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Abstract

OBJECTIVES: We investigated whether the effect of smoking on the incidence of smoking-

related cancers differs by HIV-infection status, if sex modifies the impact of risk factors for 

smoking-related cancers, and the sex-specific attributable risk of smoking on cancer incidence.

DESIGN: Data from two large prospective studies in the United States were analyzed: 6,789 men 

in the Multicenter AIDS Cohort Study from 1984–2018 and 4,423 women in the Women’s 

Interagency HIV Study from 1994–2018.

METHODS: Incidence rates (IRs), relative risks, and adjusted population attributable fractions 

(PAFs) were calculated for smoking-related cancers.

RESULTS: During study follow-up, there were 214 incident smoking-related cancers in the men 

and 192 in the women. The age-adjusted IRs for smoking-related cancers were higher in the 

women (392/100,000) than for the men (198/100,000; p<0.01) and higher for people living with 

HIV (PLWH, 348/100,000) than for those without HIV (162/100,000; p<0.01). Unadjusted IRs in 
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PLWH were higher than in those without HIV when stratifying by cumulative pack-years of 

smoking (all p-values<0.01). In adjusted interaction models, the effects of cumulative pack-years 

of smoking were significantly stronger in women. The adjusted PAFs for smoking-related cancers 

were non-significantly higher in the women than in the men (39% vs. 28%; p=0.35).

CONCLUSIONS: HIV looks to be an independent risk factor for smoking-related cancers and 

women appear to have a greater risk than men. These results highlight the need for interventions to 

help PLWH, especially women, quit smoking and sustain cessation to reduce their risk of 

smoking-related cancers.
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INTRODUCTION

As people living with HIV (PLWH) are aging, largely due to effective ART, cancer - 

particularly non-AIDS defining cancer - has become a more common cause of morbidity and 

mortality.[1] The high prevalence of cancer risk factors among PLWH, especially tobacco 

use, contributes to the increased risk of cancer. In the United States (U.S.), the estimated 

percentage of adult PLWH who smoke was twice that of the U.S. general population and the 

smoking prevalence varied by HIV risk behavior groups.[2–4] A better understanding of the 

contribution of smoking to the development of cancer in PLWH can help promote smoking 

cessation among smokers living with HIV.

In 2010, approximately 29% of all cancer deaths in the U.S. were attributable to cigarette 

smoking.[5] The contribution of smoking to the cancer burden among PLWH is less well-

defined. In a study of PLWH in Denmark, the estimated percentage of smoking-related 

cancer diagnoses attributable to smoking was 91%.[6]

A limitation of prior studies investigating cancer risk in PLWH has been the lack of an 

appropriate comparison group, which has traditionally been the general population. People 

LWH are very different from the general population and thus comparisons are confounded 

by other cancer risk factors like cigarette smoking, Human Papilloma Virus (HPV) and 

Hepatitis C Virus (HCV) infection, and substance use. For example, women in the Women’s 

Interagency HIV Study (WIHS) had a high prevalence of smoking (more than twice the 

national average) independent of HIV status.[7] Similarly, the prevalence of smoking in the 

men with and without HIV in the Multicenter AIDS Cohort Study (MACS) is almost twice 

as high as the national average.[8]

The present study has the unique advantage of a highly similar HIV-uninfected comparison 

group, as well as the ability to precisely adjust for potential confounders and examine sex-

related differences. This investigation had three aims. First, to determine whether the effect 

of smoking on the incidence of smoking-related cancers differs by HIV-infection status 

among participants in the MACS and WIHS. We hypothesized that for a given smoking 

history, the incidence of smoking-related cancers would be higher among PLWH vs. those 

without HIV.[6] Second, to determine whether sex modifies the impact of cancer risk factors 
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among WIHS and MACS participants. We hypothesized that the adjusted risk of smoking-

related cancers would be higher among women (both with and without HIV) than among 

men.[9] Third, to estimate the sex-specific attributable risk of smoking on smoking-related 

cancers among women in the WIHS and men in the MACS. We hypothesized that 

approximately 50% of smoking-related cancers would be prevented if PLWH refrained from 

smoking.[10]

METHODS

Study population

Data collected through September 30, 2019, from participants in two U.S. HIV/AIDS cohort 

studies, the WIHS and the MACS, were used for this investigation. The WIHS is a multi-site 

prospective cohort study of 4,982 women with or at risk for HIV established in 1994. 

