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Abstract

The prevalence of smoking in HIV-infected subjects is high. As a smoking cessation aid, varenicline (Champix�,
Pfizer, Saint-Laurent, QC, Canada or Chantix�, Pfizer, Mission, KS) has not been previously evaluated in HIV-
infected smokers. In this multicenter pilot open label study, varenicline 1.0 mg was used twice daily for 12 weeks
with dose titration in the first week. Adverse events (AEs) during the treatment period were recorded. Changes
from baseline in laboratory tests, vital signs, daily cigarette consumption, nicotine dependence, and withdrawal
were measured through week 24. Self-reported abstinence was validated by serum cotinine at week 12. We
enrolled 36 subjects with a mean of 29 pack-years of smoking and a minimum of 4 cigarettes per day. All but 1
were male, 33 (92%) were white. The most frequently reported AEs were nausea (33%), abnormal dreams (31%),
affect lability (19%), and insomnia (19%). Six (17%) subjects discontinued varenicline due to AEs. No grade 3/4
laboratory abnormalities or serious AEs occurred during the study. There was no significant change in HIV viral
load. CD4 counts increased by 69 cells/mm3 ( p = 0.001) at week 24. Serum cotinine-verified 4-week continuous
abstinence rate through weeks 9–12 was 42% (95% confidence interval [CI]: 26–58%). AEs and abstinence rates
were comparable to those in published randomized controlled trials conducted in generally healthy HIV-
negative smokers. Varenicline was safe and appears effective among HIV-infected smokers in this exploratory
study, although AEs were common. The most common AE was nausea, with no adverse effect on HIV treatment
outcome. Close monitoring of liver enzymes and blood pressure is recommended for HIV-positive smokers
taking varenicline.

Introduction

With modern anti-retroviral therapies (ART), there
is a greatly increased chance of long-term survival and

a decreased chance of opportunistic infections in HIV-infected
persons.1,2 The majority of HIV deaths in developed countries
are now caused by cancer and by heart, lung, and liver dis-
ease.3,4 Smoking is the most common and important modifi-
able risk factor for these diseases. Smoking prevalence of
50–70% or higher in HIV-infected subjects has been reported
previously,3,5–8 compared with less than 20% in the general
Canadian adult population.9 Quitting smoking can improve
symptom burden and the quality of life,10 and decrease the in-
cidence of cardiovascular diseases8 in HIV-positive people. After

appropriate initiation of ART, smoking cessation may be the
single most important intervention for improving long-term
survival and quality of life in HIV-infected people. However,
there are limited data regarding the efficacy of smoking cessation
in the context of HIV, despite a few successful smoking cessation
programs in HIV-infected people.11,12

In February 2007, Health Canada approved varenicline
tartrate (Champix� in Canada and many countries [Saint-
Laurent, QC, Canada], or Chantix� in the United States [Pfi-
zer, Mission, KS]) as a new smoking cessation aid in adults, to
be used in conjunction with smoking cessation counseling.
Varenicline acts as a partial agonist at a4b2 nicotinic acetyl-
choline receptors in the brain, reducing nicotine craving. A
previous review showed that varenicline is more effective
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than bupropion (Zyban�, GlaxoSmithKline, Philadelphia,
PA), nicotine replacement therapy, or placebo.13 The most
frequently reported adverse event (AE) of varenicline was
nausea, which was generally mild or moderate. Dose titration
over the first week helps minimize nausea. As a new prom-
ising smoking cessation aid, varenicline had not yet been
tested in HIV-infected subjects prior to our study.

The study protocol was approved by Hospital Research
Ethics Boards (REBs) at the Hamilton Health Sciences, Ha-
milton, Ontario, Canada, and at Windsor Regional Hospital,
Windsor, Ontario, Canada. Health Canada issued a ‘‘No ob-
jection letter.’’ All participants gave written consent.

