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Abstract

Background—Smoking increases the risk of morbidity and mortality and is particularly harmful

to HIV-infected people.
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Purpose—To explore smoking trends and longitudinal factors associated with smoking cessation

and recidivism among participants in the Women's Interagency HIV Study.

Methods—From 1994 through 2011, 2,961 HIV-infected and 981 HIV-uninfected women were

enrolled and underwent semi-annual interviews and specimen collection. Smoking prevalence was

evaluated annually and risk factors associated with time to smoking cessation and recidivism were

analyzed in 2013 using survival models.

Results—The annual cigarette smoking prevalence declined from 57% in 1995 to 39% in 2011

(p-trend<0.0001). Among smokers, factors significantly associated with a longer time to smoking

cessation included less education, alcohol use, having health insurance, >10-year smoking

duration, self-reported poor health rating, and having hypertension. Pregnancy in the past 6

months was associated with a shorter time to cessation. Among HIV-infected women, additional

risk factors for longer time to cessation included lower household income, use of crack/cocaine/

heroin, CD4 cell count ≤200, and highly active antiretroviral therapy (HAART) use. Predictors of

smoking recidivism included marijuana use, enrollment in 1994–1996, and not living in one's own

place. Among HIV-infected women, enrollment in 2001-2002 and crack/cocaine/heroin use were

associated with a shorter time to recidivism, whereas older age and HAART use were associated

with a longer time to recidivism.

Conclusions—Despite declining rates of cigarette smoking, integrated interventions are needed

to help women with and at risk for HIV infection to quit smoking and sustain cessation.

Introduction

The harmful health effects of cigarette smoking include an increased risk of developing

cancer, heart disease, infections, and chronic pulmonary disease.1,2 Although smokers are

also at risk for premature death,3 smoking cessation can reduce and sometimes reverse this

excess risk.4–6 Smoking can be particularly harmful to HIV-infected individuals, who have

an increased risk of mortality, cardiovascular disease, non-AIDS cancers, chronic

obstructive lung disease, and pneumonia compared to HIV–infected never smokers.7–10

The use of antiretroviral therapy (ART) to treat HIV infection has dramatically reduced

HIV-related morbidity and mortality, resulting in HIV-infected individuals reaching ages at

which smoking-related disease rapidly increases.11 The combination of longevity, prolonged

immunosuppression, and increasing number of pack-years of smoking puts smokers with

HIV/AIDS at a heightened risk for tobacco-related morbidity and mortality.10 Thus,

smoking-cessation programs are extremely important to maintain the health benefits of HIV

treatment.

Little is known about smoking cessation among HIV-infected individuals. One large study

reported that HIV-infected patients who quit smoking reduced their risk of cardiovascular

disease and that this reduction increased with time since cessation of smoking.12 A smoking-

cessation intervention conducted in a Swiss cohort study found that HIV-infected

participants who were middle-aged, injection drug users, had psychiatric problems, or high

alcohol consumption were less likely to stop smoking.13
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In the Women's Interagency HIV Study (WIHS), a multicenter cohort study of HIV-1

infection in women conducted at six centers in the U.S, 72% of the HIV-infected and at-risk

HIV–uninfected women are current (48%) or former (24%) cigarette smokers, a

considerably higher prevalence than the national population rate.14 A 10-year assessment of

smoking cessation in the WIHS found that the odds of tobacco cessation were higher among

participants with more years of education and among Hispanic compared with non-Hispanic

Black women.15 Cessation was lower in current or former illicit drug users and women

reporting a higher daily number of cigarettes at baseline.15 This previous WIHS analysis

evaluated baseline characteristics as predictors of smoking cessation among women only

recruited in the first enrollment wave of the study (1994–1995) and did not include more

recently enrolled participants or analyze predictors of recidivism or time-updated factors

during study follow-up.

The current study includes participants from all three WIHS enrollment waves (1994–1995,

2001–2002, and 2011) and investigates time-updated factors as predictors. The aims of this

investigation were to (1) calculate the annual smoking prevalence from 1994–2011; (2)

assess predictors associated with time to self–reported sustained (>12 months) smoking

cessation; and (3) measure risk factors associated with time to recidivism (self-reported

resumption of smoking) among sustained quitters of smoking. By identifying predictors of

smoking cessation and recidivism, these factors can be synthesized with conceptual models

to tailor interventions for HIV-infected and at-risk women.