Women were enrolled at one of eleven centers across the U.S. and returned at 6-month 

intervals for a standardized interview-based questionnaire, physical examination including 

pelvic exam, Pap test with referral for colposcopy for any abnormality, and collection of 

blood for laboratory testing and storage. Detailed information about the WIHS study 

methodology and baseline characteristics of enrollees has been published.[11, 12]

The MACS is a multi-site prospective cohort study of 7,358 men who reported having had 

sex with men. Men were enrolled, starting in 1984, at four metropolitan areas in the U.S. 

Details about the recruitment and characteristics of the MACS cohort have been reported 

elsewhere.[13] Participants returned at 6-month intervals for a detailed interview, physical 

examination, and collection of blood for laboratory testing and storage.

Participants who had at least one follow-up visit, reported their history of tobacco use, and 

entered the study without a prior or prevalent (diagnosed within six months of study 

enrollment) smoking-related cancer were included in these analyses (6,789 men and 4,423 

women). All analyses were performed using data collected through September 30, 2019, but 

follow-up was censored on December 31, 2018 to allow for cancer reporting delays (federal 

and state law requires all new cancer diagnoses to be reported to the cancer registries within 

180 days [14]). The institutional review boards of each institution approved these studies; all 

participants provided written informed consent.

Cancer diagnosis

Cancer diagnoses were ascertained using medical records, cancer registry matches, and 

death certificates. Each confirmed cancer was classified according to the SEER site recoding 

scheme, which is based on the International Classification of Diseases for Oncology 3rd 

edition, [15] and all cancers with an initial diagnosis date that was at least six months after 

enrollment into the cohort study (to account for a lag time in diagnosis) were further 

classified as ‘incident’ cancers. We then identified smoking-related incident cancers: lung/

bronchus, larynx, liver, colon, rectum, small intestine, kidneys, oral cavity, nose and middle 

ear, acute myeloid leukemia, cervix, vagina, vulva, penis, anus, pancreas, esophagus, 

bladder, and stomach.[16–18] We created a single combined endpoint where the first 
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occurrence of any of these cancers was treated as an event. Those who developed a non-

smoking-related cancer continued in follow-up.

Risk factors for cancer

The independent variables included several known cancer risks, such as tobacco use, alcohol 

consumption, illicit substance use, body mass index (BMI), and coinfection with HPV and 

HCV. Other variables included sociodemographic characteristics, behavioral factors, 

characteristics of HIV infection, geographic region, and calendar period. For further details 

regarding independent variables, see Appendix.

Statistical Analysis—Study participants were characterized at baseline using standard 

descriptive statistics. Smoking-related cancer incidence rates (IRs) were computed as the 

number of observed incident cancers divided by person-years of follow-up, where follow-up 

time was measured from six months after the baseline visit until the earliest of the first 

smoking-related cancer diagnosis, death, or date of the last study visit. Incidence rates of 

smoking-related cancers were adjusted for age and compared by cumulative pack-years 

smoked lagged by 10 years (since smoking-related cancers take at least 10 years to manifest)
[19], years since smoking cessation, HIV status, and sex (MACS vs. WIHS). HIV serostatus 

was considered as a time-varying variable to allow for the possibility of HIV seroconversion 

during follow-up (see Appendix).

Smoking-related cancer IR comparisons were quantified using the incidence rate ratio (IRR) 

and performed using exact Poisson regression wherever possible. For the IRR analyses, the 

dependent (outcome) variable for this investigation was smoking-related cancer, yes or no. 

