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Abstract: This study examined whether the opioid receptor antagonist
naltrexone is efficacious in smoking cessation and whether sex mod-
erates the response. We assessed smoking quit rates and weight gain in a
double-blind randomized trial comparing oral naltrexone (n = 162) with
placebo (n = 154) in nicotine-dependent participants whowanted to quit
smoking. The medication was gradually titrated up to 50 mg during the
week before the quit date and then maintained at this dose for 12 weeks.
For the first 4 weeks after the quit date, all participants received a ni-
cotine patch to mitigate tobacco withdrawal and attended weekly in-
dividual cognitive-behavioral smoking cessation counseling sessions.
After this time, participants continued with naltrexone or placebo
through 12 weeks. Follow-up assessments were conducted at 26 and
52 weeks. During treatment, naltrexone (vs placebo) increased quit
rates, attenuated smoking urge, and reduced weight gain. At follow-up,
after medication discontinuation, the effect of naltrexone on improving
quit rates was no longer evident. Men and women experienced different
benefits from naltrexone; men showed greater reductions in smoking,
whereas women showed greater reductions in weight gain. In sum,
naltrexone showed acute efficacy in treating nicotine dependence, but
after the medication was discontinued, the effect on quit rate was not
maintained. Further study of naltrexone in smoking cessation treatment
and reduction of cessation-related weight gain, as well as preclinical
investigation of mechanisms underlying sex differences, is warranted.
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Currently, 20.6% of adults in the United States smoke
cigarettes and cigarette smoking continues to be the leading

preventable cause of death.1,2 The currently approved pharma-
cotherapies for tobacco dependence, including nicotine replace-
ment, bupropion, and varenicline, double or triple smoking

abstinence rates compared with placebo.3 Nevertheless, only a
minority of smokers who receive these pharmacotherapies are
able to quit smoking (ie, 19%Y33% quit rates at 6 months).3

Additional medications are needed to treat patients for whom
the existing treatments are ineffective or contraindicated.

Opioid receptors and ligands play an important role in
brain reward processes and modulate nicotine-induced dopa-
mine release in brain regions linked to addictive processes.4

There is preliminary evidence that naltrexone, a primarilyK-opioid
receptor antagonist approved for the treatment of both opioid
and alcohol dependence, may be efficacious for the treatment
of tobacco dependence, particularly in combination with the nic-
otine patch.5,6 It is likely that naltrexone and nicotine replace-
ment have complementary mechanisms of action, with the former
altering cigarette reward and reinforcement7 and the latter at-
tenuating tobacco withdrawal.8 However, not all studies support
the efficacy of naltrexone in smoking cessation, either alone9 or
to augment the effects of the nicotine patch.9,10 Indeed, Clinical
Practice Guidelines3 and the 2009 Cochrane Report11 concluded
that, based on limited data from 4 trials, it is not possible to draw
firm conclusions on whether naltrexone helps people quit smok-
ing and ‘‘data from larger trials of naltrexone are needed to settle
the question of efficacy for smoking cessation.’’11 The inconclu-
sive results may be due in part to methodological and dosage
differences across studies and individual variability including
sex differences. There is some evidence that naltrexone, admin-
istered along with short-term nicotine patch or alone, has greater
efficacy in women5,12,13 who historically show lower quit rates
than men do to nicotine replacement therapy.14,15 Although the
source of potential sex differences is unknown, differences
between men and women have been postulated for drug me-
tabolism, availability and sensitivity of opioid receptors and
their distribution, and the effects of sex and stress hormones to
opioid responsivity.16Y19

Another important problem in the treatment of nicotine
dependence is that smokers frequently gain weight when they
quit smoking, which can interfere with their willingness to
make a quit attempt.3 Nicotine increases metabolism and sup-
presses appetite,20 and many smokers report smoking cigarettes
in place of eating, including at the end of a meal.21 The weight
gain associated with quitting smoking may be particularly sa-
lient for women, as they exhibit significantly greater weight
concerns than men do22 and are more likely to discontinue a quit
attempt because of such concerns.23 Several currently approved
smoking cessation medications, including bupropion and the ni-
cotine gum and lozenge, have been shown to delay but not prevent
postcessation weight gain.3 Naltrexone might be particularly
important in this regard because brain opioid systems are
critically involved in food reward through hedonic and incen-
tive motivation circuits4,24 and opioid antagonists acutely alter
food pleasantness ratings and other appetitive aspects of eating
and binge eating behaviors.25 Interestingly, in 2 studies, smo-
kers treated with naltrexone for 4 to 6 weeks gained less weight
than those treated with placebo.5,6 The effect of naltrexone on
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weight gain over longer intervals is unknown, as the only study
thus far reporting weight at longer-term intervals used low-dose
naltrexone (25 mg daily) and showed directional but nonsig-
nificant weight gain reduction versus placebo at 6 months.9

