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HIV-positive women in the United States
tend to be from lower socioeconomic strata
in which smoking is common, and its adverse
effects add to the burdens of HIV infection
and poverty." Other articles have suggested
that smoking may modify CD4+ lymphocyte
counts, but findings have not consistently es-
tablished a relation between smoking and
the course of HIV/AIDS.*™ In the Multicen-
ter AIDS Cohort Study, no association was
found between smoking and the risk of de-
veloping AIDS or dying, but the study in-
cluded only gay men of middle and upper
socioeconomic status.® Also missing from this
report were data on viral load, and the study
was conducted before the use of highly ac-
tive antiretroviral therapy (HAART) became
widespread. We therefore conducted a study
taking advantage of a longitudinal data set
of HIV-infected women whose smoking sta-
tus, viral load status, immune status, and an-
tiretroviral use were well documented. To
our knowledge, no previous studies have as-
sessed the association of smoking with re-
sponse to HAART.

METHODS

Study Design

The Women’s Interagency HIV Study
(WTHS) is a multisite longitudinal cohort
study of HIV infection among women en-
rolled between 1994 and 1995 at 6 sites in
the United States (Bronx/Manhattan, NY;
Brooklyn, NY; Washington, DC; San Francisco/
Bay Area, Calif; Los Angeles/Southern Cali-
fornia; and Chicago, I1). Details of study ob-
jectives, design, and methods have been
published elsewhere.” The study was origi-
nally designed to investigate the natural
course of HIV infection among women,
to identify clinical and behavioral factors
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associated with disease progression, and to
assess the effects of treatment on the clinical
course of HIV/AIDS.

Study participants were screened and en-
rolled if they were aged at least 13 years,
agreed to be tested for HIV, could complete
assessments in either English or Spanish, and
were able to travel to and from the study site.
In order to be accepted into the study, during
their initial visit, participants were required to
complete a series of structured core assess-
ments on sociodemographic characteristics,
mental and physical health history, alcohol
and drug use, sexual behavior, medication,
and health care utilization. A physical exami-
nation and routine laboratory tests were also
required. Follow-up visits were scheduled
semiannually and included similar assessment
tools, repeat physical examinations, and addi-
tional laboratory tests. All participants were
offered remuneration for baseline and follow-
up interviews consistent with local institutional
review board and community advisory board
guidelines. Written informed consent was ob-
tained at the time of initial WIHS study en-

Objective. We assessed the association of cigarette smoking with the effec-
tiveness of highly active antiretroviral therapy (HAART) among low-income women.

Methods. Data were analyzed from the Women'’s Interagency HIV Study, a mul-
tisite longitudinal study up to 7.9 years for 924 women representing 72% of all
women who initiated HAART between July 1, 1995, and September 30, 2003.

Results. When Cox’s regression was used after control for age, race, hepatitis C
infection, illicit drug use, previous antiretroviral therapy, and previous AIDS, smok-
ers on HAART had poorer viral responses (hazard ratio [HR]=0.79; 95% confidence
interval [CI]1=0.67, 0.93) and poorer immunologic response (HR=0.85; 95% Cl=0.73,
0.99). A greater risk of virologic rebound (HR=1.39; 95% Cl=1.06, 1.69) and more fre-
quent immunologic failure (HR=1.52; 95% Cl=1.18, 1.96) were also observed among
smokers. There was a higher risk of death (HR=1.53; 95% CI=1.08, 2.19) and a higher
risk of developing AIDS (HR=1.36; 95% Cl=1.07, 1.72) but no significant difference
between smokers and nonsmokers in the risk of death due to AIDS.

Conclusions. Some of the benefits provided by HAART are negated in cigarette
smokers. (Am J Public Health. 2006;96:XXX-XXX. doi:10.2105/AJPH.2005.062745)

rollment. After 5 years, approximately 80% of
the participants remained in the study.®

During each subsequent study visit,
HAART compliance was reassessed. Defini-
tions of HAART and usage patterns in the
WIHS study have been described.”"

