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The authors evaluated the efficacy of fluoxetine hydrochloride (Prozac; Eli Lilly and Company,
Indianapolis, IN) as an adjunct to behavioral treatment for smoking cessation. Sixteen sites randomized
989 smokers to 3 dose conditions: 10 weeks of placebo, 30 mg, or 60 mg fluoxetine per day. Smokers
received 9 sessions of individualized cognitive–behavioral therapy, and biologically verified 7-day
self-reported abstinence follow-ups were conducted at 1, 3, and 6 months posttreatment. Analyses
assuming missing data counted as smoking observed no treatment difference in outcomes. Pattern-
mixture analysis that estimates treatment effects in the presence of missing data observed enhanced quit
rates associated with both the 60-mg and 30-mg doses. Results support a modest, short-term effect of
fluoxetine on smoking cessation and consideration of alternative models for handling missing data.

Every year, cigarette smoking takes an estimated 430,000
U.S. lives. Nevertheless, 25.3% of men and 21.0% of women
continue to smoke (Centers for Disease Control, 1999). A
majority of smokers express a desire to quit but find quitting

very difficult (Centers for Disease Control, 1994; Russell,
1994).

A few drugs that were originally marketed as antidepressants
have proved to be helpful quit-smoking aids. Most notably, a
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sustained-release form of bupropion has been found to enhance
cessation rates sufficiently to become the first Food and Drug
Association-approved nonnicotine cessation aid. One-year vali-
dated cessation rates in a double-blind, placebo-controlled trial
were 11% higher for bupropion than for placebo (23% vs. 12%;
Hurt et al., 1997). Bupropion acts primarily through dopaminergic
and noradrenergic mechanisms. Nortriptyline, another antidepres-
sant that has demonstrated efficacy for smoking cessation (Hall et
al., 1998; Prochazka et al., 1998), shares bupropion’s cat-
echolaminergic actions. In addition, nortriptyline has serotonergic
effects similar to but less potent than those of the selective sero-
tonin reuptake inhibitor (SSRIs) antidepressants.

SSRIs and releasing agents have been tested for efficacy in
smoking cessation in several small clinical trials. In depressed
alcoholic participants, the SSRI fluoxetine decreased the number
of cigarettes smoked (Cornelius, Perkins, Salloum, Thase, & Moss,
1999; Cornelius et al., 1997), but other studies did not note any
decreases in smoking among nondepressed alcoholics (Naranjo,
Kadlec, Sanhueza, Woodley-Remus, & Sellers, 1990; Sellers,
Naranjo, & Kadlec, 1987). However, participants in these studies
were not making an effort to quit. Double-blind, placebo-
controlled trials in which the serotonin precursor (L-tryptophan),
SSRI (fluoxetine), or releaser (dexfenfluramine) were given to
promote smoking cessation and suppress participant weight gain
after quitting detected a slight enhancement of cessation rates
ranging from 5% to 28% (Bowen, Spring, & Fox, 1991; Spring,
Bowen, Wurtman, Pingitore, & Kessler, 1993; Spring, Pingitore,
& Kessler, 1992; Spring, Wurtman, Gleason, Wurtman, & Kessler,
1991; Spring et al., 1995). In those studies, dosages of 30 and 40
mg fluoxetine yielded quit rates comparable with placebo,
whereas 60 mg produced a 13% increase in cessation. The addition
of a lower dose (20 mg/day) of fluoxetine did not increase cessa-
tion rates over the nicotine inhaler alone, although confidence
intervals were wide (Blondal et al., 1999). A study comparing the
effects of sertraline versus placebo on smoking cessation among
smokers with a past history of depression found no statistically
significant differences, although effects were greater for the active
compared with the placebo conditions at 6-month follow-up
(Covey, Glassman, Stetner, & Rivelli, 2000). Finally, adding par-
oxetine to the nicotine patch increased short-term (4 weeks) ces-
sation rates, but differences were no longer observed at 10- and
26-week follow-up (Killen et al., 2000).

We report here on a multicenter, randomized, and double-blind,
placebo-controlled trial of fluoxetine for smoking cessation. A
sample of 989 cigarette smokers were assigned to one of two doses
of fluoxetine (30 or 60 mg) or placebo, concurrent with receiving
cognitive–behavioral therapy, to test for dose-dependent effects.
We hypothesized that both fluoxetine doses would promote smok-
ing cessation more effectively than placebo and that a dose–
response relationship would emerge. A 30-mg dose was studied
because it approximates the 20–40-mg dosage range of fluoxetine
that is customarily used to treat depression. Substantial evidence
has established that the presence of depressive symptoms before
and during a quit attempt decreases the likelihood of successful
cessation (Anda et al., 1990; Covey, Glassman, & Stetner, 1990;
Glassman, Stetner, Walsh, & et al., 1988; Glassman, 1993;
Hughes, 1992; Kendler et al., 1993; Rausch, Nichinson, Lamke, &
Matloff, 1990; West, Hajek, & Belcher, 1989; Zelman, Brandon,
Jorenby, & Baker, 1992).

A 60-mg dose was studied because dosages of 60–80 mg have
been found effective in treating other forms of compulsive behav-
ior, including alcohol abuse (Goldbloom & Olmsted, 1993; Jimer-
son, Lesem, Kaye, & Brewerton, 1992; Piccinelli, Pini, Bellan-
tuono, & Wilkinson, 1995; Wood, 1993). The higher dosage
required to affect compulsive behavior, as compared with depres-
sion, has been attributed to the need to correct metabolic dysfunc-
tion in the orbital prefrontal cortex (Schwartz, Stoessel, Baxter,
Martin, & Phelps, 1996). It has been reported that high-dose
chronic fluoxetine is required to cause down regulation of autore-
ceptors and serotonin release in the orbitofrontal cortex, whereas
low-dose fluoxetine is ineffective (Ducharme, Bouchard, & Blier,
1996).