Additional studies are needed to more fully address this question.
The present study compared the efficacy of oral naltrexone

(50 mg/d) to that of placebo in treating nicotine dependence.
The dosage was chosen as it is the US Food and Drug Admin-
istration (FDA)Yrecommended therapeutic dose for alcohol de-
pendence, its adverse effects are modest compared with higher
dosages,6 and it is sufficient to produce near-complete inhibi-
tion of brain K-opioid receptors.26 As opioid antagonists may
increase tobacco and narcotic-like withdrawal effects during
early smoking abstinence,27 and tobacco withdrawal usually
subsides during the first several weeks of cessation,28 an open-
label treatment with nicotine patch was included through the
first 4 weeks after the quit date. Given the dearth of clinical trial
research with naltrexone for smoking cessation, our main focus
was to examine the effects of naltrexone on smoking and weight
outcomes during a short-term treatment for 12 weeks after the
smoking quit date. This interval represents the longest period
examined to date at the 50-mg dose for nicotine dependence,7

the phase when relapse is most commonly observed, and the
duration recommended by the FDA for pharmacotherapies for
nicotine dependence. Patient adherence also usually remains
high for this period.

Our primary hypothesis was that naltrexone would increase
end-of-treatment smoking quit rates and decrease weight gain
associated with abstinence. On the basis of prior research,5,12,13

we also predicted that these effects would be more pronounced
in women than in men. Secondary analyses examined quit rates
after medication discontinuation, that is, at 26- and 52-week
follow-up. The strengths of this study compared to those of prior
studies include (1) a large sample size with adequate power to
detect medication effects, (2) a priori stratification for sex, and
(3) a 1-week dose titration before the quit date to reduce adverse
effects and to serve as a potential extinction period of cigarette
reinforcement.29

MATERIALS AND METHODS

Participants
Participants were enrolled at 3 sites within the Chicago

area, including the University of Chicago (n = 184), the Res-
piratory Health Association of Metropolitan Chicago (n = 82),
and the Howard Brown Health Center (n = 49). Internet, print,
and radio advertisements were used to recruit participants.
At the screening visit, eligible candidates gave their consent
after procedures and possible adverse effects were explained to
them. The protocol was approved by The University of Chicago
Institutional Review Board. The candidates then received a
physical and psychological examination (for details, see King
et al30). Subjects were eligible if they were 18 to 65 years old,
smoked 10 to 40 cigarettes daily for at least 2 years, had a body
mass index of 19 to 38 kg/m2, had a breath carbon monoxide
reading of at least 10 ppm, and a urinary Nicalert reading
greater than 500 ng/mL cotinine, confirming regular smoking.
Candidates were excluded if they had a past-year history of
a major medical or psychiatric disorder, substance dependence
(except nicotine) or a lifetime diagnosis of opioid abuse or
dependence, use of opioid or psychotropic medications, elevated
hepatic transaminase concentrations (92.5 times the reference
range), or were unable to read or write English. Breast-feeding
or pregnant women were excluded.

At the screening session, candidates completed surveys on
demographics, smoking, and substance use history. They also
completed a Fagerström Test for Nicotine Dependence31 and
underwent an interview on a modified version of the Structured
Clinical Interview for DSM-IV, nonpatient version.32

Procedures
Subjects were randomly assigned by computer to the 2

treatment conditions (naltrexone or placebo), stratified by sex.
Participants and study staff were blinded to treatment assign-
ment. The study included 10 study visits. The first 2 visits took
place during the 2 weeks before the quit date, the next 4 visits
were scheduled once weekly, and the last 4 visits were tapered
to every other week and concluded 12 weeks after quit date.
Follow-ups were conducted by telephone at 26 and 52 weeks
after the quit date, and those who reported smoking abstinence
were asked to attend an in-person visit to provide biochemical
confirmation.