The effects of HIV-related variables were examined in two ways. First, unadjusted models 

were stratified by HIV serostatus. Second, pooled univariate models included indicator 

variables for HIV infection with and without the exposure of interest, compared to the HIV-

uninfected reference group. All variables collected at each study visit (see Appendix) were 

evaluated using time-varying covariates. Interaction terms were added to the final multiple 

regression models to determine whether a covariate effect differed significantly by sex.

To explore the possibility that higher AIDS-related morbidity and mortality during the pre- 

and early ART era lowered the smoking-related cancer incidence rates and altered the effects 

of certain risk factors on cancer incidence, we repeated the multivariable analyses using only 

follow-up time accrued between 2001 and 2018 (the modern ART treatment era). Since 

several of the smoking-related cancers may also have viral etiologies, we repeated the age-

adjusted IR and adjusted IRR analyses and excluded anal, cervix, gum and mouth, larynx, 

liver, penis, pharyngeal, salivary gland, stomach, tongue, tonsil, and vagina/vulva cancers 

from the definition of smoking-related cancers to see how this impacted the association 

between smoking history and the development of smoking-related malignancies. Last, since 

anal cancers were three times more common in men than women, we repeated the adjusted 

population attributable fraction (PAF) analyses excluding anal cancers from the definition of 

smoking-related cancers to assess sex differences for the remaining smoking-related 

malignancies.

HESSOL et al. Page 4

AIDS. Author manuscript; available in PMC 2022 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Pooled as well as stratified (MACS and WIHS) relative risks and adjusted PAFs were 

calculated for 1) all incident smoking-related cancers; 2) cancers strongly associated with 

smoking (lung/bronchus and larynx; average PAF range in men and women combined 

78-97%); 3) cancers moderately associated with smoking (esophagus, gum and mouth, lip, 

nose and middle ear, pharyngeal, and lower urinary tract; PAF range 31-60%); and 4) 

cancers weakly associated with smoking (acute myeloid leukemia, anal, cervix, colon/

rectum, liver, pancreas, penis, salivary gland, small intestine, stomach, tongue, tonsil, and 

vagina/vulva; PAF range 8-25%).[20] For additional details regarding the PAF models and 

SAS macro [21], see Appendix. All analyses were performed using SAS 9.4.[22]

RESULTS

Of the potentially eligible participants enrolled in the MACS (7,358) and the WIHS (4,982), 

569 men and 559 women were excluded due to either no accrual of follow-up time (473 men 

and 376 women), lack of information about pack-years of smoking (89 men and 148 

women) or because they had a smoking-related cancer prior to or within six months of their 

baseline visit (7 men and 35 women).

The remaining 4,423 WIHS and 6,789 MACS participants exhibited many significant 

differences at baseline (Table 1). Most notably, men were enrolled in earlier years and at 

younger ages; were more likely to be non-Latinx white and HIV-uninfected; had more 

education, higher household incomes, lower BMIs, and more lifetime sex partners; and 

consumed more alcohol (all p<0.01). Women were more likely to smoke and had a higher 

prevalence of HCV, HIV, lower CD4 cell counts, higher HIV viral loads, and a greater 

prevalence of clinical AIDS (all p-values<0.01).

Smoking-related cancer incidence

We observed 214 smoking-related incident cancers among the MACS participants and 192 

among the WIHS (see Table, Supplemental Digital Content 1). The majority of smoking-

related cancers were lung/bronchus and were diagnosed in the modern ART era. Seven men 

and eight women had more than one primary smoking-related malignancy.

The age-adjusted IR for smoking-related cancers was higher among PLWH than participants 

without HIV (p<0.01) and higher among women than men (p<0.01; Table 2). Among those 

who smoked, incidence ratios among PLWH were higher than among those without HIV 

when stratifying by cumulative pack-years of smoking (all p-values<0.01). When the 

smoking-related cancer IRs among all women were compared to all men, the IRR was 2.0 

(95% CI: 1.6-2.4). For women with HIV vs. men with HIV the IRR was 1.6 (95% CI: 

1.2-2.0) and for women without HIV vs. men without HIV the IRR was 2.0 (95% CI: 

1.3-3.0). Ten or more years since cessation of smoking resulted in a reduced IR of smoking-

related cancers (p<0.01).

