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ABSTRACT

 

Aims

 

Smoking cessation treatment trials often require that smokers quit on or
before a protocol-defined date. The goals of  this paper were to: (1) identify fac-
tors associated with adherence to a protocol-defined quit date and (2) determine
whether such adherence predicts cessation outcome (relapse).

 

Design

 

A quasi-experimental secondary analysis of  data collected from a ran-
domized placebo-controlled trial of  fluoxetine (60 mg or 30 mg) versus placebo
for smoking cessation.

 

Setting and participants

 

Clinic-based smoking cessation treatment program
comprising 989 non-depressed smokers.

 

Intervention

 

Participants received cognitive behavioral therapy for smoking
cessation and either study medication or placebo for 10 weeks. They were
required to set a quit date within 2 weeks of  their second study visit (by visit 4).

 

Findings

 

Significant predictors of  quit date adherence were low nicotine
dependence and active drug treatment. High-dose fluoxetine (60 mg) and male
gender were protective against relapse. Adherence to quit date was not an inde-
pendent predictor of  relapse; instead there was a significant interaction between
quit date adherence and gender. Among non-adherers to the quit date, women
were more than 2.5 times as likely as men to relapse; among adherers to the quit
date, women were only 1.3 times as likely as men to relapse.

 

Conclusions

 

Although women were more likely than men to relapse regard-
less of  quit date adherence, adherence was strongly protective against relapse
for women.

 

KEYWORDS

 

Fluoxetine, quit attempts, relapse, smoking cessation.

 

INTRODUCTION

 

Approximately 46% of  the 50 million smokers in the
United States attempt quitting each year, but only 7%
remain abstinent for 1 year (Fiore 

 

et al

 

. 2000). Smoking
cessation programs and research trials typically recruit
self-selected smokers who are motivated to quit. These
programs or clinical trials usually have a predetermined
quit date and require all participants to try to quit on or
before that date. Participants are informed of  the quit
date prior to their participation in treatment, so that their

acceptance or non-acceptance of  this date becomes part
of  the eligibility criteria for entry into the trial.

While experimenter or provider-determined quit dates
are common practice in smoking cessation treatment, it
is not known whether the variability in the 

 

actual

 

 quit
date predicts outcome at the end of  treatment. For exam-
ple, many experimental protocols require participants to
quit within 2 weeks of  study entry. It is not known
whether participants who quit after the specified time
range are more or less likely to remain quit than those
who adhered to the externally imposed quit date.
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Furthermore, it is unclear whether certain groups (e.g.
women versus men) may benefit differentially from exter-
nally imposed quit dates.

Few studies have assessed whether or not adherence
to a previously set quit date is predictive of  smoking
cessation outcomes. Rather, most have assessed the
prediction of  6-month smoking outcomes from smoking
behavior within the first 2 weeks of  quitting (Russell 

 

et al

 

.
1993; Richmond 

 

et al.

 

 Almeida 1994). In two pharma-
cological treatment studies, Westman 

 

et al

 

. (1997) exam-
ined the achievement of  quit date abstinence as a
predictor of  abstinence at a 6-month follow-up. Across
both studies, the authors found that lower levels of  nico-
tine dependence and achievement of  abstinence on the
quit date predicted a greater likelihood of  abstinence at 6
months post-treatment, over and above other baseline
characteristics, smoking behavior and smoking with-
drawal. Quit date abstinence was found to have a 90%
sensitivity in detecting those smokers who would achieve
6-month smoking abstinence. This study, however, did
not examine predictors of  quitting on the protocol-
defined quit day, nor did they examine gender as a mod-
erator of  the effect of  quit day abstinence on outcome.

The goals of  our study were to: (1) determine the
predictors of  quit date adherence in a protocol which
required participants to quit by an experimenter-
determined quit date (typical of  most randomized clinical
trials) and (2) determine if  adherence to the experi-
menter-imposed quit date would be associated with sub-
sequent relapse, over and above other predictors known
to be related to relapse. Based on previous literature that
has shown that male gender, lower levels of  nicotine
dependence and active fluoxetine treatment are protec-
tive against relapse (Westman 

 

et al

 

. 1997; Wetter 

 

et al

 

.
1999; Borrelli 

 

et al.