The study visits included 20 to 30 minutes of completing
surveys and interviews with the research assistant and receiv-
ing the study medication(s). This assessment was followed up
a 45-minute behavioral counseling session (described later)
for the first 6 visits. Participants were compensated for com-
pleting study measures at different intervals during active
treatment; the total possible compensation including cash and
gift cards was $110, with a possible additional $40 gift card in a
random drawing at the end of treatment. For follow-up, the
compensation for the telephone interview was $30, and for
attending an in-person visit to verify abstinence, compensation
was $30 to $60 in gift cards from a random drawing.

Medication Conditions
Participants received tablets containing naltrexone hydro-

chloride or placebo (Mallinckrodt Pharmaceuticals, Hazelwood,
Mo) at the second visit, with instructions to take their first dose
the next morning, 6 days before the quit date. The first naltrex-
one dose was 12.5 mg, the next 2 doses were 25 mg daily, and
the fourth dose was 50 mg daily, which was continued through
the quit date and the subsequent 12 weeks. Treatment with
transdermal nicotine patch (Nicoderm CQ; GlaxoSmithKline,
London, UK) was initiated on the quit date and continued daily
at 21 mg/d for the first 2 weeks, followed by 14 mg daily for the
third week, and 7mg daily for the fourth week. The rationale for
the short duration of patch in this study was to mimic the
median duration of over-the-counter nicotine replacement for
most smokers33 and to reduce narcotic-like withdrawal symp-
toms that may occur with opioid receptor antagonists during
early smoking abstinence.27 Decisions on tablet and patch re-
ductions or discontinuation were determined by the study physi-
cian and participant on an individual basis; participants were
encouraged to continue in counseling and research follow-up irre-
spective of whether they chose to continue pharmacotherapies.

Group assignment and early naltrexone compliance were
verified via urine samples obtained on the morning of the quit
date. Participants were instructed to collect these samples upon
awakening, that is, after their first void and ingestion of their
tablet. They collected a 3-hour urine sample in a container
provided to them, as well as a saliva sample at 90 minutes as
a backup for the urine sample. The concentrations of naltrex-
one and its major metabolite, 6-A-naltrexol were measured
using the Immunalysis Naltrexone Direct ELISA Kit (Immu-
nalysis Corporation, Pomona, Calif ) and confirmed by gas
chromatographyYmass spectrometry (Agilent Technologies, Santa
Clara, Calif ).
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Counseling
A master’s- or doctoral-level clinician conducted six

45-minute, semistructured, individual behavioral therapy ses-
sions with the participant. Clinicians used a standardized treat-
ment developed by A.K. (Courage to Quit)5,34 and were trained
and supervised by A.K. This psychosocial treatment is based on
evidence-based interventions3 and includes cognitive-behavioral,
motivational, and 12-step addiction techniques. Participants at-
tended a mean (SD) of 5.5 (1.3) of the 6 counseling sessions, and
this did not differ by group or sex.

Assessments
At each study visit, participants underwent weight mea-

surement, a breath test for carbon monoxide, and a Timeline
Follow Back interview35 to quantify daily cigarette use and
tablet and patch adherence and returned unused medications.
Weight was measured by the research assistant with a digital
medical scale (Tanita, Tokyo, Japan), and weight values were
not shared with the participant to reduce undue stress. The Brief
Questionnaire of Smoking Urges36 and the Beck Depression
Inventory37 were also administered at each visit. In addition,
during the first 6 visits, the participant completed a 15-item
scale assessing opioid antagonist and nicotine patch adverse
effects to assess if each effect was experienced in the past week
and, if so, whether it was rated as mild or severe.

At 26 and 52 weeks after the quit date, the participant
completed a telephone follow-up that included a Timeline Follow
Back of daily cigarette use for the preceding 4 weeks and an
assessment of medical and psychological conditions. Subjects
who reported being smoke-free in the past 7 days were asked

to attend an in-person visit for carbon monoxide verification.
Follow-up rates were high and did not differ by group or sex
(telephone follow-up at 26 weeks, 99% completion in both
groups; at 52 weeks, 98% placebo vs 96% naltrexone; in-person
follow-up of abstainers at 26 weeks, 95% vs 89%, respectively;
at 52 weeks, 92% vs 88%). Carbon monoxide verification was
also high, as only 3 participants at 26 weeks and 2 partici-
pants at 52 weeks did not provide a breath test despite repeated
attempts by research staff to facilitate this brief test at a con-
venient location; as per study protocol, they were classified as
relapsed to smoking.