In unadjusted analysis and for participants without HIV, IRRs for smoking-related cancers 

were higher for older ages, non-Latinx blacks compared to non-Latinx whites, increasing 

cumulative pack-years of smoking compared to never smokers, those with a history of 

injecting drugs, and those with HCV at baseline (Table 3). People without HIV with more 
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years of education also had lower unadjusted IRRs for smoking-related cancers. Similar 

results were seen for PLWH, with higher unadjusted IRRs for smoking-related cancers 

associated with older age, non-Latinx blacks, higher cumulative pack-years of smoking, 

history of injecting drugs, and HCV infection at baseline. Lower IRRs were associated with 

more years of education, as well as greater household income. In PLWH, higher IRRs were 

associated with having a prior AIDS diagnosis and exposure to ART, and lower IRRs 

associated with having CD4 cell counts ≥200.

In adjusted analyses combining participants with and without HIV, the variables that 

remained significantly associated with an increased IRR for smoking-related cancer were 

ages 40 and above, 11 or more cumulative pack-years of smoking, and having HIV with or 

without a prior AIDS diagnosis (Table 4, column 2). Factors associated with a decreased 

IRR for smoking-related cancers were annual household income ≥$30,000 and for PLWH, 

having CD4 cell counts >200. Significant cohort interactions (Table 4, column 3) were 

observed for age 40-49 years (effect stronger in the WIHS), other race (effect stronger in the 

MACS), smoking 1-20 cumulative pack-years (effect stronger in the WIHS), and among 

PLWH for CD4 cell counts of 200-500 cells (effect stronger in the MACS). In analyses that 

were restricted to only those alive in the modern ART era (year ≥2001), exposures 

significantly associated with an increased or decreased risk of smoking-related cancers 

(Table 4, columns 4 and 5) were highly similar to those for all years (Table 4, columns 2 and 

3). Additionally, PLWH in the modern ART era who had a detectable HIV viral load had a 

lower risk for these cancers (Table 4, column 4).

Excluding virus-associated cancers from the definition of smoking-related cancers did not 

affect the association between smoking and smoking-related cancer risk, but did affect the 

observed differences between PLWH and people without HIV (data not shown). This 

suggests that PLWH are more likely to develop virus-associated cancers than people without 

HIV, and that those cancers may have contributed to the higher incidence of smoking-related 

cancers in PLWH. Excluding just anal cancer from the definition of smoking-related cancers 

strengthened the association between smoking and smoking-related cancer incidence among 

both the men and the women equally (data not shown).

Based on adjusted PAF models with cumulative pack-years groups of 0-5 pack-years 

(reference), 6-20 pack-years, and >20 pack-years, an estimated 34% (95% CI: 21–46%) of 

all smoking-related cancers were attributable to smoking cigarettes among all participants, 

31% (95% CI: 15–45%) among PLWH, and 41% (95% CI: 13–60%) among participants 

without HIV (Figure 1). The adjusted PAFs were non-significantly higher in the women than 

in men: 39% vs. 28% for all participants (p=0.35), 34% vs. 25% among PLWH (p=0.58), 

and 67% vs. 27% among those without HIV (p=0.11). When virus-associated cancers were 

removed from these analyses, the point estimates were higher in all groups but still well 

within the 95% CI of the full sample results (data not shown).

When cancer types were stratified by the strength of their association with smoking, the 

adjusted PAF estimates were 85% (95% CI: 60–94%), 19% (95% CI: −24–47%), and 14% 

(95% CI: −6–30%) for cancers strongly, moderately, and weakly associated with smoking, 

respectively (Figure 1). In these stratified analyses, the adjusted PAFs were not significantly 
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different for women compared to men. The removal of virus-associated malignancies 

increased the point estimate for cancers strongly associated with smoking while the point 

estimates for cancers moderately and weakly associated with smoking fluctuated but all 

were still within the 95% CI of the total sample (data not shown).