A task force of the Society for Research on Nicotine and
Tobacco recently recommended improvements in data analysis for
clinical trials of smoking treatments (Hall et al., 2001). The group
was critical of the most widely used analytic strategy, which
involves comparing the proportion abstinent in each treatment at
each timepoint and assuming that missing data counted as smok-
ing. Although that approach has the advantage of familiarity to
investigators and ease of computation, it also presents many dis-
advantages. One drawback is that it assumes a perfect correlation
between missingness and smoking status, thus artificially reducing
the variance in the smoking status variable (to the extent that the
correlation is not perfect). Additionally, the amount of data in-
cluded in the missing-counted-as-smoking analysis is greater than
the amount actually collected, thereby also reducing the observed
variance in the smoking status variable. Artificially reducing the
variance in smoking status yields statistical tests that are artifi-
cially too powerful, thus leading to overrejection of the null
hypothesis. Finally, if treatment groups differ in the amount of
missing data, this approach can also produce biased treatment
comparisons. For example, if more missing data were present in
the control than the experimental group, recoding missing to
smoking would yield group comparisons favoring the experimen-
tal group (again, to the extent that the correlation between miss-
ingness and smoking status is less than the assumed perfect cor-
relation). Thus, the widely held assumption that equating missing
data with smoking represents a conservative (i.e., in terms of not
rejecting the null hypothesis) approach to data analysis is not
necessarily true. For these reasons, the Society for Research on
Nicotine and Tobacco Task Force recommended alternative ap-
proaches that do not assume that missing counted as smoking and
that permit modeling of change in smoking status over time. Here
we report the use of one such longitudinal approach, pattern-
mixture analysis, which makes it possible to directly evaluate the
degree to which treatment effects, including the Treatment � Time
interaction, are affected by missing data. We compared the effects
of fluoxetine on smoking cessation by longitudinal pattern-mixture
analysis with cross-sectional analysis of the proportions at each
time point made assuming that missing data counted as smoking.

In sum, the goals of this research were twofold. The first aim
was to explore the dose–response effect of fluoxetine on smoking
cessation. The second aim was to compare the outcomes of two
different approaches with modeling missing data. One approach
(missing data counted as smoking) has traditionally been consid-
ered the most conservative but more recently has been criticized as
biased. The other (pattern mixture) represents a newly emerging
and innovative approach to handling missing data.
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Method

Participants

Participants enrolled in a double-blind, placebo-controlled multicenter
trial investigating the effect of fluoxetine on smoking cessation. Partici-
pants were recruited by local radio, television, and print ads. The study was
presented as an investigation of the efficacy of fluoxetine for smoking
cessation. Sixteen sites screened a total of 1,137 participants, of whom 989
met eligibility criteria and were randomized. Entry criteria required that
participants be 18–65 years old, have smoked daily for at least 1 year,
exhibit a baseline breath carbon monoxide level greater than 8 ppm, agree
to declare a quit date within 2 weeks after their second study visit, and read
and sign an informed consent form. Study procedures and the consent form
were reviewed and approved by institutional review boards at each study
site. Exclusion criteria were a Hamilton Depression Rating Scale (Endicott,
Cohen, Nee, Fleiss, & Sarantakos, 1981; Hamilton, 1960) score greater
than 14; pregnancy; hypertension; use of psychotropic medication or
current psychiatric illness; alcohol or drug abuse in the past year; current
use of nicotine replacement; unstable medical condition or major health
event in the past 6 months; use of smokeless tobacco, pipes, or cigars;
recent experience of a major “life event” (e.g., divorce, major job change);
suicidal ideation; and history of bipolar disorder.

A majority of participants were women (60.5%), and the average age
was 41.7 years (SD � 9.3). The ethnic composition of the sample
was 94.9% Caucasian, 4.0% African American, 0.3% Hispanic, 0.4%
Asian, and 0.4% other ethnicity. At study entry, the average participant had
smoked for 23.7 years (SD � 9.3) and smoked 27.6 cigarettes per day
(SD � 11.2). Enrollees were moderately dependent on cigarettes, as
indicated by a mean score of 6.4 (SD � 1.9) on the Fagerstrom Tolerance
Questionnaire (Fagerstrom, 1978). The entry cotinine level averaged 284
ng/mL (SD � 178), and mean baseline carbon monoxide level was 24 ppm
(SD � 11).

Procedure

After an initial screening period, participants underwent a physical
examination, chest X-ray, blood tests (complete blood chemistry and
differential), and medical history. Candidates fulfilling eligibility criteria
were randomly assigned to the placebo (n � 333), 30-mg (n � 328), or
60-mg (n � 328) conditions. At Visit 1, participants began the first of nine
sessions of individual cognitive–behavioral treatment aimed at achieving
and maintaining smoking cessation by the development of coping skills,
stimulus control techniques, and relapse prevention. Each session lasted
between 60 and 90 min. There was a treatment manual that outlined
therapist and participant tasks and homework assignments for each visit.
The therapists were doctoral-level staff who received standardized training
in the cognitive–behavioral protocol during a prestudy investigator meet-
ing. Treatment fidelity was ensured by prestudy training and by use of the
treatment manual, which contained a checklist for each session. The
checklist had to be completed by the clinician after each visit. Weekly local
group supervision of therapy sessions included review of therapist session
checklists and notes. The 10-week double-blind medication treatment
phase began at Visit 2 (approximately 2 weeks prior to quit day) and
continued through visits representing treatment Sessions 3–9 (2 weeks
prior to quit day, and Days 1–3 postquit and Weeks 1, 2, 4, 6, and 8
postquit day, with the final visit representing end of treatment). During the
medication phase, participants received either study medication or placebo
and were instructed to take one capsule every morning. At Visit 2, partic-
ipants were also required to set a quit date by Visit 4 (1–3 days after at
least 14 days on medication). Participants were required to pay a $25
deposit that was refunded at their last visit noncontingent on completion of
the study or smoking status.