Statistical Analyses
Baseline demographic and smoking characteristics were

compared by group and sex using analysis of variance or lo-
gistic regression. Adherence was computed as the total pro-
portion of dispensed tablets and patches that were reported
taken at each visit. Participants who dropped out were con-
servatively classified as relapsed to their baseline smoking
level on the day of their dropout. Similar to O’Malley et al,6

a missed visit was coded as abstinent if the 2 surrounding visits
were verified as abstinent and 2% of the datawas imputed based
on this procedure. From the Timeline Follow Back with bio-
chemical verification (carbon monoxide G10 ppm), quit status
was defined two ways, as both lapse-allowed and as prolonged
abstinence. Lapse-allowed abstinence was defined as not
smoking even a puff for seven days in a row or on one day in
each of two consecutive weeks and prolonged abstinence was
defined as not smoking even a puff of a cigarette allowing
for a 1-week grace period.38 Using lower carbon monoxide

TABLE 1. Baseline Demographic and Smoking Characteristics

Variable

Placebo Naltrexone

Men (n = 71) Women (n = 83) Men (n = 76) Women (n = 85)

Age, mean (SD), y 40.6* (11.0) 44.3 (10.0) 38.2* (11.3) 44.1 (12.0)
Education (years completed), mean (SD) 15.1 (1.7) 15.0 (2.7) 15.4 (2.6) 14.8 (2.8)
Hollingshead index, mean (SD) 46.4 (13.5) 46.6 (12.8) 46.3 (14.8) 45.6 (13.8)
Body mass index, mean (SD), kg/m2 26.7 (4.2) 27.1 (4.6) 26.9 (4.4) 27.3 (4.6)
Drinks per week in current drinkers,* mean (SD) 8.6 (9.3) 5.1 (9.1) 7.7 (7.8) 3.8 (3.7)
Cigarettes per day, mean (SD) 21.7† (7.6) 19.1 (5.5) 19.0 (5.2) 19.2 (5.5)
Age of smoking initiation, mean (SD) 15.0 (3.4) 14.8 (3.6) 15.2 (3.5) 15.2 (4.6)
Carbon monoxide level, mean (SD), ppm 24.8 (15.2) 24.0 (10.9) 23.0 (10.5) 21.3 (11.1)
Nicotine dependence (FTND), mean (SD) 5.5 (1.7) 5.3 (1.8) 4.8 (1.7) 5.3 (1.8)
Smoking urge (BQSU), mean (SD) 28.5 (11.8) 28.7 (11.4) 29.9 (9.9) 30.9 (11.6)
No. past quit attempts (912 h), mean (SD) 4.4 (5.1) 3.8 (6.4) 5.5 (13.9) 3.8 (3.7)
Beck Depression Inventory, mean (SD) 4.7 (4.8) 4.1 (4.5) 3.6 (4.0) 3.4 (3.4)
Race, n (%)
Caucasian 46 (64.8) 47 (56.6) 44 (57.9) 44 (51.8)
African American 22 (31) 30 (36.2) 20 (26.3) 38 (44.7)
Asian 1 (1.4) 1 (1.2) 5 (6.6) 1 (1.2)
More than 1 race/other 2 (2.8) 5 (6) 7 (9.2) 2 (2.3)

Ethnicity (non-Hispanic), n (%) 67 (94.4) 80 (96.4) 73 (96.1) 83 (97.6)
Married or living with partner, n (%) 25 (35) 25 (33) 28 (34) 24 (28)
Sexual preference for opposite sex, n (%) 60 (85.7) 76 (91.6) 61 (81.3) 78 (91.8)
Current alcohol drinker, n (%) 60 (87) 71 (90) 69 (93) 72 (86)

Current alcohol drinker defined as consuming at least one drink in past six months.

*Drinks per week were analyzed taking into account the participants’ body water estimates.

†Sex difference, P G 0.05.

BQSU indicates Brief Questionnaire of Smoking Urges; FTND, Fagerström Test of Nicotine Dependence.
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verification levels (ie, 5 ppm)39 did not affect results and only
changed 1 participant’s end-of-treatment quit status classifi-
cation for either criteria. Kaplan-Meier survival curves were
estimated in the groups, and quit rates during treatment were
analyzed by a Wilcoxon (Breslow) test that gave more weight
to early failures.