Methods

Study Population

This study included HIV-infected and HIV-uninfected participants in the WIHS. The WIHS

methods, baseline characteristics, and participant retention rates have been described

previously.16–19 To summarize, between October 1994 and November 1995, 2,054 HIV-

infected and 569 uninfected women were enrolled (wave 1). A second enrollment wave,

between October 2001 and September 2002, added 737 HIV-infected and 406 uninfected

women. A third enrollment wave began January 2011, and 170 HIV-infected and six

uninfected women enrolled through September 30, 2011. The HIV-infected women in the

WIHS cohort reflect the race/ethnicity, HIV exposure groups, and ages of women with HIV/

AIDS in the U.S.17 Study protocols were approved by the IRBs at all sites and informed

consent was obtained.

Semiannually, WIHS participants were interviewed, had blood collected, and underwent a

physical examination. Among HIV-infected women, blood was tested for CD4+ lymphocyte

counts and HIV RNA levels. At each study visit, women were asked detailed information

about their smoking history. The selection of factors associated with smoking cessation and

recidivism in this investigation were guided by prior studies in the WIHS15 and other

populations of HIV-infected adults.13,20 In addition, we included health-related factors that

have been shown to be associated with smoking and cessation in women.21,22
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Measures

In the survival time analyses, baseline covariates included race/ethnicity, age, number of

years of smoking, WIHS locale (California, Illinois, New York, or District of Columbia),

enrollment wave, and HIV status (excluding HIV seroconverters). All other covariates for

the survival time analyses were time updated and obtained for the 6-month period

immediately preceding the visit in which the outcome was ascertained—the first sustained

quit visit or last non-quit visit for the time to cessation analyses, and the first recidivism visit

or last sustained quit visit for the time to recidivism analyses. This ensured that the

predictors preceded the event and were data lagged one semi-annual visit. These covariates

included: educational attainment, living situation, employment, household income, place of

residence, health insurance status assessed dichotomously as yes or no and as type of health

insurance, alcohol and drug use in the past 6 months, the Center for Epidemiological Studies

Depression Scale (CES-D) score dichotomized as >22 and yes or no,23,24 any hospitalization

in the past 6 months, self-reported health rating on a 5-point scale ranging from 1=excellent

to 5=poor,25 pregnancy in the past 6 months, child care responsibility in the past 6 months

(children aged <18 years in household or care), hypertension (defined as measured systolic

blood pressure ≥140, diastolic blood pressure >90, self-reported hypertension, or self–

reported antihypertensive medication use), diabetes (defined as measured fasting glucose

≥126 mg/dL, hemoglobin A1C >6.5%, self-reported diabetes, or self-reported use of

medications for diabetes), and cervical intraepithelial neoplasia (defined as cytologic or

histologic cervical intraepithelial neoplasia-1 or more severe). In regression models that only

included HIV-infected women, time-lagged CD4 cell count, HIV viral load, and use of ART

were also assessed. In the unadjusted models, we also considered time-updated covariates at

the prior 6-month visit (the 6–12-month interval preceding the sustained cessation visit) to

see if the factors for initial cessation differed from those for sustained cessation.

The log-normal survival models assumed that the hazard function has a log-normal shape

with two parameters (mean and dispersion) that were estimated from the data.26 Covariate

effects were shown as a time ratio (TR), rather than a HR, and thus have an interpretation on

the time scale. Factors usually termed “risky” or harmful will be associated with TR>1 for

the time to cessation analysis but TR<1 for the time to smoking recidivism outcome.

Statistical Analysis

Yearly smoking prevalence was calculated as the number of women who reported smoking

cigarettes divided by the number of women interviewed. The prevalence was further

stratified by birth cohort and HIV status. The Cochran–Mantel–Haenszel test was used to

measure differences across strata. The Cochran–Armitage trend test was used to assess

changes in the annual prevalence by calendar year.

Two separate survival analyses were performed: time from baseline smoking to sustained

(≥12 months) cessation and time from sustained cessation to recidivism (relapse). We

defined recidivism as having reported resumption of smoking and a date that they resumed

smoking. Time to cessation was calculated from date of the baseline smoking visit to the

date of the first sustained quit visit. Women who did not quit were censored at the date of

the last follow-up visit. This analysis included all women who reported current cigarette
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smoking at their baseline study visit and had at least two follow-up visits. Time to

recidivism (first relapse to smoking) was measured among women reporting current

cigarette use at study baseline, as the time from first sustained quit visit to the date of first

resumption of smoking visit. Participants who did not relapse during follow-up were

censored at the date of the last follow-up visit. This analysis included all participants who

reported sustained cessation ≥12 months during WIHS study follow-up and had at least one

post-sustained cessation follow-up visit.

Kaplan–Meier survival analyses measured median and mean time to cessation and time to

recidivism in years. Factors affecting time to outcome of cessation or recidivism were

evaluated using parametric survival models, assuming a log-normal distribution (accelerated

failure time).26 In the accelerated failure time model, the effect of a covariate is expressed as

either accelerating (shortening) or decelerating (lengthening) time to the event of interest.