Methods

Study design, setting, and participants

We designed a multicenter open-label study, conducted at
two regional HIV clinics in Hamilton and Windsor, Ontario,
Canada, between October 2008 and July 2010. Subjects satisfied
all of the following five inclusion criteria: (1) age 19–64 years; (2)
smokes one or more cigarettes per day; (3) has attempted to
quit at least once previously; (4) no abstinence period of greater
than 3 months during the past year; and (5) weight 45–125 kg.
Subjects who had any one of the following seven conditions
were excluded: (1) pregnant or nursing women; (2) allergy to
varenicline; (3) cancer or transplant; (4) epilepsy, on antiepi-
leptic drugs, on antidepressants, or antipsychotic drugs; (5)
significant cardiovascular disease, uncontrolled hypertension,
or cataract; (6) nausea, irritable bowel, or other significant
gastrointestinal symptoms; or (7) currently on nicotine re-
placement therapy. In addition, if the subject was not on ART, a
CD4 T-lymphocyte count of at least 350 cells/mm3 was re-
quired, and subjects for whom the physician was planning to
start ART within the next 6 months were excluded. If the
subject was on ART, a CD4 T-lymphocyte count of over 200
cells/mm3 was required, with undetectable viral load (less than
50 copies per milliliter) for the past 6 months, and he/she
should be judged by the physician to not require a change in
ART in the next 6 months. Potential eligible subjects were re-
ferred to research staff by their physician or were approached
by our trained research staff during routine clinical visits. After
consenting, all the subjects underwent an electrocardiography
to rule out signs of past cardiovascular disease.

Study intervention and follow-up

We titrated the dosage of varenicline in the first week:
0.5 mg once daily for days 1–3, then 0.5 mg twice daily for
days 4–7, followed by 1.0 mg twice daily from day 8 until
week 12. We offered each subject a package of reading materials,
including educational materials from the Ontario Canadian
Cancer Society (‘‘Thinking about quitting?’’ ‘‘Quit. You Have It in
You’’; ‘‘What’s your poison?’’), Hamilton Public Health Services
(‘‘How You Can Manage Your Nicotine Withdrawal Symp-
toms’’) and the Ontario Lung Association (‘‘Tips to Help You
Quit!’’). Counseling was delivered to the subject by a physician
or a trained counselor, in accordance with a U.S. clinical practice
guideline on treating tobacco use and dependence.14 A target
quit date was set 8–14 days after starting varenicline.

We followed subjects weekly during the 12-week treatment
period and biweekly during the 12-week nontreatment period
in Hamilton. In Windsor, we followed subjects weekly during

the first 4 weeks, then at weeks 8, 12, 16, and 24. At both sites,
four clinical visits were scheduled at baseline, weeks 4, 12, and
24 when self-administered questionnaire, physical examina-
tion, and blood work were obtained. Fifteen (in Hamilton) or
five (in Windsor) follow-up visits were scheduled over the 24-
week study by telephone, e-mail, or personal interview to
collect information on smoking and AEs and to deliver brief
counseling. Subjects who discontinued varenicline before
week 12 were still followed according to the original schedule,
or information was collected by medical chart review if they
declined further participation.

Safety assessment

AEs were collected through regular follow-up and patient
report. We asked about AEs starting with a defined open-ended
question: ‘‘Since the last follow-up, have you had any new
symptoms?’’ We then assessed AE severity, duration, date of
onset, action taken, and the suspected relationship to vareni-
cline.15–17 All the AEs were self-reported. An SAE was judged
by the subject’s physician and by the principal investigator.

Blood work was measured at each clinical visit, including:
complete blood count, creatinine, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), CD4 T-lymphocyte
count, and plasma HIV viral load (Chiron 3.0 bDNA assay).
Abnormalities in laboratory results were graded according to
the Division of AIDS (DAIDS) AEs scale.18 In addition, for
subjects with elevated AST or ALT at baseline, grading was
based on changes relative to baseline rather than upper limit of
normal. Grade numbers 1–4 represent mild, moderate, severe,
and potentially life-threatening abnormality, respectively.18,19

Weight and blood pressure were measured at baseline,
weeks 12, and 24.