DISCUSSION

With over 139,500 person-years of follow-up, this is one of the largest cohort studies to 

examine the contribution of smoking on the cancer burden among PLWH relative to highly 

similar people without HIV. Among those with a history of smoking, the observed incidence 

of smoking-related cancers was significantly higher among PLWH than participants without 

HIV, as hypothesized in our aim 1. This reaffirms that HIV infection is associated with a 

higher risk of smoking-related cancers beyond what would be expected from cigarette 

smoking alone, a finding reported in previous studies.[6, 23–25] However, these prior studies 

did not have a highly similar comparison group of participants without HIV or detailed 

smoking and other behavioral histories, as in the present study.

In both minimally and fully adjusted analyses, we observed that women have a higher risk of 

smoking-related cancers than men. The reasons for this are unclear and the exact mechanism 

may be confounded by unmeasured factors that might differentially and adversely affect 

women - such as the environment (air pollution and second-hand smoke), genetics, 

physiology, and hormones. The majority of the women in this study were African American 

and had fewer pack-years of smoking than the men. Studies indicate that African American 

smokers have a higher risk for lung cancer compared to whites, [26] and this racial difference 

is most pronounced at lower levels of daily cigarette consumption.[27] In addition, women 

appear to have a higher incidence of lung cancer than men. [28–30] This may be due to an 

increased susceptibility to tobacco carcinogens among women, smaller lung size in women, 

or the effect of hormones in carcinogenesis, such as the role of estrogens as promoters of 

lung cancer.[29, 31, 32]

In our PAF models that pooled men and women, an estimated 31% (95% CI: 15–45%) of all 

smoking-related cancers were attributed to smoking more than 5 pack-years in a lifetime 

among PLWH. This is within the range reported by other studies of PLWH[10, 33, 34], 

although we found higher estimates for women than for men. Our investigation has the 

added advantage of a more precise adjustment for smoking, as well as adjustment for other 

important confounders such as CD4 cell count, HIV viral load detectability, and exposure to 

ART. Varying degrees of association between smoking and smoking-related cancers likely 

influenced our PAF estimates. When smoking-related cancers were stratified by strength of 

association, the estimated PAF for cancers strongly associated with smoking (lung, 

bronchus, and larynx) was 74% among men and 87% among women. When we removed 

laryngeal cancers from this group (a virus-associated cancer[35]), the PAF was 86% for men 

and 93% for women suggesting that inclusion of virus-related cancers may dilute the effect 

of smoking on these cancers. Our estimates for lung and bronchial cancers are higher than 

estimates reported in other studies of the general population (men 75–84% and women 70–

79%).[16] Our estimates were similar to another study of PLWH (82–98% for lung cancer) 
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[10] which supports the interpretation that HIV is a risk factor for cancers that are strongly 

associated with smoking.

There is a substantial burden of smoking-related cancers among PLWH and unless the high 

prevalence of cigarette smoking is reduced, this will likely increase over time due to 

increasing longevity among PLWH on ART. One study reported that among PLWH who 

adhere to ART, smoking is projected to be a much greater health threat than HIV.[36] 

Another study assessed the impact of smoking cessation on cancer risk among PLWH and 

observed that the lung cancer IR was reduced by more than half but was still elevated five 

years after cessation (from an adjusted IRR of 19.08 to 8.69), while the incidence of other 

smoking-related cancers was found to decline to that of non-smokers after 1–2 years of 

cessation (from an adjusted IRR of 2.06 to 1.32).[37]

In addition to smoking-related cancers, preventing the initiation of smoking and smoking 

cessation lessens the burden for all smoking-related diseases. For PLWH this is especially 

important given the elevated risk for several other diseases that can be exacerbated by 

smoking, including CVD, pulmonary infections, COPD, and pneumonia.[33, 38–40]

This investigation was not without limitations. First, certain smoking-related cancers, such 

as gum and mouth, had very few events – perhaps due to competing causes of death among 