 

 2001; Niaura 

 

et al

 

. 2002), we
hypothesized that these variables would not only predict
a lower likelihood of  relapse, but also predict a greater
likelihood of  adherence to quitting by the target quit date.
Consistent with Westman 

 

et al

 

.’s (1997) work above, we
hypothesized further that those who were adherent to
their quit date would be more likely to be quit at the end of
treatment. We decided to explore the interaction between
gender and quit date adherence to provide some insight
into treatment outcome findings suggesting gender dis-
parities in quitting smoking in favor of  men (e.g. Bjornson

 

et al

 

. 1995; Wetter 

 

et al

 

. 1999).

 

METHOD

 

Participants

 

Participants were smokers involved in a double-blind,
placebo-controlled multi-center trial investigating the
effect of  fluoxetine on smoking cessation (Eli Lilly Co.,

unpublished data; Niaura 

 

et al

 

. 2002). Sixteen sites
screened a total of  1137 subjects, of  whom 989 met eli-
gibility criteria and were randomized. Entry criteria
required that subjects be 18–65 years old, have smoked
daily for at least 1 year, exhibit a baseline expired carbon
monoxide level 

 

≥

 

8 p.p.m. and agree to declare a quit date
within 2 weeks after the second study visit (on or before
visit 4). Exclusion criteria were a Hamilton Depression
Rating Scale (Hamilton 1960; Endicott 

 

et al

 

. 1981) score

 

>

 

14, pregnancy, hypertension, use of  psychotropic med-
ication or current psychiatric illness, alcohol or drug
abuse in the past year, current use of  nicotine replace-
ment, unstable medical condition or major health event
in the last 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.

The sample composition was 60.4% female, with an
average age of  41.8 years (SD = 9.3). Subjects smoked an
average of  27.6 (SD = 11.2) cigarettes per day at baseline
and were moderately dependent on cigarettes, as indi-
cated by scores on the Fagerstrom Tolerance Question-
naire (FTQ) (M = 6.4, SD = 1.8; Fagerstrom 1978). The
average body mass indices (BMI; weight in kg/M

 

2

 

) for
women and men prior to medication were 24.5 kg
(SD = 4.4) and 26.6 (SD = 4.3). The average baseline
weight was 65.9 kg (SD = 12.9) for women and 84.4 kg
(SD = 14.7) for men. There were no significant differ-
ences between treatment groups on any of  the baseline
variables.

 

Measures

 

Nicotine dependence

 

The Fagerstrom Tolerance Questionnaire, an eight-item
scale (FTQ; Fagerstrom 1978) was used to assess nicotine
dependence. The FTQ has been found to have good reli-
ability and validity (Pomerleau 

 

et al.

 

 1994).

 

Smoking status

 

Smoking status was assessed at each visit. A quit attempt
was defined as self-reported abstinence for 24 hours that
was validated by expired air carbon monoxide test read-
ing 

 

<

 

10 p.p.m. Participants were required to quit prior to
visit 4 (the latest possible quit date was 24 hours prior to
visit 4). Therefore, those who self-reported abstinence for
24 hours and who had a expired air carbon monoxide test
reading of  

 

£

 

10 p.p.m. at the time of  visit 4 were consid-
ered quit by the target date (‘adherers’). For the relapse
analyses, participants who were quit by the target quit
day and reported smoking at any of  the subsequent visits
were considered relapsers.
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BMI

 

Weight in kilograms was measured with shoes off  at each
visit using a balance beam scale. BMI was calculated as
weight in kg/m

 

2

 

. BMI change was calculated by subtract-
ing baseline BMI (before the start of  medication) from the
BMI at each visit during the treatment phase.