The final phase of the study was a 6-month no-drug follow-up period,
which began after end of treatment (8 weeks after quit day and 10 weeks

after starting medication) and included only those participants who
were abstinent at Visit 9, as verified by saliva cotinine (see Smoking
status section). Follow-up Visits 10 –13 were 12, 16, 24, and 32 weeks
following quit day (or 4, 8, 16, and 26 weeks following end of
treatment).

Measures

Smoking status. Smoking status was assessed at each visit. To be
considered abstinent, participants were required to meet all three of the
following criteria: (a) self-report of no smoking in the past 7 days, (b)
carbon monoxide less than 8 ppm, and (c) saliva cotinine concentration less
than 20 ng/mL (Cummings & Richard, 1988). Saliva cotinine samples were
analyzed by SciCor Laboratory (Indianapolis, IN).

Treatment-emergent adverse events. Treatment-emergent adverse
events were defined as conditions that were not present at baseline but
appeared during the study or as conditions present at baseline that in-
creased in severity during the study. Treatment-emergent adverse events
were assessed by participant interview at each visit.

Reason for discontinuation was assessed at the end of the enrollee’s
participation in the study. Medication and behavioral treatment finished
at Visit 9 (8 weeks postquit day), but participants may have terminated
the study early for personal reasons or because of adverse events.
Alternatively, they may have progressed through the end-of-treatment
protocol and, if they were smoke free at end of treatment, continued on
through the off-drug follow-up phase. Participants who were not absti-
nent at the end of treatment were not entered into the follow-up phase
because it was assumed that they continued to smoke. If discontinuation
occurred prior to end of treatment, blood, urine, and saliva were
collected for laboratory and cotinine analyses. At the time of discon-
tinuation, study medication was retrieved, and the participant received
an exit physical examination.

Approach to Data Analysis

Baseline smoking history and sociodemographic variables were com-
pared across conditions with one-way analyses of variance for continu-
ously scaled variables and chi-square tests for differences between propor-
tions for categorical variables. Incidence of treatment-emergent side effects
and rates of treatment discontinuation were compared across treatment
conditions using chi-square tests.

The primary outcome variable was biochemically verified smoking
status at each treatment visit following quit day. Smoking status was
analyzed using two approaches. The first approach consisted of chi-square
tests for cross-sectional differences in the proportion of participants absti-
nent between conditions at each assessment interval. Logistic regression
analyses of the same data were also performed allowing for the inclusion
of covariates such as treatment site, gender, and Fagerstrom score. For
these analyses, participants with missing data were counted as smokers at
the intervals at which data were missing. This follows what has heretofore
been standard procedure for intention-to-treat analyses. It has long been
supposed that the missing-counted-as-smoking assumption implements a
generally true, conservative strategy. It has also been assumed that even if
the assumption is untrue, it biases outcome against the experimental
treatment by reducing differences between experimental and control treat-
ments. However, it is now recognized that the missing-data-counted-as-
smoking assumption can lead to unpredictable and inaccurate estimates of
treatment effects to the degree that missingness and smoking are not
perfectly correlated as assumed (Hall et al., 2001). Consequently, we also
used an alternative statistical method, a longitudinal pattern-mixture anal-
ysis (Hedeker & Gibbons, 1997; Hedeker & Rose, 2000; Little, 1995) that
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provides more accurate estimates of treatment effects in the instance of
missing data.1

In the pattern-mixture approach, the effects of missing data patterns are
included as explanatory variables in the longitudinal model of the repeated
dichotomous smoking cessation outcomes. For example, participants might
simply be classified into two patterns: those with complete versus those
with incomplete smoking data across time. This subject-level variable and
interactions with this variable are then included in the analysis to assess
their influence on the longitudinally observed smoking outcomes. In this
way, the influence of missing data on the study results is specifically
examined rather than simply ignored. Because the pattern-mixture ap-
proach divides participants into missing-data groups (e.g., complete vs.
incomplete data across time), it can be applied within any longitudinal data
analysis model that allows incomplete data across time. Here, we embed-
ded the pattern-mixture approach within a mixed-effects logistic regression
model for longitudinal dichotomous data. Mixed-effects models have be-
come increasingly used for analysis of longitudinal data (Verbeke &
Molenberghs, 2000), and because our outcome is dichotomous (smoking:
yes–no), we utilized the logistic regression version of the mixed-effects
model. Finally, because smokers at the end of treatment were not allowed
into the 6-month follow-up phase of the study, the pattern-mixture analysis
was performed only on data available during the treatment phase of the
study; the analysis could not be extended to the follow-up phase because
this design limitation resulted in sparseness of data that precluded reliable
model estimation. However, we conducted a survival analysis on time to
relapse according to treatment condition for those participants who were
abstinent at the end of treatment and who were followed during the next 6
months.

Results

Baseline Smoking History and Demographic
Characteristics

As Table 1 shows, smokers randomized to the different treat-
ment conditions showed no significant differences on age, number
of years smoking, nicotine dependence, number of cigarettes
smoked, carbon monoxide level, and cotinine level.