Measurement of effectiveness, nicotine dependence,
and withdrawal

The primary outcome for effectiveness was measured by
the serum cotinine-verified 4-week continuous abstinence rate
(4W-CAR) from weeks 9–12. Abstinence from smoking was
defined as no smoking, not even a puff, for at least 7 consec-
utive days prior to each follow-up. Self-reported abstinence at
week 12 was validated by serum cotinine concentrations be-
low 3 ng/mL.20 Cotinine was quantified by liquid chroma-
tography-mass spectrometry.21 Secondary effectiveness
estimates included: serum cotinine-verified continuous ab-
stinence rate (CAR) through weeks 9–24; self-reported 7-day
point prevalence of abstinence (7D-PP) at each follow-up; and
changes in daily cigarette consumption.

The Fagerström Test for Nicotine Dependence (FTND)
questionnaire22–24 was self-administrated at baseline for all
subjects and at subsequent clinical visits for subjects who still
smoked. FTND scores of 0–2 indicate very low nicotine de-
pendence, 3–4, low; 5, medium; 6–7, high; and 8–10, very
high.24 The Minnesota Nicotine Withdrawal Scale (MNWS)
questionnaire25–27 was self-administrated at each clinical visit
for all the subjects, measuring five subdomains of nicotine
withdrawal symptoms: negative affect (including depressed
mood, irritability/frustration/anger, anxiety/nervousness,
and difficulty concentrating), with subscore ranging from 0–
16; insomnia (including difficulty going to sleep and staying
asleep), with subscore ranging from 0–8; restlessness ranging
from 0–4; increased appetite from 0–4, and craving from 0–4.
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In each subdomain, higher scores indicated more severe nic-
otine withdrawal symptoms.27

Statistical analysis

This study was an exploratory investigation using a pre–
post design. The sample size of 36 was determined based on
feasibility considerations. Demographic and baseline charac-
teristics were summarized using descriptive statistics re-
ported as mean (standard deviation [SD]) for continuous
variables and count (percent) for categorical variables. Pro-
portions were calculated as the number of events divided by
the total number of subjects, and expressed with 95% confi-
dence intervals (CIs). The change from baseline to follow-up
visit was reported as mean (standard error [SE]) and analyzed
by general linear models allowing for repeated measures.
Repeated measured proportions were analyzed using gener-
alized estimating equations. Missing data were replaced by
the data from last follow-up visit. All statistical tests were
two-sided with an a of 0.05. We did not adjust the overall level
of significance for multiple testing as the analyses were pri-
marily exploratory. We used PASW Statistics 18 (SPSS Inc.,
Chicago, IL) to analyze data.

In addition, we found randomized controlled trials (RCTs)
conducted in HIV-negative generally healthy smokers from
the published literature, identified RCTs with at least one
treatment arm using varenicline at the same dosage and du-
ration as in our study, and compared our results to the pooled
published results. Pooled estimation from external compari-
son studies was weighted by the variance in each study. We
used one sample t tests to compare the results in our study to
pooled estimates.

Results

Demographic and baseline information

We recruited 36 subjects, including 20 subjects from
Hamilton and 16 from Windsor (Table 1). Subjects were
similar between the two sites, with mean (SD) age of 46 (8)

years old. The majorities were male, white, on ART, and had
viral load less than 50 copies per milliliter. Mean (SD) CD4 T-
lymphocyte count was 601 (291) cells/mm3. Subjects had
smoked an average of 29 (22) pack-years, with minimum 4
cigarettes per day and 23 (64%) having medium, high or very
high levels of nicotine dependence by FTND score. Thirty
(83%) subjects had previously quit smoking for more than 7
days with a mean (SD) of 2.3 (2.5) previous quit attempts.