Secondary analyses of other smoking outcomes included
time to first cigarette, number of cigarettes smoked weekly
throughout the treatment, and smoking urge ratings. These
secondary outcomes complemented the main quit rate out-
comes and enabled a more complete picture of overall smoking-
related behaviors. The t tests were used to examine time to first
cigarette (in the 77% of participants who smoked at least
1 cigarette throughout the trial) and weight gain. Generalized
estimating equation40 models were used to compare groups
over time on the weekly number of cigarettes smoked and
smoking urge. Because of data skewness, the weekly numbers of
cigarettes data were log transformed for analysis. Finally, lo-
gistic regression analyses were conducted on long-term quit
rates at weeks 26 and 52.

RESULTS

Enrollment and Subject Characteristics
Participants were enrolled from June 15, 2006, to March

12, 2009, with follow-ups completed by April 19, 2010.
The Supplementary Figure A (Supplemental Digital Content 1,
http://links.lww.com/JCP/A140) depicts the flow of partici-
pants. The intent-to-treat sample included the 315 participants
(94% of those initially enrolled) who ingested at least the
first dose of study medication on the day after the second visit.
The 12-week completion rates did not differ by group (placebo,
115/154 participants [75%]; naltrexone, 123/161 participants
[76%]). Self-reported tablet and patch adherence was greater
than 75%, and there were no treatment group or sex differences.
Most participants complied with urine and/or saliva collection
on the quit date (placebo, 94%; naltrexone, 91%). Confirming
group assignment, 100% of placebo-treated participants were
negative and 96% of naltrexone-treated participants were positive
for naltrexone or 6-A-naltrexol levels.

Table 1 depicts the baseline characteristics of participants.
The sample was racially diverse, with 57%whites, 35%African
Americans, and 8% of other races. The groups did not differ
on the main sociodemographic characteristics, except that men
were younger than women were; therefore, analyses examining
sex differences included age as a covariate.

Tolerability and Adverse Events
Naltrexone increased ratings for 2 of the fifteen adverse

effects examined during the first week (Supplementary Table A,
Supplemental Digital Content 2, http://links.lww.com/JCP/A141).
These effects were nausea (48% naltrexone and 23% placebo,
P G 0.01) and light-headedness/dizzy (53% naltrexone and 34%
placebo, P G 0.05). By the fourth week, the differences between
treatment groups were no longer apparent. Also, for both groups,
when adverse effects were present, most participants (975%) rated
them as mild. There were no sex differences in adverse effects
ratings. Because nausea has been the most commonly reported
naltrexone adverse effect, we repeated the analyses of main out-
comes presented in this section by covarying for nausea, and
results did not change. There were 2 serious adverse events re-
ported in each group during active treatment (naltrexone: benign
brain mass, suicidal ideation remitting in 2 days with recurrence;
placebo: lung cancer, motor vehicle collision).

Quit Rates
For the overall sample, survival analysis revealed that com-

pared with placebo, naltrexone significantly improved lapse-
allowed quit rates over the course of the 12 weeks of treatment
(W21 = 4.30, P G 0.05; Fig. 1). Naltrexone also improved quit
rates by the more stringent prolonged abstinence criteria (W2 =
3.6, df = 1, P = 0.057). In addition, naltrexone delayed time to
first cigarette (21.0 days for naltrexone and 15.2 days for pla-
cebo; t242 = 2.24, P G 0.05) and reduced the number of cigarettes
smoked during active treatment (A[SE] = j0.02[0.01], P = 0.05).

Weight Gain
Naltrexone significantly reduced the amount of weight

gained at the end of treatment for the whole sample regardless of
quit status, with a mean T SEM of 3.42 T 0.53 lb gained in the
naltrexone group compared with 5.29 T 0.52 lb gained in the
placebo group (t219 = 2.52, P G 0.05). Among the approximately
one third of participants who were abstainers at the end of
treatment, naltrexone also significantly reduced weight gain,
with a mean T SEM of 4.98 T 0.75 lb gained in those treated with
naltrexone compared with 7.31 T 0.71 lb gained in those treated
with placebo (t106 = 2.23, P G 0.05).