Adverse Events and Reasons for Discontinuation

Table 2 shows the incidence of treatment-emergent adverse
events reported by at least 10% of participants and for which there
was a statistically significant treatment difference ( p � .05).
Treatment-emergent side effects were in the expected direction

and generally appeared to be linearly dose dependent. Participants
in the high-dose condition reported more adverse events than did
participants in the placebo condition, and participants in the low-
dose condition reported an intermediate number of side effects (see
Table 2). Compared with participants in the placebo condition,
participants treated with fluoxetine reported more amblyopia
(dimness of sight), anorexia, gastrointestinal disorders, nausea,
palpitations, somnolence, abnormal thinking, tremor, and yawn-
ing. Fluoxetine treatment was also associated with decreased
constipation.

Compared with participants in the active-dose conditions, par-
ticipants who received a placebo were more likely to discontinue
treatment because of perceived lack of efficacy and participant
decision not otherwise specified (Table 3). There was a dose-
dependent relationship for discontinuation due to adverse events,
with higher dose fluoxetine associated with higher rates of discon-
tinuation in that category. However, there was no evidence of
overall differential dropout in terms of either loss to follow-up or
total discontinuations, which included discontinuation because of
smoking at the final treatment visit.

Cessation Outcomes

In the first set of analyses, the primary outcome variable, bio-
chemically verified abstinence from smoking (yes or no) at each
treatment visit following quit day, was analyzed cross-sectionally
using chi-square tests for differences between proportions. Missing
data were assumed to equal smoking in these initial analyses.

1 In addition to the pattern-mixture approach, missing data can be
handled through a variety of other methods including data imputation
methods and selection models. The appropriate use of various methods
depends to a large degree on the pattern of missing data (e.g., missing
completely at random, missing at random, nonignorable nonresponse).
Discussion of these various approaches is beyond the scope of this article,
and the reader is referred to a recent article by Hall et al. (2001), which
discusses these issues in greater detail in relation to analysis of longitudinal
smoking cessation outcomes in clinical trials.

Table 1
Baseline Demographic and Smoking Variable Means and
Standard Deviations by Condition

Variable
Placebo

(n � 333)
30 mg

(n � 328)
60 mg

(n � 328)

% female 61 63 58
M and SD

Age 41.4 9.6 41.6 9.1 42.1 9.4
CO level (ppm) 24.0 10.8 25.2 10.2 24.0 10.4
Fagerstrom 6.5 2.0 6.5 1.8 6.3 1.8
Cigs/day 26.8 11.0 27.9 11.1 28.2 11.7
No. of years smoking 23.4 9.6 23.6 9.1 24.3 9.3
Cotinine level (ng/mL) 289 179 312 180 294 171

Note. All comparisons of variables by condition were nonsignificant.
CO � carbon monoxide; Cigs � cigarettes.

Table 2
Treatment-Emergent Signs and Symptoms by Condition

Event classification

Placebo
(n � 333)

30 mg
(n � 328)

60 mg
(n � 328)

n % n % n %

Amblyopia 1 0.3 4 1.2 11 13.4
Anorexia 11 3.3 19 5.8 33 10.1
Constipation 38 11.4 27 8.2 20 6.1
Gastrointestinal disorder 8 2.4 12 3.7 21 6.4
Nausea 45 13.5 87 26.5 104 31.7
Palpitation 4 1.2 12 3.7 15 4.6
Somnolence 29 8.7 55 16.8 77 23.5
Sweating 10 3.0 41 12.5 35 10.7
Thinking abnormal 45 13.5 45 13.7 64 19.5
Tremor 13 3.9 32 9.8 62 18.9
Yawn 2 0.6 22 6.7 47 14.3

Note. Conditions used were reported by at least 10% of the participants
and had statistically significant condition differences ( p � .05 as indicated
by a chi-square test).
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Table 4 presents the results in the top section. In general, there is
little evidence for differentiation among the treatment conditions at
any assessment interval, and there appears to be a steady decline in
the proportion abstinent over time, which also does not appear to
be influenced by treatment. Analyses of outcomes at each time-
point with logistic regression, and including covariates such as
site,2 gender, and Fagerstrom score, showed no differences com-
pared with the results of the chi-square analyses.

The second approach used a longitudinal perspective on the
repeated smoking outcomes assessed during the treatment phase of
the study; specifically, we used a mixed-effects logistic regression
model implemented in the MIXOR software program (Hedeker &
Gibbons, 1996). Mixed-effects models have become increasingly
used for analysis of longitudinal data (Verbeke & Mohlenberghs,
2000), and because our outcome is dichotomous (smoking: yes–
no), we used the logistic regression version of the mixed-effects
model. In this approach, the dependency in the data due to the
repeated assessment of participants over time is accounted for by
including (random) subject effects in the model that indicate the
influence of each subject on the outcome data. The subject effects
are random because the study participants represent a sample from
a larger population of participants. A primary advantage of mixed-
effects models for longitudinal data is that they allow participants
with incomplete data across time to be included in the analysis.
The assumption of the mixed model is that that the missing
outcomes are “ignorable” after accounting for a participant’s ob-
served data (Laird, 1988). Essentially, this means that a partici-
pant’s missing outcome data are assumed to be statistically well-
represented by their observed outcome data (in addition to any
model covariates like treatment group and time). Because the
plausibility of this assumption is difficult to ascertain (because the
data are missing), we further examined the influence of missing
data using a pattern-mixture approach (Hedeker & Gibbons, 1997;
Little, 1995) as applied to our mixed-effects model. For this,
participants were first divided into groups according to their pat-
tern of missing data across time. After inspection of the patterns of
missing visits, participants could be most efficiently grouped into
two broad categories: (a) completers (those who attended all of the
treatment visits, including the end-of-treatment visit prior to the
follow-up phase; n � 570) and (b) noncompleters (those who

