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Abstract

Aim—People who quit smoking often gain 11-12 pounds, on average, which can frequently lead
to a relapse to smoking. This study evaluated whether extended vs. standard duration treatment
with nicotine patch helps those able to quit smoking to reduce cessation-induced weight gain and
explored nicotine patch adherence as a mediator of treatment effects.

Design and Setting—We examined data from a completed randomized placebo-controlled
clinical trial of extended (24 weeks) vs. standard (8 weeks plus 16 weeks of placebo) transdermal
nicotine patch therapy. Changes in measured weight over 24 weeks were compared across the two
treatment arms, controlling for gender, baseline smoking rate, and previous weight. Adherence to
patch use was assessed using self-report of daily use over 24 weeks.

Participants—139 clinical trial participants who were confirmed to be abstinent at weeks 8 and
24,

Findings—Compared to participants who received 8 weeks of nicotine patch therapy,
participants who received 24 weeks of treatment showed significantly less weight gain from pre-
treatment to week 24 (8 = —4.76, 95% Cl: —7.68 to —1.84, p = .002) and significantly less weight
gain from week 8 to week 24 (B = —2.31, 95% CI: —4.39 to —0.23, p = .03). Extended treatment
increased patch adherence which, in turn, reduced weight gain; patch adherence accounted for
20% of the effect of treatment arm on weight gain.

Conclusion—Compared to 8 weeks of transdermal nicotine therapy, 24 weeks of patch
treatment may help to reduce the weight gain that is typical among smokers who are able to
achieve abstinence from tobacco use. Extended treatment increased nicotine patch adherence
which, in turn, reduced weight gain.
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1. Introduction

The relationship between tobacco use and weight is well documented. Many adolescents cite
weight control as the reason for initiating smoking (Potter et al., 2004) and many adults
report that they continue smoking to control their weight (Klesges & Klesges, 1988).
Current smokers weigh less than non-smokers (Albanes et al., 1987) and many smokers
report that worry about cessation-induced weight gain undermines attempts to quit smoking
(Hall et al., 1986). Lastly, fear of weight gain predicts smoking relapse (Meyers et al., 1997)
and, on average, smokers who successfully quit smoking gain 11-12 pounds over the 2
years following cessation (Fromm et al., 1998). It is critical to identify interventions that can
prevent abstinence-induced weight gain.

Few interventions for nicotine dependence also limit weight gain. While the inclusion of a
behavioral weight control component within a tobacco treatment program limits weight
gain, the benefits are not sustainable (Spring et al., 2009). The inclusion of physical activity
components within a smoking cessation program does not limit weight gain (Bize et al.,
2010). There is no evidence that varenicline prevents weight gain (Gonzales et al., 2006)
and, while bupropion may attenuate weight gain, the effects are not sustained (Hurt et al.,
1997; Levine et al., 2010). Nicotine replacement therapy (NRT) may attenuate weight gain
among those who quit smoking (Gross et al., 1989; Allen et al., 2005), but this effect may
depend on level of treatment adherence (Ferguson et al., 2010). Lastly, while the use of
adjunctive medications to prevent weight gain are being explored, such as naltrexone
(O'Malley et al., 2006; King et al., 2006; Toll et al., 2008), sibutramine (Sood et al., 2009),
and fluoxetine (Saules et al., 2004), a recent meta-analyses concluded that the existing
literature is insufficient to offer clinical recommendations (Parsons et al., 2009).

A recently completed placebo-controlled randomized trial, comparing standard 8-weeks of
transdermal nicotine treatment to 24-weeks of treatment, showed almost a 2-fold increase in
abstinence with extended treatment (Schnoll et al., 2010)T. A previous clinical trial with
nicotine gum suggested that the effect of NRT on weight gain attenuation may be due to the
pharmacological effects of nicotine (Ferguson et al., 2010) and pre-clinical data suggest that,
in the absence of nicotine, the reinforcing value of food increases (Donney et al., 2011).
Thus, we hypothesized that extended treatment with nicotine patch could attenuate weight
gain among abstinent smokers, versus 8-weeks of treatment, and that greater adherence with
nicotine patch therapy could mediate the relationship between extended treatment and lower
weight gain. The results of this study could show that attenuation of weight gain is an
additional benefit of extended nicotine patch therapy and support the hypothesis that
continuous exposure to nicotine serves as a plausible mechanism of NRT's effect on weight
gain.