Sex Differences
Analyses comparing the sexes revealed that naltrexone

improved end of treatment prolonged abstinence quit rates and
reduced number of cigarettes smoked in men but not in women
(P G 0.05; Table 2). In contrast, naltrexone reduced the amount
of weight gained at the end of treatment in women but not in
men (Table 2). The latter was observed for both the whole
sample and in the subgroup of abstainers only (A [SE] = 0.14
[0.07], P = 0.04).

Smoking Urge and Depressive Symptoms
Although both groups showed decreases in smoking urge

scores through treatment, the reductions were larger in the nal-
trexone group, with an average Brief Questionnaire of Smoking
Urge scale score decrease of 13.6 T 1.17 points in the naltrexone

FIGURE 1. Survival curve: Kaplan-Meier survival functions for
naltrexone (solid line) and placebo (dotted line) groups. The
naltrexone group had significantly better survival (not smoking
for seven days on a row and not smoking in one day on each of two
consecutiveweeks) than the placebogroup (Wilcoxon-Breslow test).
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group compared with 9.58 T 1.39 points in the placebo group
(A [SE] = j4.37 [2.05], P G 0.05). Because current major de-
pressionwas an exclusion criterion in the study, most participants
had nonYclinically significant baseline Beck Depression Inven-
tory scores (Table 1); scores decreased further through treatment,
with average ratings through treatment of 2.45 T 0.37 in the
naltrexone group compared with 2.78 T 0.35 in the placebo group
(A [SE] = 0.50 [0.57], P = 0.38). Therewere nomain effects of sex
or interactions of sex with medication on these outcomes.

Follow-Up Period
Analysis of 7-day point prevalence abstinence at follow-up

showed that naltrexone and placebo groups did not differ either
at 26 weeks (26% quit rate in both groups) or at 52 weeks (17%
naltrexone vs 23% placebo quit rate). Quit rates during follow-
up did not differ by sex. There were 10 serious adverse events
reported during follow-up, 5 in each group (placebo: cancerous
lung mass surgery [same participant as during treatment], pro-
lapsed rectum, glaucoma surgery, pneumonia, and kidney failure;
naltrexone: brain mass surgery [same participant as during treat-
ment], pneumonia [2 participants], appendectomy, and pancreatitis).

DISCUSSION
In the current study, naltrexone produced several beneficial

effects in the treatment of nicotine dependence. For the whole
sample, naltrexone improved quit rates, increased time to first
cigarette, reduced cigarettes smoked and smoking urge ratings,
and lessened the amount of weight gained. Once the medication
was discontinued, the smoking quit rate benefit of naltrexonewas
no longer present at follow up. When the end-of-treatment results
were analyzed by sex, men showed greater naltrexone-related
improvement in quit rates and reduction in smoking, whereas
women showed a lessening in weight gain (ie, 50% weight gain
reduction).

Weight gain is common during smoking cessation3 and
may be a more salient issue for women smokers given their
body dissatisfaction and concerns about gaining weight with
cessation.22 Indeed, weight gain after cessation is paradoxically
a negative consequence of quitting, as it may add to the already
high obesity rates in the United States,41 where it is second only
to tobacco as a leading cause of death in this country.42 The

endogenous opioid system represents a compelling neurobio-
logical target for weight problems because opioid peptides
are involved in hedonic effects of eating and opioid receptor
antagonists suppress food consumption in binge eaters.43 Why
men were less sensitive than women were on the effects of nal-
trexone on weight gain is unclear, but it is possible that there
are sex differences in opioid reward pathways for eating beha-
viors or behavioral processes of food intake. Although the results
support the use of 50 mg of oral naltrexone to reduce post-
cessation weight gain,5,6 particularly for women,19 larger studies
and over longer intervals are needed to draw conclusions on
longer-term effects.

The benefits of naltrexone on smoking in menversuswomen
cannot be explained by study adherence because the sexes did
not differ on tablet or patch compliance or the number of
sessions attended. Men’s greater sensitivity to naltrexone on
smoking quit rates is similar to the results of a large multisite
study26 with injectable naltrexone showing that men had lower
alcohol relapse rates than women did and is also consistent
with prior results showing mens’ reductions in heavy drinking
with targeted oral naltrexone.44 However, no sex differences with
naltrexone in alcoholics were reported in another study .45 In our
preliminary smoking cessation trial,4 we did not observe that
men were more sensitive to naltrexone on quit rates, but that trial
had a small sample size and the duration of medication treatment
was only 8 weeks. Although the benefits of naltrexone on men’s
smoking behaviors were observed during active treatment, this
was no longer apparent after discontinuation of medication
through the 1 year of follow-up. This finding suggests that
longer-term treatment, gradual dosage reduction, or targeted
treatment may be necessary for extended relapse prevention.44 In
addition, naltrexone reduction in the number of cigarettes
smoked during treatment suggests that it may be of value as a
smoking reduction agent, particularly for patients who are re-
luctant to set a goal of abstinence. However, such harm reduction
strategies should be pursued cautiously because no safe level of
smoking has been identified.