dropped out of treatment prior to the end-of-treatment; n � 289).
Thus, the pattern-mixture mixed-effects logistic regression model
of the repeated dichotomous smoking-cessation outcomes includes
main effects for the missing data pattern, time, and treatment
condition, followed by all two- and three-way interaction effects.
In this way, we are not assuming perfect correlation of missingness
and smoking (as does missing data counted as smoking), nor are
we assuming that the missing data are ignorable (as in the ordinary
mixed-effects logistic regression model), but instead we are going
further and allowing the effect of the missing data pattern to be
estimated and controlled. Additionally, estimates of the primary
model effects (i.e., treatment condition, time, and their interaction)
can be obtained by averaging across the missing-data patterns if
there are no interactions with completer status. The pattern-
mixture model therefore accommodates missing data, which is
inevitable in most clinical trials, and it has the advantage of
modeling and controlling for the effect of missing data on the
effects of interest. The influence of treatment site was controlled
for by including site as a series of dummy variables in the analysis
(i.e., 15 dummy variables representing differences between the 16
sites).

Of the 989 participants, 130 provided no smoking status data at
any of the postquit date treatment and follow-up visits (Visits 5 to
13) and so were not able to be included in the longitudinal analysis
because they had no longitudinal data. However, we needed to
verify that the 130 excluded participants would not introduce bias
in the subsequent analyses. First, we examined the frequency
distribution of those excluded according to treatment condition.
These 130 individuals represented approximately equal percent-
ages in all three intervention groups (13%, 12%, and 14% for the
placebo, 30-mg, and 60-mg groups, respectively). We also exam-
ined whether the subject characteristics of those excluded differed
according to treatment condition. In terms of variables assessed at
baseline (see Table 1 for list), there were (a) no differences by
included/excluded Status � Treatment condition; (b) no interac-
tion effects between those included and those excluded and treat-
ment condition on these variables, and (c) significant group dif-
ferences on certain variables between those included and those
excluded. Compared with those participants whose outcome data
were included in subsequent analyses, those excluded because of
insufficient longitudinal data had higher Fagerstrom scores ( p �
.01), higher CO levels ( p � .05), smoked more cigarettes/day
( p � .01), smoked for fewer years ( p � .01), and were younger
( p � .01). Therefore, we concluded that excluding data by neces-
sity (noninformativeness) for the 130 participants was not likely to
have any material influence on the treatment-related findings de-
rived from subsequent analyses. It is also important to note that by
excluding the 130 participants, the groups may no longer have
remained truly randomized if they differed on some unknown,
unmeasured variable.

The incomplete treatment phase data section and the complete
treatment phase data section of Table 4 present the proportion quit
by time according to treatment condition and missing-data group
(completer vs. noncompleter). From the pattern-mixture analysis,
three sets of results pertaining to treatment completers and non-

2 A list of the 16 sites along with site-specific enrollment and drop-out
rates by treatment condition is available on request from Raymond Niaura.

Table 3
Reasons for Discontinuation According to Treatment Condition

Reason

Placebo
(n � 333)

30 mg
(n � 328)

60 mg
(n � 328)

n % n % n %

Lack of efficacya 29 8.7 15 4.6 16 4.9
Lost to follow-up 13 3.9 16 4.9 22 6.7
Patient decisiona 67 20.1 48 14.6 39 11.9
Adverse eventa 16 4.8 51 15.5 80 24.4
Satisfactory response 4 1.2 2 0.6 0 0.0
Smoking at end of

treatment 136 40.8 132 40.2 112 34.1
Total discontinued 265 79.6 264 80.5 269 82.0

a Significant difference between groups at the p � .05 level, as indicated by
a chi-square test. However, note there is no significant overall differential
discontinuation according to treatment condition.
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completers are presented in Table 5: (a) the overall pattern-mixture
model estimates for all participants introducing effects for com-
pleter status, its interaction with treatment, and the interactions
between completer status, treatment, and time (note: the first six
estimates [Pattern-mixture columns] characterize completers,
whereas the next six estimates [Noncompleters columns] indicate
deviations attributable to noncompleters); (b) estimates of treat-
ment and time main effects, as well as their interactions, for
participants with incomplete data based on the pattern-mixture
model (note: these are obtained by adding the completer estimates
with the estimates of the deviations attributable to noncompleters);
and (c) results averaging across completers and noncompleters
based on the pattern-mixture model (note: these are obtained as
weighted averages of the completer and noncompleter estimates,
the weight simply equaling the sample proportion of completers
and noncompleters, respectively). Note that treatment effects were
defined a priori as two contrasts: One compares the effect of
placebo versus 30 mg fluoxetine, and the second compares the
effect of placebo versus 60 mg fluoxetine.

The pattern-mixture analysis shows several results worth noting.
First, the pattern-mixture effects for drug, time, and their interac-
tions are to be interpreted as are those for completers. The main
effect for noncompleter status and the interaction of Noncompleter
Status � Time were both significant indicating, as expected, that
noncompleters are more likely to be smokers and that their rate of

return to smoking is steeper compared with participants who
complied with the protocol and provided complete data. However,
because there are no significant three-way interactions of Drug �
Noncompleter Status � Time, the averaged results across both
completers and noncompleters can be interpreted (Table 5). The
results for completers, noncompleters, and the averaged results are
described in the paragraphs that follow.