Covariates with statistical significance at p<0.05 in unadjusted models were entered into

exploratory multivariate models for the respective outcomes. The final adjusted models were

developed using a manual stepwise backward elimination process. Statistical analyses were

performed in 2013 using SAS® software, version 9.3 (SAS Institute Inc., Cary NC).

Results

Smoking Prevalence Between 1995 and 2011

The annual cigarette smoking prevalence declined over time in the WIHS, from a high of

57% in 1995 to 39% in 2011 (trend test p<0.0001). Differences in annual smoking

prevalence were also observed by birth cohort, with both the oldest (birth years 1920–1939)

and youngest (birth years 1970–1985) birth cohorts having a lower smoking prevalence than

those born between 1940–1969 (p<0.05, Figure 1). HIV-infected women had a lower

prevalence of smoking compared with HIV-uninfected women (p<0.05, Figure 2).

Smoking Cessation

Among the 1,622 WIHS participants who reported smoking cigarettes at their baseline study

visit and had complete data on all follow-up study variables, 316 (19.4%) women

subsequently reported sustained smoking cessation during study follow-up (median=16.5

years, mean=13.7 years). In adjusted analysis, factors significantly associated with a longer

time to cessation (TR>1, Table 1) included socioeconomic factors (lower education and

having health insurance), behavioral factors (higher number of years smoking cigarettes and

alcohol consumption) and biological factors (a fair to poor self–reported health rating and

history of hypertension). Having been pregnant in the past 6 months was significantly

associated with a shorter time to cessation (TR<1). When time-lagged covariates in the 6–

12-month period prior to sustained cessation were assessed (data not shown), the results

were similar. When health insurance was assessed, either as a dichotomous variable (yes or

no) or as a categorical variable (none, public, private, or other), in both instances having

health insurance was associated with longer time to cessation.

In adjusted analysis among HIV-infected women only, factors significantly associated with

a longer time to cessation (TR>1, Table 2) included lower household income, having health
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insurance, higher alcohol consumption, use of cocaine/crack/heroin, history of hypertension,

use of highly active ART (HAART), and CD4 cell counts <200, whereas having been

pregnant in the past 6 months was associated with a shorter time to cessation (TR<1). When

time-lagged covariates in the 6–12-month period prior to sustained cessation among the

HIV-infected women were assessed (data not shown), the results were similar. Once again,

whether health insurance was dichotomized or categorized, having health insurance was

associated with a longer time to cessation.

Smoking Recidivism

Of the 316 participants who reported sustained smoking cessation during follow-up, 273

women had at least one subsequent follow-up visit. Of these 273 women, 145 (53%)

reported that they began smoking again during study follow-up, with a median time to

recidivism of 6.0 years (mean=7.2 years). In adjusted analysis, marijuana use and enrollment

in 1994–1996 were associated with shorter time to cigarette smoking recidivism (TR<1,

Table 3). In this same analysis, living in one's own place was significantly associated with

longer time to recidivism (TR>1, Table 3). In an adjusted analysis among HIV-infected

women only, enrollment in 2001–2002 and crack/cocaine/heroin use were associated with a

shorter time to recidivism (TR<1, Table 4), whereas older age and HAART use were

associated with a longer time to recidivism (TR>1).

Discussion

One unique finding of our study was that HIV-infected women with CD4+ cell counts <200

had a longer time to smoking cessation than those with counts ≥500. This may be because

women with more severe immune deficiency are less motivated to quit smoking than women

with higher CD4+ cell counts, and is in keeping with our finding that women who rated their

overall health as poor or fair had a longer time to smoking cessation than women who rated

their health as good or excellent. Interventions that increase the motivation to quit smoking

can stimulate quit attempts and make them more successful.27–29 In addition, HIV-infected

women using HAART also had a longer time to quit but had a longer time to recidivism than

women not taking HAART. Because HAART use may be confounded by its indications,

such as having AIDS-related comorbidities and immunosuppression, that may explain the

longer time to cessation among HAART users. On the other hand, the longer time to

recidivism may reflect a greater motivation for health improvement among HIV-infected

women who are adherent to effective ART and have more access to professional healthcare

advice and assistance regarding smoking cessation. Raising the awareness of the health

benefits of quitting smoking and sustaining cessation and offering alternative coping

strategies, including medications to alleviate withdrawal symptoms,30 are important first

steps toward cessation. HIV-infected individuals, especially those with CD4+ cell counts