The possible biobehavioral mechanisms that may account
for the observed sex differences in outcomes with naltrexone
may in part be due to the varying levels of sex steroids, including
estrogen phase, which can alter K-opioid receptor availability, sex
differences in responses based on polymorphisms of OPRM1
(which encodes theK-opioid receptor) and other gene variants, and

TABLE 2. Quit Rates, Cigarettes Smoked Weekly, and Weight Gain at the End of
Treatment (12 Weeks)

Outcome

Men Women

Interaction Term PNaltrexone Placebo Naltrexone Placebo

Quit rate, n (%) 30% (23/76) 17% (12/71) 20% (17/85) 28% (23/83) Med � Sex 0.027
OR (CI) = 3.33 (1.14 to 9.71)

Cigarettes smoked weekly, mean (SE) 31.8 (5.43) 49.5 (6.73) 38.8 (5.14) 37.7 (5.48) Med � Sex � Time G0.001
A (CI) = j0.11 (j0.16 to 0.05)

Weight gain, lb, mean (SE) 4.79 (0.78) 5.58 (0.78) 2.26 (0.68) 5.08 (0.69) Med � Sex � Time 0.020
A (CI) = 0.20 (0.03 to 0.38)

Quit rate is based on prolonged abstinence criteria (not smoking even 1 puff of a cigarette allowing a 1-week grace period).

Cigarettes smoked weekly (after log transformation) and weight gain were analyzed by generalized estimating equations. Time includes each week
during the 12 week of active treatment.

All analyses controlled for age.

A (CI): coefficients and 95% confidence interval for the medication � sex or medication � sex � time interaction term in regression models for
weight gain
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differential striatal dopamine release in men and women.19,46Y48

Women show less reinforcement directly through nicotine when
smoking and more from nonnicotine or exteroceptive factors
such as cues, emotional stimuli, and social support.15,49 There-
fore, they may present with a more complex clinical picture when
treated for nicotine dependence. Others have suggested that
women smokers may need supplemental treatments or other
novel approaches to augment smoking outcomes.15 On the basis
of the current study, naltrexone reduction in women’s weight
gain may represent a new adjunct pharmacological strategy to
facilitate more quit attempts for them through lessening their
concerns and experience of cessation-related weight gain.

The strengths of the current study included the recruitment
of a large and diverse sample of smokers, high completion and
retention rates, and the inclusion of both quit rates and weight
gain as outcomes. However, there were also several limitations,
including the use of only 1 dosage of naltrexone and open-label
nicotine patch for the first 4 weeks and reduced statistical power
for effects in abstainers over follow-up. Although this study is
the largest to date examining smokers’ response to 50 mg of
naltrexone daily (ie, the FDA-approved dose for opioid and al-
cohol dependencies), optimal dosing remains an empirical ques-
tion because there are mixed findings at the 25-mg dose6,10 and
greater efficacy but more adverse effects and drop-outs from
treatment at the 100-mg dose.6 In nicotine replacement, we chose
a shorter interval than listed by patch manufacturers because
the goal was to mitigate early withdrawal-like effects27 and to re-
flect the duration of actual patch use by most consumers, which
has been shown to be beneficial.33 Further research to examine
drug interactions with specific treatment elements (eg, patch,
counseling) may be warranted in dismantling studies, and ex-
tended treatment with 50 mg of naltrexone may be important
as long as adherence can be maintained for longer intervals,
which can be problematic.

In conclusion, the addition of 50 mg of oral naltrexone
was well tolerated and may be efficacious for the treatment of
nicotine dependence at least during the interval when medi-
cation is administered. Several interesting sex differences were
apparent for naltrexone effects on quit rates and weight gain
and require further research. As most smokers fail even with the
most effective approved pharmacotherapies for nicotine de-
pendence, a closer examination of naltrexone augmentation for
smoking cessation treatment is warranted.
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