Among the study completers, the placebo group increased
smoking over time (z � 0.27/0.06 � 4.67, p � .01). The low-dose
drug group did not differ significantly from the placebo group in
terms of either Visit 5 (1 week postquit day) smoking or the trend
across time in smoking (Table 4, complete treatment phase data).
At Visit 5, the high-dose drug group showed less smoking than the
placebo group (z � �0.85/0.41 � �2.06, p � .04) and this
difference increased over time (z � �1.90/0.08 � �2.28, p �
.03).

Among the study noncompleters, the placebo group increased
smoking over time (z � 1.63/0.403 � 3.99, p � .01; Table 4,
incomplete treatment phase data). Neither the low- or high-dose
groups differed from the placebo group at Visit 5; however, the
low-dose group showed significantly less smoking over time than
the placebo group (z � �0.94/0.46 � 2.03, p � .05).

When results were averaged across completers and noncom-
pleters, the placebo group showed increased smoking over time
(z � 0.58/0.26 � 2.28, p � .03). Both drug groups significantly

Table 4
Proportion Quit � Time (7-Day Point Prevalence)

Condition

Week postquit day

MPPb1 2 4 6 8a 12 16 24 32

Missing data � smoking (n � 989)

Placebo .39 .36 .29 .27 .26 .25 .26 .19 .18 .10
30 mg .43 .41 .38* .34 .32 .27 .25 .20 .16 .10
60 mg .45 .39 .38* .35 .33 .29 .23 .19 .15 .10

Incomplete treatment phase datac

Placebo .25 .18 .09 .04
30 mg .29 .24 .18 .19
60 mg .29 .23 .18 .11

Complete treatment phase datad

Placebo .54 .55 .46 .45 .44
30 mg .59 .60 .60* .58* .54*
60 mg .67* .62 63* .64* .62*

Averaged resultse

Placebo .45 .46 .39 .40 .44
30 mg .49 .50 .51* .53* .54*
60 mg .53 .50 .51* .57* .62*

End-of-treatment abstainersf

Placebo .92 .96 .90 .91
30 mg .83 .84* .91 .83
60 mg .85 .80* .81 .86

a End of treatment. b Multiple point prevalence (MPP) denoting verified abstinence at the 26-week follow-up
and at all preceding intervals. c ns � 289, 222, 163, and 80, respectively. d ns � 570, 570, 568, 558, and 570,
respectively. e ns � 859, 792, 731, 638, and 570, respectively. f ns � 281, 256, 210, and 180, respectively.
* Different than placebo at p � .05 by chi-square test.

892 NIAURA ET AL.



decreased smoking relative to the placebo group over time (low
dose: z � �0.41/0.17 � �2.43, p � .02; high dose: z � �0.40/
0.17 � �2.41, p � .02).

The results presented in Table 5 controlled for site effects, but
for ease of presentation, the parameter estimates for the site effects
are not shown. Effects were similar whether or not site was
included as a covariate in the analysis. We also included as
covariates in separate models gender, nicotine dependence score
(Fagerstrom Tolerance Questionnaire), and their interactions with
treatment condition. None of the main effects or interactions was
significant. Therefore, we excluded these variables from the final
model.

Participants with missing data during scheduled treatment visits
were not assumed to be smokers on those occasions. However, on
the basis of study protocol, participants who were smokers at the
last treatment visit were excluded from further participation in the
follow-up phase because it was assumed they were smoking. We
therefore conducted a survival analysis (Cox regression) on time to
relapse (smoking in the past 7 days) for those participants who
were abstinent at end of treatment. Time to relapse was calculated
as the interval between the end-of-treatment visit and the
follow-up visit at which smoking was reported. Data were cen-
sored at time of subsequent loss to follow-up or at the end of the
follow-up interval for those who completed all follow-up assess-
ments and remained abstinent. Site effects were also included in
this analysis as covariates. Results showed that both drug groups
have an increased risk of relapse relative to the placebo group
(Tables 6 and 7).

Discussion

Pattern-mixture analysis offered a more informative character-
ization of fluoxetine’s short-term effect on smoking cessation.

Unlike the traditional approach that counts missing as smoking,
pattern mixture enabled us to model the effects of missing data on
cessation outcomes during treatment, test Treatment � Time in-
teractions, and determine whether treatment effects were consis-
tent across different patterns of missing data. If we focus on the
results of the pattern-mixture analysis, this study provides evi-
dence that, compared with placebo, fluoxetine confers a signifi-
cant, short-term benefit in terms of smoking cessation. This is
illustrated most clearly when examining data from participants
who completed treatment and results averaged across completers
and noncompleters (Table 4). The pattern of missing data (i.e.,
whether participants dropped out before the end of treatment) did
not apparently affect the results—although, predictably, dropping
out was associated with a greater likelihood of being a smoker. It
should be noted, however, that the pattern-mixture analyses cannot
show whether the short-term effects of fluoxetine on cessation
were maintained because not all participants were followed after
the end of treatment. Of note, however, is the finding that, among
those abstinent at the end of treatment, there was a significantly
higher relapse rate among those who had been treated with fluox-
etine at either dose compared with placebo. It would be interesting
to know whether relapse to smoking among those who attained
abstinence while on fluoxetine is related to unwanted effects, like

Table 5
Longitudinal Analysis for Intratreatment Sessions: Mixed-Effects Pattern-Mixture Logistic
Regression Results (n � 859)