 

Procedure

 

After a screening period, patients underwent a physical
examination, chest X-ray, blood tests (complete blood
count and differential) and medical history. Smokers ful-
filling eligibility criteria were assigned randomly to pla-
cebo, 30 mg or 60 mg fluoxetine conditions. At visit 1,
participants began the first of  nine sessions of  individual
cognitive behavioral treatment aimed at achieving and
maintaining smoking cessation through the develop-
ment of  coping skills, stimulus control and relapse pre-
vention. Beginning at visit 2 and continuing to visit 9,
participants received either study medication or placebo
and were instructed to take one capsule every morning.
This double-blind treatment phase was 10 weeks in dura-
tion and 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 post quit, and weeks 1, 2, 4, 6 and 8 postquit
day, with the final visit representing the end of  treat-
ment). At visit 2, participants were required to set a quit
date within the subsequent 2 weeks (prior to visit 4). The
latest possible quit date was 24 hours prior to visit 4. Par-
ticipants paid a $25.00 deposit that was refunded at their
last visit non-contingent upon completion of  the study or
smoking status.

 

Data analyses

 

Two separate regression models were constructed: one
that modeled the predictors of  time to first quit attempt
and one that modeled the predictors of  relapse. In the
model for first quit attempt, the covariates predict the
actual visit at which a successful quit attempt first
occurred, whereas in the second they predict the time in
days that elapsed between the first successful quit attempt
and subsequent relapse, if  any. Unlike the model for
relapse, which operates on a continuous time scale, the
model for quitting operates on a discrete time scale of  vis-
its since randomization. This was because the study pro-
tocol defined the required quit date in terms of  visits, not
days since randomization, and there was some between-
subject variability in the timing of  these visits.

In order to predict time to first quit attempt, we fit a
discrete time analog of  the proportional hazards (PH)
regression model to the data. As shown by Prentice &

Gloeckler (1978) and Allison (1982), the model can be fit
in PROC LOGISTIC of  SAS 7.0 (SAS Institute Inc. 1999)
and yields regression coefficients that correspond to log-
hazard ratios, when the PH assumption holds in the
underlying continuous scale.

Time to first relapse was analyzed using extensions of
the Cox (Cox 1972) PH model for survival data available
in PROC PHREG of  SAS 7.0 (SAS Institute Inc. 1999).
The basic premise of  the Cox PH model is that the relapse
hazard for two subjects whose covariates differ by a fixed
amount remains constant over time at some fixed ratio,
i.e. that the hazards are ‘proportional’. For example, if
active treatment lowered the relapse hazard substantially
the first 2 weeks after it was administered, but its effects
then wore off  over time, the PH assumption would fail to
hold. Accommodating such time-varying of  time-invari-
ant covariates (between-site differences that diminish
over time) requires that the standard Cox PH model be
extended to one with non-proportional hazards.

Violations of  the PH assumption can be assessed
graphically in PROC PHREG of  SAS 7.0 using the martin-
gale residuals approach of  Therneau 

 

et al

 

. (1990). In
cases where a time-invariant stratification factor is found
to fail the PH assumption, it is dropped from the list of  pre-
dictors and the model is refitted, with time-invariant coef-
ficients for all the remaining variables and a separate
baseline hazard function for all subjects in a particular
stratum. A common baseline survivor function is then no
longer estimable, and even stratum-specific relapse prob-
abilities require a sufficient number of  events in each stra-
tum before they can be estimated using the approach
described in Kalbfleisch & Prentice (1980). However, to
the extent that the remaining covariates do not interact
with the stratification factor, informative statements
about their effect on relapse can still be made in terms of
their impact on the hazard function alone.

