirect effect held at 29%. The resulting direct 

effect was null, thus suggesting that smoking has no direct effect. Among our mediation 

results, the antibody-mediated indirect effect was our only statistically significant finding, 

but that test may have the most power (33). Though our study is the first to attempt a 

mediation analysis to address the question of smoking's mechanism with HPV, our estimates 

are similar to the current literature, in which studies report weak to modest associations 

between smoking and HPV infection (34-39).

The antibody-mediated indirect effect for current smokers appears to be dose-dependent by 

the number of cigarettes smoked per day. We observed a 61% increased odds of infection for 

women who smoked at least half a pack of cigarettes compared to a 9% increase for those 

women who smoked less. This difference is in contrast to what we observed with smoking 

duration which showed no difference in the estimates between women who have smoked for 

7 or fewer years or women who have smoked for more than 7 years. Given that we observed 

null results for former smokers, this suggests it is the current smoking behavior that 

increases a woman's risk, and not the cumulative effect of her past behavior. If true, reducing 

subsequent HPV risk is an added benefit to smoking cessation.

Our analysis focused on the biologic mechanisms related to subsequent HPV infection. 

Therefore, a previously exposed population is needed. Women were enrolled into the ALTS 

trial with an abnormal cytology result, enriching the population with subjects previously 

exposed to HPV. We assumed everyone had a past exposure to HPV-16, but we cannot be 

certain because other HPV types can also cause abnormal cytology. Testing positive for 

HPV-16 antibodies signifies past exposure, but to study HPV antibodies as a mechanism we 

cannot restrict on this factor. Restricting on greater sexual behavior will presumably increase 

the probability that subjects were previously exposed to HPV-16. When we restricted on five 

or more lifetime sexual partners the overall association between smoking and HPV infection 

got stronger, suggesting some possible bias in the overall association of 8% increased odds. 

We further investigated the issues of past infection and future risk by restricting on older 
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age, and women reporting a new sexual partner during follow-up; we found similar results. 

Most importantly, the antibody-mediated results did not dramatically change in any of the 

populations, leaving us with the same conclusion – current smoking increases the risk of 

subsequent HPV infection by impairing immunity.

The results between the two mediation methods differed. The causal mediation analysis 

estimated a statistically significant antibody-mediated indirect effect with no convincing 

evidence of a direct effect. In contrast, the traditional analysis estimated imprecise overall 

associations that slightly attenuated when further adjusted for the mediator – suggesting 

more of a direct effect and less of an indirect effect. Though non-collapsibility of the odds 

ratio makes comparing the two methods more difficult (40), the difference between the two 

methods cannot be ignored. The discrepancy is due to the logistic equations for HPV 

antibodies and HPV infection, plus the exposure-mediator interaction we observed with 

smoking and HPV antibodies. Though we cannot be certain the statistical interaction 

represents a causal relationship, it could be the consequence of a more complex smoking, 

sexual behavior, immunologic causal pathway that we were unable to model. In the presence 

of interactions and nonlinear equations the results of the traditional method do not 

correspond to the mediating counterfactuals previously defined (19-21). Though the goal in 

employing the traditional method is to assess mediation, the method is limited by not 

guiding the appropriate estimation procedures with explicit mediation causal effects of 

interest – the causal method is not limited in this way. All mediation analyses, however, rely 

on the no confounding assumptions for unbiased estimation.

Some limitations of the current study should be noted. Importantly, the mediation analysis 

requires us to assume a causal model to estimate effects based off of that model. If our 

model is flawed – by perhaps omitting a confounder of the exposure-mediator effect or 

mediator-outcome effect – then our results will be biased. Using biological knowledge and 

past research, we built our model to the best of our ability. Though we acknowledge the 

possibility of unmeasured and residual confounding by sexual behavior, it would have to be 

independent of the sexual behavior variables that were available to us including reporting a 

new sexual partner during follow-up. We also recognize that some of the data may not fit our 

causal assumptions. For instance, HPV antibodies and smoking status we both measured at 

baseline, yet our model assumes a causal relationship. Past smoking status, however, may be 

causally relevant to HPV antibodies, and current smoking status is likely a good proxy (41). 