<200 and those prescribed HAART, are likely to have frequent encounters with healthcare

professionals, and these providers should take the opportunity to promote smoking cessation

among their patients who smoke. Clinicians treating HIV-infected smokers with comorbid

medical conditions have an ideal opportunity to teach the patients that they are treating that

their health conditions may be exacerbated by smoking and can be ameliorated by

quitting.27,31–33 One framework for integrating strategies for smoking cessation in the
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healthcare setting is based on the principles of asking, assessing, advising, assisting and

arranging—the five A's.34 This framework complements the motivational approach and has

been successfully applied in practice to guide patients through and beyond their quit

attempt.35

Several of the factors associated with longer time to smoking cessation and shorter time to

recidivism among HIV-infected and at-risk women in this study were similar to those

reported in other studies, such as lower educational attainment and income, higher number

of years smoked, alcohol and drug use, and not living in one's own place.13,36–39 Our study

identified factors that may inform the design of programs and interventions to lower

smoking rates in HIV-infected and at-risk women. Specifically, interventions that target

smoking cessation as soon as possible after initiation, integrate risk reduction for multiple

addictions and high-risk behaviors simultaneously, teach coping skills for high-stress

situations, and address structural factors such as housing instability and unemployment may

be more effective in helping women achieve and sustain smoking cessation.38,40

Among the health conditions included in our analytic models, being pregnant in the past 6

months was associated with a shorter time to sustained cessation. It has been established that

pregnant women are more likely to quit smoking21,22 and our study provided further

evidence to support those findings. We also found that women with hypertension had a

longer time to sustained smoking cessation than women without hypertension. Although

cigarette smoking may increase the risk of hypertension,41,42 we found that hypertension

delayed cessation. This suggests that motivating women to quit smoking during pregnancy

may be a teachable moment that could be used in other health-related situations such as

motivating women with hypertension to quit smoking.

Unexpectedly, women with any type of health insurance had a longer time to cessation than

women without insurance. This may be because women without health insurance are more

concerned about avoiding behaviors that may increase their risk of ill health. One study that

evaluated smoking cessation in subgroups of the insured and uninsured found those with

insurance were more likely to use “dependence treatments” for cessation but that the

prevalence of quit attempts was similar between the insured and uninsured,43 implying

similar motivation to quit in both groups.

The strengths of this study include a large, geographically and ethnically diverse,

representative sample of U.S. women with and at risk for HIV. By incorporating the most

recent participant data, these longitudinal analyses allowed us to determine the most

proximal factors associated with quitting and recidivism. However, this study had several

limitations. First, we relied on self-reported cessation and recidivism and did not test for

biomarkers of tobacco use. However, our participants had little reason to be untruthful in

their responses to the tobacco questions. Second, this cohort is dynamic with individuals

entering (three enrollment phases) and leaving (owing to death and loss to study follow-up)

during the study period. Therefore, changes in the study population over time may also have

contributed to the temporal trends we observed. Third, this study was not guided by

conceptual or theoretical frameworks. Instead, we sought to generate hypotheses about the

types of interventions that might be targeted for women with and at risk for HIV infection.

Hessol et al. Page 7

Am J Prev Med. Author manuscript; available in PMC 2015 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



The WIHS is an observational cohort study, and although this investigation did not include

new policy or counseling interventions, our data suggest that new public health policies and

programs tailored to raise awareness and motivate this population of HIV-infected and at-

risk women to quit smoking are needed. This is particularly important given the recent

finding that HIV-infected smokers lose more years of life to smoking than to HIV

infection10 and because the current smoking rate of 39% among WIHS participants is more

than double the national average of 17% for women.44 Our results suggest a shift away from

the dominant, single-behavior paradigm of treating each health risk behavior as if it were

isolated, to a multiple-behavior paradigm that applies innovative integrative models and

techniques to impact multiple behaviors.45 Programs that treat smoking as well as drug and

alcohol addiction and policies that discourage cigarette smoking can further reduce cigarette

consumption among these women. Interventions that specifically target recent initiators of

cigarette smoking and address perceptions of health and health outcomes, housing needs,

and income may have greater success in achieving sustained cessation. Evidence–based

smoking cessation approaches for women with and at risk for HIV infection should be

individualized and provide continued support to address the syndemic of high levels of

stress, drug and alcohol dependency, and comorbidities.46 Integrating smoking-cessation

interventions into ongoing HIV/AIDS programs, educating HIV-infected persons about the

harms of smoking, and teaching coping skills that can help individuals deal with life's

challenges without relapsing to smoking may further reduce morbidity and mortality in

women and men with HIV infection.
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Figure 1. Annual cigarette smoking prevalence in the WIHS, 1994–2011, by birth cohort WIHS,
Women's Interagency HIV Study
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Figure 2. Annual cigarette smoking prevalence in the WIHS, 1994–2011, by HIV status WIHS,
Women's Interagency HIV Study
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