 

RESULTS

 

Predictors of  time to first quit

 

As seen in Table 1, among those who made at least one
quit attempt during treatment (

 

n

 

 = 684), 56% had quit
by the recommended quit date (visit 4). We fitted a dis-
crete-time PH regression model to the data with treat-
ment site, Fagerstrom score, age, gender and BMI as main
effects, and gender 

 

¥

 

 BMI and treatment 

 

¥

 

 BMI interac-
tions. All continuous variables were standardized by sub-
tracting the mean and dividing by the standard deviation.
A backward elimination procedure based on the likeli-
hood ratio test indicated that only the main effects of  site,
Fagerstrom score and treatment group were significant
predictors of  time to first quit attempt. Tests of  time-
dependent effects of  these covariates were not significant,



 

Time of  quitting and relapse

 

381

 

© 2004 Society for the Study of  Addiction

 

Addiction, 

 

99

 

, 378–385

 

indicating that the effects of  these variables did not
change significantly over time, although there was a
trend for gradual diminution in the effect of  baseline nic-
otine dependence over time (

 

P

 

 = 0.10). In addition, there
was no evidence of  between-site heterogeneity in the
effect of  either Fagerstrom score (

 

c

 

2

 

 = 10.83 on 15 df,

 

P

 

 = 0.76) or treatment (

 

c

 

2

 

 = 15.68 on 15 df, 

 

P

 

 = 0.40 )
or of  Fagerstrom score by treatment interaction
(

 

P

 

 = 0.64). Finally, there was no statistically significant
difference in the main effects of  the 30 mg and 60 mg
dose groups (

 

P

 

 = 0.34) on time to first quit, so the two
active treatment groups were combined and compared
jointly against the placebo group.

The final regression model (Table 2) indicated that
significant predictors of  an earlier quit attempt were low
Fagerstrom score (

 

P

 

 = 0.001) and active treatment dose
(

 

P

 

 = 0.013). There was also evidence of  significant
between-site variability in the quit rates (

 

c

 

2

 

 = 63.06 on
15 df, 

 

P

 

 = 0.001). Because the 16 sites were coded as
using sum-to-zero contrasts, the average size effect was
zero overall and participants in sites with negative coef-
ficients were likely to have a later quit attempt than sub-
jects in sites with positive coefficients. Two sites had

coefficients very close to zero, and therefore the quit
rates they achieved can be considered ‘typical’ among
sites enrolled in the present study. Based on the results
of  Table 2, we derived maximum likelihood estimates
and 95% upper and lower confidence limits for the
probability that subjects in the reference group (i.e. pla-
cebo subjects with mean Fagerstrom score at a ‘typical’
site) would experience a first quit attempt at any partic-
ular visit. Because we are modeling not ‘any quit
attempts’, but rather only the first quit attempt, the
events being modeled are mutually exclusive and
exhaustive, with the probability of  a first quit attempt by
a particular visit being the sum of  the probabilities that
the reference group will have made a first quit attempt
at all visits up to and including that visit. As seen in
Table 3, 58% of  subjects in the reference group made a
quit attempt by visit 4 (95% CI 0.52–0.63), with their
proportion rising to 77% by visit 9 (95% CI 0.71–0.81)
[58% of  the reference group (those in the placebo group
with a mean Fagerstrom score or 6.4 at a typical site)
quit by visit 4 (Table 1)]. The absolute probability of  a
first quit attempt by visit 4 among all participants is
56%. Thus, 19% made a quit attempt after the desig-
nated quit date (visit 4), but before the end of  treatment
(visit 9) and 23% did not make a quit attempt at all
between visit 4 and visit 9.

Whereas Table 3 focuses on the reference group
alone, Table 4 allows for predictions regarding the rate of
quit attempts for other subgroups of  interest. In particu-
lar, we were interested in evaluating the impact of  vary-
ing Fagerstrom score over its interquartile range for both
the placebo and active treatment groups at a ‘typical’
site. Increasing the level of  nicotine dependence from the
25th sample percentile (Fagerstrom = 5) to the 75th per-
centile (Fagerstrom = 8) resulted in a 10% decrease
in the predicted probability of  a quit attempt by the

 

Table 1

 

Absolute probabilities of a first successful quit attempt: all 989 participants.

 

Visit 2 3 4 5 6 7 8 9 Total

 

First quit attempt 0.00 0.02 0.54 0.10 0.02 0.01 0.01 0.00 0.70
Censored* 0.03 0.06 0.03 0.04 0.02 0.03 0.03 0.06 0.30

 

*Censoring before visit 9 indicates loss to follow-up.