Safety and tolerability

Incidence and severity of AEs. Twenty-eight (78%) sub-
jects reported AEs during the treatment period (Table 2). The
most frequently reported AE was nausea, reported by one
third of subjects including 2 (6%) who reported it as severe;
followed by abnormal dreams (31%); affect lability (irritabil-
ity, mood swing, agitation, or anger; 19%), and insomnia
(19%). Other AEs were generally reported as trivial, mild,
moderate, or marked. The incidence rate of abnormal dreams
was 29% (5/17) in those on efavirenz versus 32% (6/19) in
those not on efavirenz ( p = 1.000). No SAEs occurred during
the drug treatment period. A 61-year-old white man, who had
smoked for 45 years at 10 cigarettes a day, was diagnosed
with lung cancer at week 22. Because of the long latency of
lung cancer, we did not consider this event to be related to
varenicline.

Subjects’ responses to AEs and discontinuation of var-
enicline. Four (11.1%) subjects decreased their dose of var-
enicline because of AEs during the treatment period,
including 3 (8%) subjects with nausea. Only 1 subject com-
pleted the entire 12-week treatment at the decreased dose,
whereas the remaining 3 subjects discontinued varenicline
before week 12. Nine (25%) subjects took medications for AEs
during the treatment period, and 1 (3%) visited his doctor for
pneumonia as well as for a sleeping disorder. No subject was
hospitalized because of AEs. In total, 10 (28%) subjects dis-
continued varenicline before week 12, and 6 (17%) of these
discontinuations were due to AEs, including 4 (11%) cases of

Table 1. Demographic and Baseline Information

Total, n = 36 Hamilton, n = 20 Windsor, n = 16

Age, mean (SD) years 46 (8) 46 (7) 46 (9)
Male, n (%) 35 (97) 20 (100) 15 (94)
White, n (%) 33 (92) 19 (95) 14 (88)
Years living with HIV, mean (SD) 11 (7) 11 (7) 12 (7)
ART use, n (%) 31 (86) 15 (75) 16 (100)
CD4, mean (SD) cells/mm3 601 (291) 605 (295) 595 (297)
Suppressed viral load, n (%) 29 (81) 14 (70) 15 (94)
Log10 viral load if detectable, mean (SD) 3.92 (0.75) 3.85 (0.80) 4.31 (-)
Cigarettes per day, mean (SD) 19 (10) 18 (8) 20 (13)
Number of years smoked, mean (SD) 29 (8) 28 (7) 31 (10)
Pack-years of smoking, mean (SD) 29 (22) 25 (14) 34 (29)
FTND score, mean (SD) 5.4 (2.2) 5.7 (1.8) 5.1 (2.6)
Medium/high/very high FTND score, n (%) 23 (64) 14 (70) 9 (56)
Previous quit attempts of more than 7 days, mean (SD) 2.3 (2.5) 2.9 (2.5) 1.7 (2.3)

p values comparing two sites (not shown) were obtained by one-way analysis of variance (ANOVA) for continuous variables and by v2 test
for categorical variables. Fisher’s exact test was used if the number in any cell was less than 10. All p values were more than 0.05. Suppressed
viral load, viral load less than 50 copies per millilitre. FTND scores of 0–2 indicate very low nicotine dependence; 3–4, low; 5, medium; 6–7,
high; and 8–10, very high.24

SD, standard deviation; ART, anti-retroviral therapy; FTND, Fagerström Test for Nicotine Dependence.
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nausea, 1 (3%) of anger, and 1 (3%) of insomnia. Of these 10
subjects, 3 (8%) withdrew from the study.

We found seven published RCTs conducted in generally
healthy smokers, with at least one arm using varenicline
1.0 mg twice a day for 12 weeks, serving as our external
comparison studies.28–34 Incidence rates in overall AE and
nausea in our study were comparable to those in external
comparison studies (Table 3), however, we had a significantly
higher incidence rate of abnormal dreams (31% versus 9%,

p < 0.001) and a higher discontinuation rate (28% versus 13%,
p = 0.011).