Laboratory Methods

The HIV-1 RNA viral load in plasma was
measured with the isothermal nucleic acid
sequence—based amplification (Nuclisens)
method (bioMérieux, Boxtel, Netherlands) and
the tests were restricted to laboratories partic-
ipating in the National Institutes of Health/
National Institute of Allergy and Infectious
Disease Virology Quality Assurance Labora-
tory proficiency testing program. Viral load
levels less than 80 copies/mL were reported
as undetectable. Lymphocyte subsets were
quantified with standard flow cytometric
methods, and again the tests were restricted
to laboratories participating in the National
Institutes of Health/National Institute of Al-
lergy and Infectious Disease Flow Cytometry
Quality Assessment Program. !
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Exposure Variable and Covariates

Participants were asked about smoking
habits, and anyone reporting smoking since
the last study visit (i.e., past 6 months) was
considered a smoker. The amount smoked
and cumulative pack-year histories were also
determined but did not change the results
and were not included. A positive response,
since the last 6-month visit, to use of either
cocaine/crack or heroin was regarded as evi-
dence for current illicit drug use. Adherence
measures, previously described in detail,
were introduced to WIHS instruments in Oc-
tober 1998. Participants were classified ac-
cording to whether they reported taking all
drugs as prescribed at least 95% of the time
since the previous 6-month visit. On the basis
of these self-reports, we constructed a covari-
ate that reflected the percentage of study vis-
its during which patients took their medica-
tions. Those individuals who reported taking
HAART at least 95% of the times at every
study visit were classified as compliant to
treatment.

Outcome Variables
We estimated the time from HAART initia-
tion (defined as the midpoint between the last
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on an intent-to-treat basis, ignoring treatment
changes and interruptions.

As established by the Centers for Disease
Control and Prevention (CDC) in 1993, ADCs
(excluding CD4+ lymphocyte counts <200)
were ascertained through self-report or con-
firmed through cancer and tuberculosis reg-
istries."* In the models measuring HAART
efficacy, any ADC was recorded as incident,
except for diagnoses of cervical cancer, Ka-
posi’s sarcoma, non-Hodgkin’s lymphoma,
tuberculosis, or wasting syndrome before
HAART initiation. An ADC reported during
the study visit when HAART was first re-
ported was not classified as incident.

Information regarding deaths was obtained
from study participants’ friends, relatives, and
medical providers, and through medical and
death registries. Methods for determining
cause and date of death have been described
elsewhere.”

Statistical Methods

CD4+ lymphocyte count and viral load
trends between smokers and nonsmokers
were analyzed with a repeated measures
mixed model and adjusted for age and race.

Interactions between smoking status and
visit number were included to estimate
trends over time in CD4+ lymphocyte
counts and viral load levels in smokers rela-
tive to nonsmokers. We employed a simple
compound symmetrical correlation matrix
that assumed equal correlation between
pairs of time points. Survival time was mod-
eled as a function of single (“fixed”) values
of smoking and of the other covariates col-
lected at the visit before the start of HAART.
The models estimated the heterogeneity in
the risk of each outcome by pre-HAART
smoking status, with adjustment for age,
race, baseline hepatitis C infection, self-re-
ported baseline exposure category (including
illicit injection drug use, male—female sexual
behavior that might lead to transmission of
AIDS, and transfusion history), pre-HAART
CD4+ lymphocyte count, pre-HAART viral
load, pre-HAART illicit injection and non-
injection drug use, previous self-reported
AIDS, previous antiretrovial therapy use,
and adherence category. Relevant variables
(shown in Table 1) were placed into the
model, and those that were not significant
(P>.05) were deleted in backward stepwise

visit without HAART and the first visit with L , . .
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fashion. We also examined models that strat-
ified patients according to their level of ad-
herence to HAART.

SAS software version 8.02 (SAS Institute
Inc, Cary, NC) was used to conduct all study
analyses.