 

Table 2

 

Covariate effects on likelihood of a quit attempt.*

 

Coefficient Standard error

 

Z

 

-score

 

P

 

-value

 

Fagerstrom

 

-

 

0.17 0.04

 

-

 

4.12 0.000
Active Tx 0.11 0.04 2.48 0.013
Site 1

 

-

 

0.39 0.20

 

-

 

1.94 0.053
Site 2 0.40 0.14 2.89 0.004
Site 3 0.25 0.15 1.70 0.090
Site 4

 

-

 

0.13 0.16

 

-

 

0.81 0.420
Site 5

 

-

 

0.10 0.17

 

-

 

0.61 0.543
Site 6

 

-

 

0.46 0.18

 

-

 

2.60 0.009
Site 7

 

-

 

0.02 0.15

 

-

 

0.10 0.920
Site 8 0.45 0.15 3.03 0.002
Site 9 0.85 0.16 5.24 0.000
Site 10

 

-

 

0.05 0.15

 

-

 

0.31 0.755
Site 11

 

-

 

0.04 0.14

 

-

 

0.27 0.788
Site 12

 

-

 

0.16 0.16

 

-

 

0.97 0.332
Site 13

 

-

 

0.09 0.16

 

-

 

0.58 0.560
Site 14

 

-

 

0.49 0.14

 

-

 

3.38 0.001
Site 15

 

-

 

0.13 0.15

 

-

 

0.86 0.390
Site 16 0.02 0.16 0.63 0.529

 

*A test of the effect of between-site variability had value 

 

c

 

2
15

 

 = 63.06, with

 

P

 

 = 0.001.

 

Table 3

 

Cumulative probability of a first quit successful quit
attempt: reference group.*

 

Visit 2 3 4 5 6 7 8 9

 

PE

 

1

 

0.00 0.02 0.58 0.71 0.74 0.75 0.77 0.77
LCL

 

2

 

0.00 0.01 0.52 0.65 0.69 0.70 0.71 0.71
UCL

 

3

 

0.00 0.03 0.63 0.76 0.79 0.80 0.81 0.81

 

*Placebo subjects with mean FTQ = 6.4 at a ‘typical’ site. 

 

1

 

PE: point estimate.

 

2

 

LCL: 95% lower confidence limit. 

 

3

 

UCL: 95% upper confidence limit.
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suggested quit date (visit 4) and a 8% decrease by the end
of  the medication period (visit 9), regardless of  treatment
group. The effect of  fluoxetine on time to first quit
was such that those on active treatment attempted to
quit earlier than those on placebo at both low
(Fagerstrom = 5) and high (Fagerstrom = 8) levels of  nic-
otine dependence. Specifically, the probability of  a first
quit attempt by visit 4 was 9% higher among the active
dose group than the placebo group regardless of  Fager-
strom score; this differential in favor of  the active treat-
ment retained its clinical significance throughout the
medication period, changing slightly from 9% at visit 4
to 7% at visit 9.

 

Quitting on quit day as a predictor of  relapse

 

A continuous-time proportional-hazards regression
model was tested to assess the impact of  adherence to
the prescribed quit date (visit 4) on subsequent relapse
and, more specifically, whether quitting by the pre-
scribed quit day moderated differences in outcome by
gender and by treatment group. The model controlled for
Fagerstrom, age, gender, BMI and treatment group (pla-
cebo, 30 mg, 60 mg). Site was used as a stratification
factor because the proportional hazards failed to hold for
this latter variable. In addition, interactions of  adher-
ence to the prescribed quit date with gender and treat-
ment were also entered into the model. All continuous
variables were standardized by subtracting their mean
and dividing by their standard deviation. Contrasts
between each active drug treatment condition and pla-
cebo were computed.