CD4-positive T-lymphocyte count. CD4 counts increased
at week 24 by a mean (SE) of 69 (20) cells/mm3 ( p = 0.001,
Table 4). The change was neither associated with study site,
age, HIV infection category, smoking status or discontinua-
tion of varenicline before week 12, nor with suppressed viral
load or ART use.

Plasma HIV viral load. All 29 (80.6%) subjects with sup-
pressed viral load at baseline were still undetectable at each
clinical visit. In addition, 1 subject started ART after com-
pleting 12-week varenicline treatment and had undetectable
viral load at week 24. Log10 HIV viral load did not vary for 6
subjects who always had a detectable HIV viral load
throughout the study.

Other laboratory tests. The changes in white blood cell
(WBC) count, platelet count, and AST were not significantly
different during the study. For hemoglobin and creatinine,
although the changes were significantly different at some
visits, the changes were considered within normal range at all
visits. Mean (SD) baseline ALT was 32 (20) IU/L, the mean
(SE) change was significantly different at week 12 by 10 (4)
( p = 0.011) and at week 24 by 8 (3) IU/L ( p = 0.004), respec-
tively. All the ALT elevations were grade 1 at all follow-up
visits: mild elevation in 2 (6%) subjects at week 4, in 6 (17%)
subjects at week 12, and in 7 (19%) subjects at week 24, re-
spectively, versus at baseline when 4 (11%) subjects had mild
and 1 (3%) had moderate ALT elevations.

Blood pressure changes. Baseline mean (SD) blood
pressure was 123 (15)/76 (9) mm Hg. Systolic blood pressure
did not change significantly during the study, whereas dia-
stolic blood pressure increased by a mean (SE) of 6 (1) mm Hg
( p < 0.001) at week 12 and 4 (2) mmHg ( p = 0.049) at week 24,
respectively. Eight (22%) subjects had elevated diastolic blood
pressure resulting in hypertension, including 6 (17%) at week
12 and 4 (11%) at week 24. No grade 3/4 abnormality in di-
astolic blood pressure occurred.

Table 2. Adverse Events During Treatment (n = 36)

Total reported,
n (%)

Severe or
intolerable,

n (%)

Any AEs 28 (78) 12 (33)
Nausea 12 (33) 2 (6)
Abnormal dreams 11 (31) 2 (6)
Affect labilitya 7 (19) 3 (8)
Insomnia 7 (19) 2 (6)
Headache 5 (14) 2 (6)
Gastroesophageal reflux disease 4 (11) 2 (6)
Abdominal pain 4 (11) 1 (3)
Nightmares 3 (8) 2 (6)
Sleep disorder 3 (8) 1 (3)
Weight gain 3 (8) 1 (3)
Vomiting 3 (8) 0
Constipation 3 (8) 0
Taste perversion 3 (8) 0
Fatigue 3 (8) 0
Depressed mood 2 (6) 1 (3)
Smell perversion 2 (6) 1 (3)
Gas 2 (6) 0
Sweat 2 (6) 0
Increased appetite 1 (3) 1 (3)
Dry mouth 1 (3) 0
Dizziness 1 (3) 0
Hot flush 1 (3) 0
Muscle pain 1 (3) 0

aAffect lability, included irritability, mood swing, agitation, and
anger.

AEs, adverse events.

Table 3. Comparison of Varenicline Adverse Events and Effectiveness Rates % (95% CI)
Between the Current and Previously Published Studies