If we assume that past smoking behavior causes HPV infection, conditioning on infection 

status at baseline to obtain our at risk population opens the possibility of selection bias 

through an unmeasured risk factor for HPV infection (42, 43). This bias, however, is 

expected to be weak unless the unmeasured risk factor is particularly strong, and our model 

included all relevant risk factors available to us. Another potential source of bias is 

measurement error in the mediator, HPV antibodies. The GST-ELISA does not exclusively 

measure neutralizing antibodies – the antibodies that prevent internalization of the virus – 

thus we cannot rule out that our mediator may also be representing a mix of immune system 

mechanisms. The subsequent HPV infection outcome may, in some women, represent 

reactivation of a latent HPV infection. In either case, our findings of an impaired immune 

system mechanism would still be relevant. We were unable to extend this analysis to a 

neoplasia outcome because of the short follow-up time. Other datasets may be able to 
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investigate the mechanisms of cervical neoplasia. Finally, our study population was collected 

before the implementation of the HPV vaccine thus our analysis focused on antibodies from 

natural infections. It does not address any role smoking may have in vaccine-initiated 

antibody titers, which are significantly greater than those induced by natural immunity.

By studying the underlying mechanism between smoking and subsequent HPV infection, we 

provide greater insight into the role of smoking in the natural history of HPV. We observed 

that current smoking increases the risk of re-acquiring HPV-16 by lowering a woman's 

antibody titer. This analysis implicates smoking earlier in the natural history of HPV and 

suggests an immune-related mechanism. To estimate the causal mechanism effects between 

smoking and HPV infection we used causal mediation analysis, and future studies can use 

this technique to investigate how smoking increases the risk for neoplasia, or how other 

cofactors are involved in the natural history of HPV.
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Figure 1. 
Our proposed causal model between smoking, HPV antibodies, confounding factors, and 

subsequent HPV infection. We propose that smoking impairs the HPV-16 antibody response 

that in turn increases the risk of subsequent infection by that type (natural indirect effect). 

We also propose that smoking may have alternative mechanisms, represented here by the 

natural direct effect. Not depicted is the modeled interaction between smoking and HPV 

antibodies which could be a consequence of a more complex causal pathway involving 

smoking, sexual behavior, and immunity.
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Figure 2. 
Odds ratios and confidence interval bars of indirect effects of current smoking on subsequent 

HPV-16 infection. a) by smoking intensity (packs per day); b) by smoking duration; c) by 

smoking initiation relative to sexual initiation; d) indirect effects among the non-hispanic 

white and African American populations with never smokers in each race category as the 

referent group. The * by the category name indicates statistical significance at P<0.05 two-

sided level.
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Table 2
Mediation analysis results of HPV-16 infection for current and former smokers compared 
to never smokers

Current Smokera Former Smokera

OR 95% CI OR 95% CI

Overall associationb 1.08 (0.71, 1.62) 1.02 (0.54, 1.91)

Mediator adjusted associationb,c 1.03 (0.68, 1.55) 1.01 (0.54, 1.89)

Causal mediation analysis

 Total natural indirect effect 1.29 (1.11, 1.73) 1.10 (0.98, 1.53)

 Pure natural direct effect 0.57 (0.26, 1.13) 0.61 (0.20, 1.30)

Causal mediation analysis without smoking-antibody interaction term

 Total natural indirect effect 1.08 (1.01, 1.18) 1.03 (1.00, 1.13)

 Pure natural direct effect 1.03 (0.67, 1.47) 1.00 (0.48, 1.66)

all models adjusted for model covariates: age, age at sexual debut, and lifetime number of sexual partners

a
never smokers are the referent category

b
the traditional method assesses the degree of attenuation between the overall association and the mediator adjusted association; higher attenuation 

suggests more of an indirect effect, less attenuation suggests more of a direct effect

c
additionally adjusted for the mediator, HPV-16 antibody status
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Table 4

Odds ratios of current smoking relative to never on HPV-16 infection among women who have had five or 

more lifetime sexual partners.

OR 95% CI

Overall associationa 1.45 (0.88, 2.40)

Mediator-adjusted associationb 1.34 (0.81, 2.23)

Causal mediation analysisa

 Total natural indirect effect 1.29 (1.10, 1.81)

 Pure natural direct effect 0.93 (0.31, 1.97)

all models adjusted for model covariates: age, age at sexual debut, lifetime number of sexual partners

a
the traditional method assesses the degree of attenuation between the overall association and the mediator adjusted association; higher attenuation 

suggests more of an indirect effect, less attenuation suggests more of a direct effect

b
additionally adjusted for HPV-16 antibody status
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