Condition

Pattern mixture Noncompleters Averaged results

Est. SE p � Est. SE p � Est. SE p �

Intercept �0.40 .27 .14 2.53 .54 .01 0.58 .26 .03
Time 0.27 .06 .01 1.63 .40 .01 0.73 .14 .01
Drug 1 (30 mg vs. placebo) �0.52 .40 .21 �0.45 .72 .54 �0.49 .36 .18
Drug 2 (60 mg vs. placebo) �0.85 .41 .04 �0.31 .71 .66 �0.67 .36 .07
Drug 1 � Time �0.14 .09 .14 �0.94 .46 .05 �0.41 .17 .02
Drug 2 � Time �0.19 .08 .03 �0.83 .47 .08 �0.40 .17 .02
Noncompleter 2.93 .62 .01
Noncompleter � Time 1.35 .41 .01
Noncompleter � Drug 1 0.07 .83 .94
Noncompleter � Drug 2 0.54 .83 .52
Noncompleter � Drug 1 �

Time �0.81 .47 .09
Noncompleter � Drug 2 �

Time �0.64 .48 .19

Note. Time is coded 0–4, representing Treatment Sessions 5–9 (Weeks 1, 2, 4, 6, and 8 postquit day, with the
final visit representing end of treatment). Smoking outcomes are coded as 0 � not smoking and 1 � smoking.
Noncompleter is coded as 0 � present at end of treatment (n � 570) and 1 � missing at end of treatment (n �
289). Dummy-coded site variables were also included in the analysis (not shown in the table) to account and
adjust for possible site differences. Random subject effects were included in the analysis (not shown in the table)
to account for the repeated measurements obtained from participants. Time, drug, and Time � Drug interaction
effects in the pattern mixture analysis were equivalent to those for study completers. Est. � parameter estimate.

Table 6
Comparison of Drugs 1 and 2 by Estimated Parameter (Est.),
Standard Error, and Probability

Contrast Est. SE p

Drug 1 (30 mg vs. placebo) .580 .291 .05
Drug 2 (60 mg vs. placebo) .698 .279 .05
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weight gain, that have been observed to occur after ex-smokers
discontinue use of serotonergic agents (Spring et al., 1991, 1995).

Results of analyses that assumed missing data count as smoking
can be interpreted as providing little to no evidence of efficacy of
fluoxetine for smoking cessation either in the short- or in the
long-term. These results contrast with the somewhat more opti-
mistic findings obtained by the pattern-mixture analysis, at least
for the short-term outcome. This presents a quandary for research-
ers who rely on studies to present definitive conclusions regarding
the efficacy of a particular treatment. For reasons outlined previ-
ously and discussed elsewhere (Hall et al., 2001), we are inclined
to reject the argument that missing data counted as smoking is the
most conservative approach to analysis of smoking cessation out-
comes in randomized clinical trials. The results of the pattern-
mixture analysis are much more informative insofar as the effects
of missing data can be formally modeled and can include tests of
interactions with treatment and time. However, in this instance,
even though results are more encouraging, there is insufficient
evidence, in our opinion, to consider fluoxetine as either a first- or
even a second-line treatment for smoking cessation. The results do
suggest, however, that there may be reason to pursue testing the
efficacy of SSRIs for certain subgroups of smokers, given the
positive short-term findings. For those who adhere to a traditional
standard, however, the results may suggest abandoning this line of
investigation entirely.

Interpretation of the potential for therapeutic efficacy of fluox-
etine must also be tempered by data on reasons for discontinuation
and adverse events. Results for side effects and reasons for dis-
continuation are consistent with those seen in fluoxetine trials for
other indications (Goldstein et al., 1994; Levine, Enas, & Thomp-
son, 1989). Although rates of treatment completion did not differ
between groups, discontinuation due to adverse events demon-
strated a dose-dependent increase, and the rates of discontinuation
due to adverse events at the 60-mg dose were quite high (e.g.,
greater than 25%), for example, compared with those seen for
bupropion (less than 5%; Hurt et al., 1997). Thus, clinicians who
choose to treat smokers with fluoxetine, especially at relatively
high doses, should be prepared to encounter increased incidence of
side effects and adverse events and will need to weigh these risks
against possible clinical benefits.

The results of this study must also be evaluated in light of
recent clinical trials for smoking cessation with other antide-
pressant agents. Hurt et al. (1997) demonstrated a linear dose-
dependent increase in quit rates at 6 weeks and 3 months when

comparing three doses of bupropion (120 mg, 150 mg, 300 mg)
with placebo. At 6 months and 1 year, however, the two higher
doses produced similar quit rates, both of which were signifi-
cantly greater than those seen in the placebo condition
(e.g., 27.5% and 26.9% vs. 15.7% for 300 mg, 150 mg, and
placebo, respectively, at 6 months). Hall et al. (1998) demon-
strated a significant improvement in smokers treated with nor-
triptyline over smokers treated with placebo in 6- and 12-month
quit rates (e.g., approximately 50% vs. 30% same-day point-
prevalence abstinence for nortriptyline vs. placebo, respec-
tively, at 6 months). Prochazka et al. (1998) reported a 6-month
cessation rate of 14% versus 3% for smokers treated with
nortriptyline versus placebo. In the present study, 6-month
point-prevalence quit rates for participants who completed the
treatment phase were 18%, 16%, and 18% for the 60-mg,
30-mg, and placebo conditions, respectively, assuming missing
data counted as smoking. It is difficult to evaluate the compar-
ative efficacy of the different antidepressant compounds across
trials because of, among other factors, varying definitions of
abstinence, varying types and duration of behavioral treatment,
different placebo cessation rates, and whether dropouts were
counted as smokers or not. However, compared with the anti-
depressant compounds tested in other trials, fluoxetine appears
to have produced a smaller relative difference versus placebo.