Study
Total

n
Any
AE Nausea

Abnormal
dreams Discontinuation

4W-CAR
weeks 9–12

CAR
weeks 9–24

Current study 36 78 (64, 91) 33 (18, 49) 31 (16, 46) 28 (13, 42) 42 (26, 58) 28 (13, 42)
Wang et al., 200928 165 77 (71, 83) 29 (22, 36) 4 (1, 7) 3 (0, 6) 50 (42, 58) 38 (31, 46)
Aubin et al., 200829 376 85 (81, 88) 37 (32, 42) 12 (8, 15) 17 (13, 21) 56 (51, 61) 32 (28, 37)
Nakamura et al., 200730 156 80 (74, 86) 24 (18, 31) — 8 (4, 13) 65 (57, 74) 38 (29, 46)
Tsai et al., 200731 126 87 (81, 92) 44 (35, 52) 6 (2, 10) — 60 (51, 68) 47 (38, 56)
Oncken et al., 200632 130 79 (72, 86) 35 (27, 43) 19 (13, 26) 23 (16, 31) 55 (46, 63) —
Jorenby et al., 200633 344 — 29 (25, 34) 13 (10, 17) 24 (20, 29) 44 (39, 49) 30 (25, 34)
Gonzales et al., 200634 352 79 (75, 83) 28 (23, 33) 10 (7, 14) 26 (21, 30) 44 (39, 49) 30 (25, 34)
Pooled studya 82 (80, 84) 32 (29, 34) 9 (8, 11) 13 (11, 14) 51 (49, 54) 33 (31, 36)
p value 0.545 0.819 < 0.001 0.011 0.248 0.495

aPooled study: studies 28–34, all of them were conducted in non-HIV generally healthy smokers, and only the arm using varenicline 1.0 mg
twice daily for 12 weeks was included. Estimations in pooled study were weighted by the variance in each study. p values were calculated by
one sample t-test, where the proportions in our study were compared to that in pooled study.

AE, adverse event; 4W-CAR, 4-week continuous abstinence rate; CAR, continuous abstinence rate.
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Weight changes. Subjects gained a significant amount of
weight by a mean (SE) of 1.7 (0.6) kg at week 12 ( p = 0.007) and
2.8 (0.7) kg at week 24 ( p < 0.001). Weight changes were not
associated with study site, or with smoking status.

Effectiveness

Continuous abstinence rates (CARs). Serum cotinine-
confirmed 4W-CAR (95% CI) through weeks 9–12 was 42%
(26%, 58%), and CAR through weeks 9–24 was 28% (13%,
42%; Table 3). Both abstinence rates were comparable to those
in previously published trials (Table 3).

Self-reported seven-day point prevalence (7D-PP) of
abstinence. The 7D-PP increased markedly to 39% in the
first 3 weeks, was 50% at week 12 and 42% at the end of study
at week 24 (Fig. 1). Twenty (56%) subjects quit for at least 7
days at least once during the 12-week treatment period and 23
(64%) subjects did so during the entire 24-week study.

Effect on daily cigarette consumption and FTND score.
Seventeen (47%) subjects never quit, although they cut down
significantly, with mean (SE) decrease of 11 (2), 7 (2), and 5 (2)
cigarettes per day at weeks 4, 12, and 24, respectively (Table
4). Those continuous smokers also had significantly decreased
FTND scores at each visit.

Effect on MNWS score. The changes in MNWS subscores
of negative affect, restlessness, and increased appetite were
not significantly different (Table 4). For insomnia, the change
was significant by week 12 only. For craving, the subscore
significantly decreased at each visit.

Discussion

In this study, we found that stable HIV-positive subjects
were able to take varenicline for 12 weeks. Side effects were

common but generally tolerable, and varenicline had no ad-
verse effects on HIV control. Indeed, CD4 T-lymphocyte
counts improved during the study. We had no direct com-
parison in our study; however, we compared our results with
that in HIV-negative generally healthy smokers from pub-
lished RCTs with one arm using varenicline 1.0 mg twice a
day for 12 weeks, and found our rates comparable in overall
incidence rates of any adverse events, and of nausea. How-
ever, the incidence rate of abnormal dreams was significantly
higher in our study, and our discontinuation rate was also
somewhat higher. While side effects were common, they were
not necessarily bothersome. AEs such as weight gain or ab-
normal dreams were desirable to some subjects. Conversely,
HIV-positive subjects are often questioned regarding abnor-
mal dreams as part of their routine HIV care since certain
commonly used HIV medications such as efavirenz fre-
quently cause abnormal dreams. Our study subjects might be
more aware of this side effect compared to HIV-negative
subjects, and HIV-infected smokers as a whole might re-
port more abnormal dreams than their HIV-negative coun-
terparts, reflecting potential ascertainment bias. However, in
HIV-infected smokers, we found no association between
self-reported abnormal dreams and the use of efavirenz,
indicating that varenicline itself is likely the cause of abnormal
dreams in HIV-positive subjects. The higher incidence of re-
ported abnormal dreams and the higher discontinuation rate
in our study suggest precautions for using varenicline in HIV-
infected smokers, and questioning about these side effects at
follow-up visits. In addition, a recent published meta-analysis
including 14 RCTs conducted in non-HIV smokers showed
varenicline was associated with an elevated odds ratio of 1.72
(95% CI: 1.09–2.71) for any ischemic or arrhythmic cardio-
vascular event.35 Given the existing concerns of ART-related
cardiovascular events,6,36,37 precautions and close monitor of
serious cardiovascular AEs are needed in HIV-infected
smokers using varenicline.