PLWH. Our risk estimates for smoking-related cancers may therefore be biased towards the 

null. Despite this limitation, we were able to demonstrate significantly elevated risk of these 

cancers among PLWH compared to highly similar people without HIV. Second, these two 

cohorts of men and women differed in other ways besides sex and we were unable to adjust 

for unmeasured risk factors such as the living environment (second hand smoke, air 

pollution, etc.), which may have contributed to their cancer burden. Nevertheless, we were 

able to adjust our analyses for many other potential risk factors – far more than most other 

studies that have investigated the cancer burden in PLWH. Last, as per WIHS protocol the 

women received screening for cervical, vaginal, and vulvar cancers. Screening may have led 

to treatment of pre-cancers and reduced the cancer burden for these malignancies. Earlier 

cancer detection from screening may have also resulted in those cancers occurring at lower 

cumulative pack-years of smoking and therefore attenuated the effect estimates between 

smoking and smoking-related cancer incidence.

The strengths of this longitudinal study include a large and diverse sample with many 

person-years of follow-up, a highly similar comparison group of people without HIV 

infection, detailed baseline and follow-up social and clinical histories, and a study period 

that spans the pre-ART, early ART, and current ART era. Notably, the adjusted IRR point 

estimates for smoking-related cancer risk factors among participants in the modern ART era 

were virtually identical to the estimates among participants across all years, indicating that 

these have not dramatically changed since the introduction of potent therapy. Because of 

these strengths, we were able to do what few, if any, have been able to do before us: compare 

men to women and those with and without HIV, as well as to fully adjust our models for a 

multitude of potential cancer-causing risk factors.
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Our results, along with those from prior well-designed observational studies, provide strong 

evidence of the excess risk of smoking-related cancers among PLWH who smoke compared 

to smokers without HIV. What is novel in our study are the sex differences, with women 

LWH having a greater risk of smoking-related cancers than men LWH. These data lend 

strong support for integrating smoking cessation interventions into ongoing HIV programs 

and educating PLWH, especially women, about the harm of smoking and the benefits of 

quitting to reduce their risk of smoking-related cancers. There is indisputable evidence of the 

harm caused by smoking in PLWH and an equally clear opportunity for health care 

providers to intervene as part of comprehensive care of PLWH.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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APPENDIX

Pack-years of smoking were calculated by multiplying the number of packs of cigarettes 

smoked per day by the number of years the person has smoked. Cumulative pack-years of 

smoking was constructed by summing collected smoking pack-year data. In cases of missing 

pack-year data, values of cumulative pack-years were interpolated using per-person observed 

smoking trends. Cumulative pack-years of smoking was then lagged by 10 years for use in 

analyses. Data values for lagged cumulative pack-years that were within the 10 year lag 

window were interpolated using per-person historical smoking data collected by the studies, 
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such as age started smoking, age quit smoking, and average number of cigarette packs 

smoked per day. Smoking status at a study visit was coded as never, former, and current. 

Years since smoking cessation was calculated only for former smokers, and the year count 

reset if an individual quit smoking for a period but then restarted.

Age was categorized as <40 years, 40–49 years, 50–59 years, and ≥60 years. Alcohol 

consumption since last study visit was categorized as abstainer, zero to seven drinks/week, 

seven to 12 drinks/week, and greater than 12 drinks/week. Illicit substance use since last 

study visit was subdivided into smoking, injecting, or taking an illicit drug not through 

smoking/injection. BMI was measured per visit. Coinfection with HPV at a study visit was 

divided into any HPV and oncogenic HPV. WIHS participants were tested far more 

frequently for HPV than MACS participants.

Race/ethnicity was recorded at study enrollment, and categorized as non-Latinx white, non-

Latinx black, and other. Educational attainment was also recorded at enrollment, and coded 

into high school or less, some college, college graduate, and at least some postgraduate 

education. Household income was measured at each study visit, and categorized as less than 

$29,999 and $30,000 and above. Missing values of household income were interpolated with 

data collected within six months of the missing value.

Geographic region was categorized as west coast, east coast, and Midwest and based on the 

location of study recruitment. Calendar period was categorized as before 1996 and with 

three year intervals from then on. History of injection drug use was coded as positive if an 

individual reported to ever having used injection drugs. Lifetime number of sexual partners 

was treated as time-varying, and updated with each round of newly collected data at a study 

visit.