The placebo and 30-mg doses were not significantly
different in terms of  their impact on relapse hazard and
were merged subsequently into a single group and con-
trasted with the 60 mg group. Main effects of  Fagerstrom
score (

 

P =

 

 0.072), 60 mg dose treatment (

 

P =

 

 0.037),
gender (

 

P =

 

 0.001) and adherence to the quit date
(

 

P =

 

 0.110) as well as a gender 

 

¥

 

 quit date interaction
(

 

P =

 

 0.034) were the only terms retained in the final
model. This final model utilized a backwards-elimination
procedure which employed an alpha = 0.10 level of

significance as a retention cut-off  and proceeded in a
hierarchical fashion, starting with the second-order
terms first and retaining all main effects associated with a
significant interaction.

Point estimates (PE) and 95% lower (LCL) and upper
(UCL) confidence limits for the relapse hazards are shown
in Table 5. As expected, high-dose treatment (60 mg) was
protective against relapse: it reduced the hazard of  relapse
by 22% relative to the placebo or low-dose (30 mg) treat-
ment groups (PE = 0.78, 95% CI 0.62–0.99). Although
not significant (

 

P 

 

< 0.072), participants with high levels
of  nicotine dependence tended to be more prone to
relapse, such that as an individual’s Fagerstrom scores
increased from 6.4 to 8.2 (i.e. one standard unit away
from the mean), the associated relapse hazard increased
by 10% (PE = 1.10, 95% CI 0.99–1.23).

In order to understand better how adherence to the
prescribed quit date may moderate the effect of  gender
on relapse, we used the coefficients of  Table 5 to calcu-
late the simple effects of  gender separately by adher-
ence group for our reference group of  subjects with
mean FTQ = 6.4 who were in the placebo or low-dose
arms of  the trial. We found that, among non-adherers
to the quit date, women were more than 2.5 times
as likely than men to relapse (PE = 2.63, 95% CI
1.47–4.76), whereas among adherers to the quit date,
women were only 1.3 times as likely to relapse than
men (PE = 1.33, 95% CI 1.04. to 1.72; Table 6). There-
fore, although women were more likely than men to
relapse regardless of  whether they adhered to the
prescribed quit date (

 

P =

 

 0.025) or not (

 

P =

 

 0.001),
women’s greater risk of  relapse was more than twice as
strong among non-adherers.

 

Table 4

 

Cumulative probability of a quit attempt: subgroups.

 

Treatment Fagerstrom

Visit 4 Visit 9

PE

 

1

 

95% CI PE

 

1

 

95% CI

 

Placebo 5 0.62 (0.56, 0.68) 0.80 (0.75, 0.85)
8 0.52 (0.47, 0.58) 0.72 (0.65, 0.77)

Active 5 0.70 (0.66, 0.74) 0.87 (0.83, 0.90)
8 0.60 (0.55, 0.65) 0.79 (0.74, 0.83)

 

1

 

PE: point estimate.

 

Table 5

 

Covariate effects on likelihood of relapse.

 

Visit PE

 

1

 

LCL

 

2

 

UCL

 

3 P-value

Fagerstrom 1.10 0.99 1.23 0.072
60 mg dose Tx 0.78 0.82 0.99 0.037
Male gender 0.75 0.58 0.96 0.025
Quit after visit 4 1.36 0.94 1.97 0.110
Males, quit after visit 4 0.50 0.27 0.95 0.034

1PE: point estimate. 2LCL: 95% lower confidence limit. 3UCL: 95% upper con-
fidence limit.

Table 6 Gender by quit date interaction.

Female : male hazard ratio PE1 LCL2 UCL3 P-value

Adherers 1.33 1.04 1.72 0.025
Non-adherers 2.63 1.47 4.76 0.001

1PE: point estimate. 2LCL: 95% lower confidence limit. 3UCL: 95% upper con-
fidence limit.
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DISCUSSION

Clinical trials in smoking cessation require typically that
subjects quit on a particular date, or within a narrow
time frame. Although an externally imposed quit date
facilitates research objectives, no studies have examined
the association between participant characteristics,
adherence to quit date and abstinence outcomes. The
goals of  this study were to identify predictors of  adherence
to an externally imposed quit date and, in turn, to deter-
mine the effect of  such adherence on the maintenance of
abstinence. The results revealed that those on active
treatment (30 mg or 60 mg fluoxetine) and those with
low levels of  nicotine dependence were more likely to
adhere to the externally imposed quit date specified by the
study protocol. In a separate model examining the pre-
dictors of  relapse, high dose treatment (60 mg fluoxetine)
significantly predicted a lower likelihood of  relapse. There
was also an interaction between quit date adherence and
gender such that, although women were more likely to
relapse than men whether or not they adhered to the quit
date, women’s risk of  relapse was disproportionately
heightened if  they were non-adherent to the quit date.