Table 4. Effects on Immune System, Fagerström Test for Nicotine Dependence Score, Minnesota Nicotine

Withdrawal Scale, and Daily Cigarette Consumption

Change,a mean (SE)

Variable Baseline, mean (SD) Week 4 Week 12 Week 24

CD4 count, cells/mm3, n = 36 601 (291) - 2 (22) 20 (23) 69 (20)b

Log10 viral load if detectable, n = 6 3.79 (0.73) - 0.20 (0.17) - 0.39 (0.25) - 0.64 (0.42)
FTDN score, n = 17 5.5 (2.3) - 3.1 (0.6)c - 1.6 (0.5)b - 2.1 (0.6)b

MNWS, n = 36
Negative affect 3.4 (3.3) - 0.4 (0.6) - 0.5 (0.7) 0.1 (0.7)
Insomnia 3.1 (2.7) - 0.2 (0.5) - 0.9 (0.4)d 0.4 (0.5)
Restlessness 1.2 (1.2) - 0.1 (0.2) - 0.2 (0.2) 0 (0.2)
Increased appetite 0.9 (1.2) 0.5 (0.2)d 0.3 (0.2) 0.2 (0.3)
Craving 2.6 (1.0) - 1.1 (0.2)c - 1.2 (0.3)c - 1.1 (0.2)c

Cigarettes per day, n = 17 19 (11) - 11 (2)c - 7 (2)b - 5 (2)d

aChange, calculated by comparing to baseline.
b p < 0.01.
c p < 0.001.
dp < 0.05.
FTND scores of 0–2 indicate very low nicotine dependence; 3–4, low; 5, medium; 6–7, high; and 8–10 very high.24 Negative affect includes

depressed mood, irritability/frustration/anger, anxiety/nervousness and difficulty concentrating, with subscore ranging 0–16; insomnia
includes difficulty going to sleep and staying asleep, with subscore ranging 0–8; restlessness ranging 0–4; increased appetite 0–4, and craving
0–4. In each subdomain, higher scores indicated more severe nicotine withdrawal symptoms.27

FTDN, Fagerström Test for Nicotine Dependence; MNWS, Minnesota Nicotine Withdrawal Scale; SD, standard deviation; SE, standard
error.
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Changes in laboratory tests and blood pressure verified
that varenicline generally was safe, without significant
changes or grade 3/4 abnormalities during the study in he-
moglobin, WBC, platelet, creatinine, AST, and systolic blood
pressure. However, we found mild ALT elevations during the
study. We also detected small but statistically significant
changes in diastolic blood pressure, which were not associ-
ated with weight change. On the other hand, in three external
comparison studies we used, only one case of ALT elevation
was reported respectively,28,30,31 and no significant change in
blood pressure was reported in any external comparison
study. Although inconclusive, due to limitations in our study,
our results suggest that HIV-positive patients taking vareni-
cline may benefit from monitoring of their liver enzymes and
blood pressure.