HIV serostatus was assessed at each study visit. CD4 cell count and HIV RNA level were 

measured at each study visit. CD4 cell count was explored as cell count at a visit, pre-ART 

nadir CD4 cell count, and post-ART nadir CD4 cell count. HIV RNA level was examined 

with a variable indicating if the HIV viral load was detectable (defined as > 500 copies/ml, 

as this was the common cutoff among all HIV viral load assays used throughout study 

follow-up), if the viral load was below or above 4,000 copies/ml, and the peak HIV viral 

load. ART use was collected at each study visit, and analyzed as a variable indicating 

exposure to ART. Similarly, a prior history of clinical AIDS (using the CDC case definition,
[41] and excluding those individuals whose AIDS diagnosis was based solely on CD4 cell 

count) was collected at each study visit, and analyzed as a time-varying covariate.

An individual contributed person-time to the HIV serostatus group they belonged to at a 

given study visit. In the event of a seroconversion during follow-up (443 men and 17 

women), the date of seroconversion was defined as the midpoint between the last HIV 

seronegative test and the first HIV seropositive test. Person-time occurring before the date of 

seroconversion was added to the HIV seronegative group and person-time occurring after the 

date of seroconversion was applied to the HIV seropositive group.

PAFs were calculated relative to a model with all cumulative pack-year values (lagged by 10 

years) set to 0–5 pack-years, and were adjusted for age, race/ethnicity, annual household 
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income, alcohol use, history of injection drug use, baseline hepatitis C infection status, HIV 

status, and study cohort. The HIV seropositive-specific model did not adjust for history of 

clinical AIDS, and instead adjusted for CD4 cell count, detectable HIV viral load, and 

exposure to ART. To assess the contribution of smoking-related cancers that also had viral 

etiologies, we repeated the PAF analyses and removed this subset of malignancies. The PAFs 

were calculated using a SAS macro provided by Laaksonen and colleagues.[21]
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Figure 1. Adjusted population attributable fractions of smoking on smoking-related cancer 
incidence in the MACS and WIHS
PAFs were calculated among all participants for all smoking-related cancers (“All 

participants”), among HIV seropositive participants for all smoking-related cancers (“HIV+ 

participants”), among HIV seronegative participants for all smoking-related cancers (“HIV- 

participants”), and among all participants for smoking-related cancers strongly, moderately, 

or weakly associated with smoking (“Strongly associated”, “Moderately associated”, and 

“Weakly associated”, respectively). Bars indicate 95% CIs.
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MACS = Multicenter AIDS Cohort Study; WIHS = Women’s Interagency HIV Study CI = 

confidence interval; PAF = population attributable fraction
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Table 1.

Baseline characteristics of participants in the MACS and WIHS.

MACS WIHS P-value

N (Percent)

Geographic region of recruitment site < 0.01

 West coast 1964 (28.93) 1266 (28.62)

 East coast 3264 (48.08) 2641 (59.71)

 Midwest 1561 (22.99) 516 (11.67)

Enrollment cohort < 0.01

 1984 - 1987 5302 (78.10) 0 (0.00)

 1994 - 1995 0 (0.00) 2301 (52.02)

 2001 - 2002 1149 (16.92) 957 (21.64)

 2010+ 338 (4.98) 1165 (26.34)

Race/ethnicity < 0.01

 Non-Latinx white 4929 (72.62) 591 (13.36)

 Non-Latinx black 1129 (16.63) 2763 (62.47)

 Other 729 (10.74) 1069 (24.17)

Baseline educational attainment < 0.01

 High school or less 1234 (18.30) 2924 (66.23)

 Some college 1991 (29.52) 1159 (26.25)

 College graduate 1505 (22.31) 233 (5.28)

 At least some postgraduate education 2015 (29.87) 99 (2.24)

Annual household income < 0.01

 < $29,999 1072 (71.99) 3711 (86.50)