RESULTS

Cigarette Smoking in the WIHS

Smoking was very common among WIHS
participants. At the time of enrollment, 56%
of the women “currently smoked,” and an ad-
ditional 16% had smoked previously. The av-
erage level of cumulative tobacco exposure at
enrollment was 12.4 pack-years for women
who were current smokers and 4.2 pack-
years for women who had smoked previously.
Given that the average age at enrollment was
36 years, the typical WIHS patient had
smoked a pack of cigarettes per day for more
than 30% of her entire life, and 50% of her
life since adolescence. For eligible women
on HAART (as described later) with data on
smoking (n=924), 70% were relatively con-
sistent in their smoking habits up to 9 years
after enrollment, with 31% reporting smoking
during less than 10% of the follow-up visits
and 39% reporting smoking during at least
three quarters of the visits. Of the 909
women who reported smoking status at base-
line and at the visit before HAART, 93.2%
(466/500) smoked at both times.

HAART Use in the WIHS

Of the 2059 HIV-1—seropositive women
enrolled, 1277 (62.0%) initiated HAART
between July 1, 1995, and September 30,
2003. Among these women, 1083 (84.8%)
had all post-HAART HIV-1 RNA viral load
assays performed that could detect down to
80 copies/mL or consistently had detectable
HIV-1 RNA. In addition, HIV-1 RNA viral
loads, CD4+ lymphocyte counts, and anti-
retroviral therapy data were available before
HAART initiation. These same patients all had
peak pre-HAART HIV-1 RNA viral levels
greater than 80 copies/mL. Analysis was re-
stricted to the 961 (88.7%) eligible HAART
initiators with CD4+ lymphocyte and HIV-1
RNA viral load data available after HAART
initiation whose HAART initiation date could
be estimated accurately to within 1 year. Of
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the 961 women, 924 (96%) had data on
smoking status. The median follow-up after
HAART initiation for the 924 women with
complete data was 5.2 years (range 0.2 to
7.9; interquartile range 3.2 to 6.3), during
which time 164 deaths occurred among
HAART initiators.

Table 1 reports differences between women
based on smoking status before HAART initi-
ation. Significantly more smokers were Affri-
can American, used illicit drugs, or had a life-
time history of illicit injection drug use, were
infected with hepatitis C virus, and had previ-
ously been diagnosed with AIDS. CD4+ lym-
phocyte counts and CD4+ percentages (data
not shown) were significantly higher among
smokers than nonsmokers, but viral loads
were not significantly different.

Trends in Disease Markers After HAART

Figures 1a and 1b indicate trends in CD4+
lymphocyte counts and viral loads among
smokers and nonsmokers starting at the visit
before HAART and extending over a 5-year
period, after adjustment for age and race.
Over time, the higher CD4+ lymphocyte
counts initially observed among smokers ac-
tually became lower than the mean CD4+
lymphocyte counts of nonsmokers (P=.01
for trend) (Figure 1a).

A similar pattern was observed for CD4+
percentages (P=.01 for trend; data not shown)
as well as for viral load levels (P=.07 for
trend) (Figure 1Db).

Outcomes in Smokers vs Nonsmokers

Kaplan—Meier probabilities of developing
an ADC (Figure 2a) or dying (Figure 2b)
were also higher among smokers than among
nonsmokers (P<.01).

Table 2 reports the results of multivariate
backward selection Cox regression analyses for
each of the 7 outcomes. Each of the final mod-
els could have included age, race, and pre-
HAART covariates, CD4+ lymphocyte count,
viral load, illicit drug use, previous AIDS, pre-
vious ART use, baseline hepatitis C infection,
and baseline exposure category. Smokers who
initiated HAART had a lower chance of
achieving a viral (hazard ratio [HR]=0.79;
P=.006) or immunologic response (HR=
0.85; P=.041), and a greater chance of
developing viral (HR=1.39; P=.013) or

immunologic failure (HR=1.52; P=.001), ac-
quiring an ADC (HR=1.36; P=.01), or dying
(HR=1.53; P=.018). However, the risk of
AIDS-related deaths did not differ between
smokers and nonsmokers (HR=0.89 P=.68).

The results did not change even when the
9 covariates noted previously were forced
into the models.