Evidence indicates that three pharmacologically distinct com-
pounds originally marketed for their antidepressant properties have
similar, but not identical, effects on smoking. When combined
with behavioral treatment, bupropion, nortriptyline, and fluoxetine
all increase the likelihood of smoking cessation, although the
relative effect of the first two compounds compared with placebo
appears to be substantially greater than fluoxetine’s. One possible
way to interpret these findings is to propose that, with respect to
antismoking impact, fluoxetine is functionally a weaker version of
the other two compounds because it lacks significant dopaminergic
action. According to this explanation, the serotonergic action of
fluoxetine supplies a modest antismoking effect that is shared by
nortriptyline and possibly also by bupropion. However, the cat-
echolaminergic and particularly the dopaminergic action of the
other two compounds may convey a more powerful antismoking
action that fluoxetine lacks.

Another possible explanation is that fluoxetine exerts its anti-
smoking effect differently and at least partially by its antidepres-
sant action. Notably, neither history of depression nor current
symptoms of depression (as measured by the Beck Depression
Inventory) has been found to predict differential response to bu-
propion (Hayford et al., 1999). Similarly, Hall et al. (1998) found
that history of depression failed to moderate the effect of nortrip-
tyline on smoking cessation, although there was some suggestion
that nortriptyline-induced alleviation of negative affect was related
to abstinence, but only in the subset of smokers without a history
of major depression. Findings for fluoxetine have been different,
however. In analyses of subsets of smokers from this and related
studies, we found that the presence of low-grade, subclinical
symptoms of depression defined a subgroup of smokers who
responded especially favorably to fluoxetine treatment (Hitsman et
al., 1999; Niaura et al., 1995). Heightened responsiveness of
depression-prone smokers to fluoxetine, and the absence of such
selective response to bupropion or nortriptyline, occurred even
though smokers in all of these trials were excluded if they were

Table 7
Time-to-Relapse Analysis for Post-End-of-Treatment Follow-Up:
Cox Regression Results (End-of-Treatment Abstainers, n � 281)

Group n Relapsed Censored Relapse rate

Placebo 82 20 62 24%
30 mg 98 35 63 36%
60 mg 101 39 62 39%

Note. Relapse times coded as 1–4, representing Follow-Up Visits 10–13
(Weeks 12, 16, 24, and 32 following quit day or Weeks 4, 8, 16, and 26
following end of treatment). Dummy-coded site variables were also in-
cluded in the analysis (not shown in the table) to account and adjust for
possible site differences. Outcomes coded as 0 � censor and 1 � relapse.
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clinically depressed. In this study, however, fluoxetine was not
differentially effective for women versus men or for high- versus
low-dependence smokers.

Several strengths and limitations of this study should be men-
tioned. This was a large, multicenter, randomized, double-blind
clinical trial that evaluated effects of two doses of fluoxetine for
smoking cessation among a sample of nicotine dependent, heavy
smokers. Groups were equivalent at baseline on key sociodemo-
graphic and smoking related variables. Advanced statistical tech-
niques were used to analyze the data, permitting accommodation
for missing data, and more efficient use of available information.
Moreover, we were able to evaluate and control for the effects of
missing-data patterns on cessation outcomes. Site effects were also
controlled in the analyses and did not materially affect the results.
Among the limitations are failure to include process-to-outcome
measures (e.g., changes in depressive symptoms, craving, coping
behavior), which may have shed light on the mechanisms respon-
sible for fluoxetine’s short-term efficacy at high doses. Also, our
pattern-mixture analysis only included those participants who pro-
vided smoking data at one postquit date visit at least. Thus, the 130
participants who were randomized to treatment but provided no
postquit date smoking data were not included. These participants
were equally represented in the three treatment groups, so the
treatment-related comparisons of our pattern-mixture analysis are
unlikely to be biased; however, the absolute quit rates may be
inflated. The reported abstinent rates for completers and noncom-
pleters in Table 4 also may generalize only to the subset of
smokers who stay in treatment at least until after quit day. Another
limitation of our use of the pattern-mixture approach is that we
combined many patterns of missing data into a single noncompl-
eter group. However, the sample size and relatively low rates of
abstinence among these noncompleters did not support finer divi-
sions within this group. The study was also limited by the design
feature in which smokers at the end of treatment were excluded
from follow-up, necessitating a loss of information. Yet another
limitation, common to most clinical trials of this nature, is the
highly select nature of the sample in terms of high levels of
motivation to quit and generally good physical and mental health.
It is unknown to what degree the results of this study would
generalize to other populations of smokers, especially those inter-
ested in trying to quit with no or minimal additional assistance. It
should also be noted that the adjunctive behavioral treatment was
quite intense in frequency and duration, and it is unknown to what
degree behavioral treatment may have interacted with the pharma-
cologic treatment. For example, intense behavioral treatment,
which is a powerful intervention in its own right (Fiore et al.,
2000), may have decreased the opportunity to observe larger
differences between the drug conditions had a less intensive be-
havioral adjunct been used.

In summary, this study provides support for a modest, short-
term effect of high-dose fluoxetine on smoking cessation. Use of
fluoxetine must be weighed against a high incidence of side
effects. Research efforts are warranted to compare the relative
efficacy of different antidepressant agents as adjuncts to standard-
ized behavioral smoking cessation treatment. Efforts are also
needed to define subgroups of smokers who may benefit more
from fluoxetine’s effects.
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