In addition to estimating AEs, we designed our study to
examine the safety and tolerability of varenicline in the con-
text of HIV infection. We detected no adverse effect of var-
enicline on HIV control. Viral loads did not change. However,
we found a statistically significant and clinically important
improvement in CD4 T-lymphocyte counts by week 24 of
follow-up. By comparison, a previous study showed that CD4
count significantly increased by 93–151 cells/mm3 within 6
months after highly active antiretroviral therapy initiation,
then slowed down to 22–36 cells/mm3 per year through the
first 4 years, and then leveled off.38 In this context, the CD4
increase in our study (69 cells/mm3 in 24 weeks) is potentially
important, and was not associated with either smoking status
or with use of ART. However, as this was not an anticipated
finding, it could be due to chance and must be interpreted
with caution. Nevertheless, larger cohort studies should ex-
amine the long-term effects of varenicline and of smoking
cessation on CD4 lymphocyte counts, as an immunologic
benefit would argue for an even greater emphasis on smoking
cessation in HIV care.

The serum cotinine-verified 4W-CAR through weeks 9–12
in our study was similar to the pooled estimate in the litera-
ture (Table 3), as well as the verified CAR through weeks 9–24.
The comparable efficacy of varenicline in our study is also

supported by the significantly decreased daily cigarette con-
sumption, FTND scores and MNWS craving subscores in our
study subjects (Table 4) and in the literature.33,34 However,
due to small sample size and lack of control group, the
effectiveness of varenicline in our study should be interpreted
with caution. Moreover, we enrolled daily smokers with more
than one cigarette per day, versus more than 10 cigarettes a
day in six external comparison studies28,30–34 and more than
15 cigarettes a day in one external comparison study.29 A
lower daily cigarette consumption is associated with higher
odds of quitting,39 although in our study neither the absti-
nence at week 12 or 24 was associated with baseline cigarettes
per day.

Our study has important limitations. We had a small
sample size in this open label, nonrandomized study. Thus,
we can provide estimates of side effects and of effectiveness,
but with fairly wide confidence intervals. We were not able to
differentiate AEs of varenicline from nicotine withdrawal
symptoms without a placebo control group. We studied only
stable subjects, who were not on antidepressant or antipsy-
chotic medication, with a high mean (SD) baseline CD4 count
of 601 (291) cells/mm3, and 81% of our subjects had unde-
tectable viral load. Thus, we cannot generalize to acutely ill or
to more severely immunocompromised HIV patients, or those
on treatment for mental illness, in whom side effects or effi-
cacy could be different. We only verified self-reported
smoking status at week 12, and could have slightly over-
estimated the effectiveness of varenicline. However, we clas-
sified all invalidated subjects as smokers when we calculated
4W-CAR through weeks 9–12 and CAR through weeks 9–24,
thereby minimizing any possible overestimation.

In summary, varenicline was as safe in HIV-infected
smokers as in HIV-negative smokers, although AEs were
common and occasionally resulted in drug cessation. Mon-
itoring of side effects such as nausea, abnormal dreams, and
cardiovascular AEs, clinical parameters such as liver en-
zymes, blood pressure, and weight are recommended until
there is a greater experience with varenicline in HIV-infected
patients. In addition, effectiveness of varenicline in this
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FIG. 1. Self-reported seven-day
point prevalence (7D-PP) of absti-
nence at each follow-up. 7D-PP
at each follow-up was defined as
the number of subjects who self-
reported to be continuously absti-
nent from smoking for the 7 days
preceding follow-up divided by the
total number of subjects who par-
ticipated in the study at baseline.
Weekly follow-up was taken during
12-week varenicline treatment pe-
riod and biweekly follow up was
taken during nontreatment period
until week 24.
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exploratory study was comparable to the HIV-negative
smokers from previously published trials. We conclude that
varenicline appears to be a safe and effective adjunct for
smoking cessation among HIV-infected patients, together
with appropriate counseling, and encourage further studies
to evaluate efficacy of varenicline and immunologic benefit
of smoking cessation on CD4 lymphocyte counts in this
vulnerable population.
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