Adherence to HAART was significantly
lower among smokers than among nonsmok-
ers. Smokers reported taking their medications
less than 95% of the time during the preced-
ing 6 months in 32.2% of their visits com-
pared with only a 23% “noncompliance” rate
among nonsmokers (P=.001). After adjust-
ment for adherence levels, poorer responses
were still more frequent among smokers (data
not shown). In these models, HAART compli-
ance was associated with higher viral response
rates (HR=1.46; P=.0010), less viral (HR=
0.57; P=.001) and immunologic (HR=0.71;
P=.012) failure, and fewer ADC occurrences
(HR=0.65; P=.001).

To minimize the potentially confounding
effects of adherence to HAART, we limited
the analysis to women who reported taking
their HAART medication during the previous
6 months at least 95% of the time for all
study visits. The difference in response to
HAART between smokers and nonsmokers
in this group was similar to that for all pa-
tients, although only the differences in risk of
death and ADCs were statistically significant
(data not shown).

DISCUSSION

Smokers on HAART experience signifi-
cantly higher morbidity (ADC=36%) and
mortality rates (53%) than nonsmokers. In
North America, 22% of deaths in females are
attributed to smoking, and the practice remains
prevalent in the United States almost 40 years
after the first surgeon general’s report linking
tobacco use to lung cancer.®™" Smoking is
much more common among people who have
less education and income, the same individu-
als who are at greatest risk for acquiring HIV
in the United States. Among African American
women with 16 or more years of education,
the smoking prevalence is only 9%, whereas
33% of African American women with fewer
than 12 years of education smoke.*®
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FIGURE 1—Trends in CD4+ lymphocyte counts (a) and log of viral load (b), by smoking
status before highly active antiretroviral therapy initiation.
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Despite the widespread use of tobacco
among HIV-infected women, the effect of
smoking on HIV-related mortality and mor-
bidity has never been clearly defined. The
surgeon general’s 2001 report on women and
smoking concluded, “The influence of smok-
ing on progression of HIV-1 infection and on
survival among women has not been exam-
ined in cohorts sufficiently large for meaning-
ful interpretation.”*®

Our study examined a large cohort of HIV-
infected women, many of whom smoked. The
results clearly demonstrated that HIV-positive
women who smoke have a higher risk of ac-
quiring ADCs or dying. Moreover, HAART is
not as beneficial in smokers as it is in non-
smokers. The decrease in HAART efficacy
among smokers might be related in part to a
lower level of HAART adherence. However,
even after adjustment for reported compli-
ance and illicit drug use, HAART was still less
effective in smokers as measured by AIDS in-
cidence and death. These data indicate a neg-
ative impact of smoking even while HAART
may be effective in reducing AIDS-related
deaths in smokers.

It is not clear whether smoking directly in-
terferes with HAART or represents a marker
for individuals at high risk for HAART fail-
ure. Other studies have shown that smoking
modifies CD4+ lymphocyte counts, but they
have been inconsistent in establishing a
negative relation between smoking and the
course of HIV/AIDS.>%19"%! In this study,
we found that smokers initially had higher
CD4+ lymphocyte counts. Over time, this
relation changed with decreasing CD4+ lym-
phocyte counts in smokers compared with
nonsmokers, who tended to increase their
CD4+ lymphocyte counts and lower their
viral loads. These differences may also re-
flect a selection bias in which healthier pa-
tients are more likely to smoke at any point
in time.

Our study did not find an association be-
tween smoking and AIDS-related deaths.
This is consistent with an earlier report from
our group describing an algorithm for classi-
fying death into AIDS-related or non—AIDS-
related categories on the basis of data from
death certificates and CD4+ lymphocyte
counts.” In that study, smokers had an ad-
justed relative mortality risk of 3.5 (1.2 to
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FIGURE 2—Cumulative percentage remaining free from an AIDS-defining condition (a) and
surviving (b), by smoking status before highly active antiretroviral therapy initiation.

10) for non—AIDS-related causes and an ad-
justed relative mortality risk of 0.9 (0.6 to
1.2) for AIDS-related causes.

It is not clear whether the lack of associa-
tion between smoking and AIDS-related
deaths is because of an inability to determine
the true of cause of death in this cohort set-
ting or because competing causes of death
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result in smokers dying more rapidly (i.e.,
smokers die from acute causes such as drug
overdoses, homicides/suicides/accidents
before dying from AIDS-related causes) or
because smoking has an impact mostly on
ADCs that do not result in death or because
smoking is associated with high-risk behavior,
including nonadherence to medications.