 ≥ $30,000 417 (28.01) 579 (13.50)

Smoking status < 0.01

 Never 2690 (39.62) 1532 (34.64)

 Former 1335 (19.66) 559 (12.64)

 Current 2764 (40.71) 2332 (52.72)

Alcohol use < 0.01

 Abstainer 574 (8.61) 1957 (44.88)

 > 0 to 7 drinks/week 3767 (56.49) 1788 (41.00)

 > 7 to 12 drinks/week 715 (10.72) 183 (4.20)

 > 12 drinks/week 1612 (24.18) 433 (9.93)

Smoked an illicit drug < 0.01

 No 2617 (38.55) 2951 (66.72)

 Yes 4172 (61.45) 1472 (33.28)

Injected an illicit drug < 0.01

 No 6255 (92.13) 4145 (93.71)

 Yes 534 (7.87) 278 (6.29)
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MACS WIHS P-value

N (Percent)

Took an illicit drug other than through smoking/injection < 0.01

 No 3119 (45.94) 4306 (97.35)

 Yes 3670 (54.06) 117 (2.65)

Any HPV*

 No 1534 (50.43)

 Yes 1508 (49.57)

Oncogenic HPV*

 No 2294 (75.41)

 Yes 748 (24.59)

Hepatitis C virus < 0.01

 No 6375 (94.65) 3414 (80.96)

 Yes 360 (5.35) 803 (19.04)

HIV infection < 0.01

 No 3805 (56.05) 1150 (26.00)

 Yes 2984 (43.95) 3273 (74.00)

CD4 cell count/μl (PLWH only) < 0.01

 < 200 185 (6.34) 595 (18.61)

 200 - 500 1073 (36.78) 1368 (42.78)

 > 500 1659 (56.87) 1235 (38.62)

HIV viral load detectable (PLWH only) < 0.01

 No 481 (45.16) 1063 (33.42)

 Yes 584 (54.84) 2118 (66.58)

HIV viral load ≥ 4,000 copies/ml (PLWH only) < 0.01

 No 592 (55.59) 1526 (47.91)

 Yes 473 (44.41) 1659 (52.09)

Exposure to ART (PLWH only) < 0.01

 No 2473 (82.88) 2327 (71.10)

 Yes 511 (17.12) 946 (28.90)

History of clinical AIDS (PLWH only) < 0.01

 No 2969 (99.50) 2636 (80.54)

 Yes 15 (0.50) 637 (19.46)

Pre-ART nadir CD4 cell/μl count (PLWH only) < 0.01

 < 200 1497 (50.37) 1004 (43.22)

 ≥ 200 1475 (49.63) 1319 (56.78)

Post-ART nadir CD4 cell/μl count (PLWH only) < 0.01

 < 200 389 (28.21) 1098 (40.13)

 ≥ 200 990 (71.79) 1638 (59.87)

Peak HIV viral load (PLWH only) < 0.01
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MACS WIHS P-value

N (Percent)

 ≤ 10,000 copies/ml 563 (20.01) 1041 (31.81)

 > 10,000 copies/ml 2251 (79.99) 2232 (68.19)

Median (IQR)

Cumulative pack-years smoked (never smokers excluded) 14.70 (4.58-28.84) 7.75 (3.00-15.50) < 0.01

Years since smoking cessation 5.00 (1.00-8.25) 1.27 (0.30-5.78) < 0.01

Age (years) 33.37 (28.28-39.42) 36.77 (30.63-43.52) < 0.01

BMI (kg/m2) 23.30 (21.70-25.50) 27.20 (23.40-33.10) < 0.01

Lifetime number of sexual partners 102.00 (34.00-400.00) 11.00 (5.00-35.00) < 0.01

Total number of participants 6789 4423

Bold indicates statistically significant.

HPV= human papilloma virus; MACS = Multicenter AIDS Cohort Study; PLWH = people living with HIV; WIHS = Women’s Interagency HIV 
Study.

*
: MACS participants not tested for HPV at baseline visit.

Due to missing values, participant frequencies within variable categories may not sum to total participant counts.
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