Only 56% of  participants quit within the time-frame
required by study protocol (by visit 4). Thus, a large num-
ber of  participants were non-adherent to the study proto-
col. The findings raise the possibility that providing
participants with a narrow window of  time in which they
must quit might be too restrictive and unrealistic for a siz-
able number of  smokers. Of  course, smokers assigned
themselves to be adherent versus non-adherent to the
quit date: they could not be randomly assigned. As such,
we are unable to comment on any causal effects on
relapse of  being adherent versus non-adherent to the quit
date, as distinct from those involved in possessing what-
ever personal attributes led smokers to behave adherently
or not. Nevertheless, in light of  new recommendations to
impose grace periods on quitting, it may be worth recon-
sidering the merits of  client-determined fixed quit dates
given client-centered methods to motivate smoking ces-
sation (e.g. motivational interviewing, Miller & Rollnick
2002).

In our study, adherence to the quit date was predicted
by active treatment dose (either 30 mg or 60 mg fluoxet-
ine) and low levels of  nicotine dependence. Antidepres-
sants, such as fluoxetine, nortryptiline and buproprion,
have been shown to produce dose–response increases in
quit rates (Niaura et al. 2002; Spring et al. 1995; Hurt
et al. 1997; Hall et al. 1998). Our study found evidence of
an overall drug effect on adherence to quit date; both
active treatments vs. placebo resulted in a significantly
greater likelihood of  quitting by the target quit date. In a
separate model predicting relapse, only the high (60 mg)
dose fluoxetine was protective against relapse. A differ-

ence between our study and previous ones is that we
examined two outcomes: quitting by the target quit date
and relapse to smoking, rather than 7-day point preva-
lence abstinence.

There are several possible reasons why fluoxetine
treatment may have both helped to promote quitting by
the required quit date and curtailed relapse. Fluoxetine
treatment may have reduced the compulsion to smoke
or diminished preoccupation with cigarettes via an
action analogous to its reduction of  obsessional ideation
and behaviours in bulimics (Goldbloom & Olmsted
1993) and those with obsessive-compulsive disorder
(Piccinelli et al. 1995). Indeed, other serotonergic
agents, such as sertraline (Covey et al. 2002) and parox-
etine (Killen et al. 2001), have been found to reduce
craving for cigarettes. Fluoxetine might have enhanced
quit date adherence via reduction of  depressogenic
ruminations (Richmond et al. 2001) or relief  of  negative
affect (Dalack et al. 1995). Indeed, Dalack et al. (1995)
found that fluoxetine, compared with placebo, improved
depressed mood among treatment-motivated smokers
prior to the quit date. An alternative explanation is that
side-effects could have alerted participants that they
were, indeed, taking active drug versus placebo, increas-
ing their confidence or self-efficacy about being able to
adhere to the designated quit date (Hitsman et al. 2001).
Both neurobiological and cognitive accompaniments of
pharmacological treatment of  smoking warrant future
exploration, as both could be important mediators of
treatment effects.

Maintenance of  abstinence was predicted by level of
nicotine dependence, 60 mg fluoxetine, gender and the
interaction of  gender and adherence to quit date. Previ-
ous literature has found that not smoking on the quit
date is strongly predictive of  subsequent abstinence
(Westman et al. 1997), such that those who adhere to
their quit date are over 10 times less likely to relapse than
those who do not adhere. In our study, adherence to the
quit date was not an independent predictor of  relapse;
rather, its effect was moderated by gender. Among those
who did not adhere to the quit date, women were more
than 2.5 times as likely to relapse than men, whereas
among those who did adhere to the quit date, women
were only 1.3 times as likely as men to relapse. Thus,
although women were more likely to relapse than men
regardless of  adherence to the prescribed quit date, adher-
ence to the study protocol was strongly protective against
relapse for women.