TABLE 2—Backward Stepwise Proportional
Hazard Models for Smoking and Prognosis
after Highly Active Antiretroviral Therapy
Hazards Ratio
(95% CI) P
Viral response (n =863; 551 events)
Age 1.009 (1.003, 1.014) .002
Smoker 0.79 (0.67,0.93) .006
ART naive 2.18 (1.75,2.71) .001
Log viral load 0.84(0.81,0.87) .001
Viral rebound (n=524; 333 events)
Smoker 1.39 (1.06, 1.69) 013
Hispanic vs White  1.29 (0.56, 0.99) .04
lllicit drug use 1.56 (1.13,2.07) .007
ART naive 0.73(0.55, 0.99) 034
Log viral load 1.06 (1.01, 1.11) .01
Immunologic response (n=863; 678 events)
Smoker 0.85(0.73,0.99) 041
Hispanic vs White  0.79 (0.66, 0.96) .016
Log CD4+ count 1.33(1.22,1.44) .001
Immunologic failure (n=660; 261 events)
Smoker 1.52 (1.18,1.96) .001
Hispanic vs White  1.49 (1.12, 1.97) .006
Log CD4+ count 1.49 (1.27,1.74) .001
AIDS incidence (n=_841; 343 events)
Smoker 1.36 (1.07,1.72) .011
lllicit drug use 1.74 (1.32,2.30) .001
Prior AIDS 2.30(1.83,2.88) .001
Log CD4+ count 0.80(0.73,0.87) .001
Log viral load 1.07 (1.02,1.13) .004
Total deaths (n=863; 151 events)
Age 1.02 (1.01, 1.03) .006
Smoker 1.53 (1.08, 2.19) .018
HCV 2.05 (1.45,2.88) 0.001
ART naive 0.43(0.25,0.76) .003
Log CD4+ count 0.62 (0.55, 0.70) 0.001
Log viral load 1.09 (1.01, 1.18) 0.023
Death from AIDS (n=863; 63 events)
HCV 2.03(1.23,3.35) 0.005
ART naive 0.41(0.18, 0.96) 0.04
Log CD4+ count 0.56 (0.48, 0.67) 0.001
Log viral load 1.28 (1.11,1.47) .001
Note. ART=antiretroviral therapy; HCV =hepatitis C virus.

However, we were able to demonstrate an
association between smoking and both sur-
vival and ADC occurrence as well as with
several indices of HAART effectiveness even
after control for a wide array of potential con-
founders. Although this analysis controlled
for adherence to HAART and for illicit drug
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use, there may still be some residual con-
founding factors not yet identified. Residual
confounding factors are less likely to be of
significance, at least as they relate to HIV-
associated factors, when the analysis is re-
stricted to HAART-compliant patients. Even
in this group, smoking was consistently associ-
ated with adverse outcomes, although there
were fewer significant outcomes because of
the smaller sample size.

We cannot exclude potential bias among
patients in poor health who may be more or
less likely to smoke. For example, a patient
in poor health who feels that she has nothing
to lose might choose to smoke anyway, in
spite of the known health risks. This study
did control for immunologic, virologic, anti-
retroviral use, and clinical status at each visit,
but the trends in CD4+ lymphocyte counts
and HIV viral loads suggested that at least
initially, smokers were actually healthier.
Survival bias also could have influenced the
study findings, particularly if more smokers
died before they could begin HAART. This
seems unlikely, because the initiation of
HAART usually occurs rapidly.

Finally, the assessment of smoking and ad-
herence to treatment relied on patient self-
reports. However, social desirability bias in
self-reported smoking is less likely in a low-
income population with a high previous use
of illicit drugs. Additionally, the level of ad-
herence to treatment was independently asso-
ciated with several of the indexes of HAART
efficacy, suggesting that self-reports on com-
pliance were accurate.™

In conclusion, our data suggest that the
treatment of HIV-positive women with
HAART may be less effective in those who
smoke cigarettes and point to a need to pro-
mote smoking cessation. W
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