In a randomized trial, Flaxman (1978) compared
‘gradual quitting’ to two different types of  ‘abrupt’ quit-
ting: (1) immediate (quitting on the day following a 1.5-
hour group session on self-control techniques) and (2)
quitting on the target quit date, which occurred 2 weeks
after the beginning of  treatment. When the two ‘abrupt’
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groups were combined and contrasted with delayed quit-
ting, there was an interaction of  gender and treatment
group, such that women who received the delayed treat-
ment and men who were in either abrupt quitting group
smoked significantly less than women who quit smoking
immediately and men whose quit dates were delayed.
However, when treatment that involved quitting on a tar-
geted quit date was compared to delayed quitting, the tar-
geted quit date group smoked significantly less than the
delayed group, and this effect did not vary by gender. In
our study, time of  quitting did not significantly predict
smoking outcome as an overall main effect, possibly
because we focused on actual quitting, not reduction.
Another difference was that, unlike Flaxman’s study, our
participants were not assigned randomly to differing quit
dates. Although quit date adherence was not an indepen-
dent predictor of  relapse in our study, the effect of
adherence on relapse was moderated by gender such that
women who did not quit by the target date were at height-
ened risk of  relapse. This suggests that, for women, non-
adherence to the initial quit date followed by a period of
abstinence may be a harbinger of  eventual relapse.

What remains to be understood are the underlying
psychological processes that explain why smoking on the
quit date is associated with poor cessation outcomes for
women. These women may be more ambivalent about
quitting, perhaps needing greater support and motiva-
tional enhancement for quitting. Alternatively, women
may simply need extra time to build the skills needed for
cessation in the face of  multiple barriers to quitting (e.g.
depression, Borrelli et al. 1996). Further study of  treat-
ment processes is needed to select from among these and
other possible explanations.

Our finding that men were significantly less likely to
relapse than women is consistent with findings from sev-
eral community and clinical trials that have shown
women to be more likely to relapse than men (Bjornson
et al. 1995; Wetter et al. 1999). Other studies have not,
however, supported a gender disparity in smoking out-
come (Gritz et al. 1998; Killen et al. 2002). Several expla-
nations for gender differences in relapse have been
proffered, including women’s greater vulnerability to
depression (Borrelli et al. 1996; Hall et al. 1998) and fear
of  weight gain (Borrelli & Mermelstein 1998; Pinto et al.
1999; Borrelli et al. 2001).

Our study has several limitations. It should be noted
that the study sample was selective, comprised of  smokers
willing to visit a medical setting to seek multi-session
smoking cessation treatment that included medications.
It cannot be assumed that these results will generalize to
smokers who do not volunteer for treatment or who
would be unwilling to engage in such an intensive treat-
ment program. Also, our study was not able to examine
the reasons why women who quit later than the pre-

scribed quit date were at heightened vulnerability to
relapse. Importantly, smokers in our study were not ran-
domized to experimenter-defined versus participant-
defined quit dates. Therefore, no inferences can be drawn
from our findings regarding whether participant-chosen
quit dates yield better or worse cessation outcomes than
fixed quit dates. However, it is it is difficult to answer this
question in a randomized design, given that participants
will self-select into quitting by the quit date or quitting on
their own timeline, regardless of  the condition to which
they are assigned.

Our findings supported the hypothesis that the time of
the first quit is an important but often neglected predictor
of  maintenance of  smoking abstinence, at least for
women. These results suggest that the new guidelines on
implementing a grace period following quit day, proferred
by the current Society for Research on Nicotine and
Tobacco (SRNT; Hughes et al. 2003), may need to be
evaluated empirically for the effects on quitting and
relapse prior to widespread adoption.
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