2. Methods

2.1. Study design

A complete description of the trial from which the present data were ascertained can be
found elsewhere (Schnoll et al., 2010). Briefly, the trial included treatment-seeking smokers
recruited through media ads. Eligible participants were randomized to 8 weeks of 21mg
nicotine patches (Nicoderm CQ; GlaxoSmithKline) plus 16 weeks of placebo patches
(standard) or 24 weeks of 21mg nicotine patches (extended). All participants received 7
standard behavioral counseling sessions (Lerman et al., 2004). At a pre-treatment session

TThis trial also showed no safety concerns with extended use of the nicotine patch. Fifteen side effects were assessed and compared
across treatment arms at week 1 and week 12. The only significant difference was for sleep problems at week 1, with extended
treatment participants showing a higher frequency of sleep problems compared to standard treatment participants.
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(week —2), participants completed measures including an assessment of weight using a
standardized scale. Smoking behavior and patch adherence was assessed at weeks 0, 1, 4, 8,
12, 16, 20, and 24. Smoking cessation at weeks 8 and 24 was defined as 7-day point
prevalence abstinence confirmed with a breath carbon monoxide (CO) sample since cotinine
analysis could not be used in light of nicotine patch use (Hughes et al., 2003). Participants
were assumed to be smoking if they were lost to follow-up, failed to provide a CO sample,
or had CO levels > 10ppm (Benowitz et al., 2002). Measured weight was again assessed at
weeks 8 and 24.

2.2. Participants

Participants were eligible if they were ages 18-65 and smoked > 10 cigarettes/day for at
least the past year. Participant exclusions consisted of: a medical condition or a medication
which increased risk for adverse effects from nicotine patch, current drug or alcohol
dependence, a history of an Axis | psychiatric disorder, or current treatment for nicotine
dependence. In the original trial, the intent-to-treat sample was comprised of 286
participants in standard therapy and 282 in extended therapy. To control for the potential
confounding from concurrent tobacco use, the present hypotheses were addressed using a
sub-sample of 139 individuals who were confirmed to be abstinent from smoking at both
weeks 8 and 24, as done previously (Ferguson et al., 2010).

2.3. Measures

2.3.1. Demographic variables—Socio-demographic characteristics were collected such
as age, race, ethnicity, and level of education.

2.3.2. Smoking variables—Smoking characteristics were collected including cigarettes
per day and level of nicotine dependence using the Fagerstrdm Test for Nicotine
Dependence (Heatherton et al., 1991).

2.3.3. Adherence—Patch adherence was based on self-report during weeks 0-24. A total
adherence score was computed by summing the number of days the patch was used across
the 24 weeks of the trial.

2.3.4. Weight—Weight was assessed using a standard upright scale as in past studies
(Ferguson et al., 2010) at pre-treatment (week —2) and then at weeks 8 and 24.

2.4. Statistical analysis

Our primary analyses examined the difference between treatment arms in terms of measured
weight gain from week 8 to 24, corresponding to when the standard treatment participants
used placebo but the extended treatment participants continued on NRT. Treatment arm
effect on weight gain from pre-treatment to week 24 was examined as a secondary outcome.
For both outcomes, we used mixed models linear regression to examine the incremental
weight gain (in pounds), only admitting data for those abstinent at weeks 8 and 24. The
models controlled for gender and baseline smoking as done previously (Schnoll et al., 2010).
The regression for weight gain from week 8 to week 24 controlled for week 8 weight and the
regression for weight gain from pre-treatment to week 24 controlled for pre-treatment
weight. We analyzed mediation using a regression-based path model (MacKinnon, 2007)
and weight gain between week 8 and 24 as the outcome variable, controlling for sex and
baseline smoking. Standardized outcomes were modeled using standardized predictors and
regressions were fitted jointly using the seemingly unrelated estimation approach (Beasley,
2008; Zellner, 1962). This method partitions the effect of treatment on outcome into direct
(and unexplained) effects versus mediated effects; it tests the overall mediation hypothesis
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using the proportion of treatment effect explained (Lin et al., 1997; Vittinghoff, 2009) and
the strength of each mediating pathway.

3.1. Sample characteristics

There were no differences between the treatment arms at baseline in terms of gender, age,
race, level of education, level of nicotine dependence, cigarettes per day, and weight. For the
present sample, 49% of participants were female, 73% had at least some college education,
83% were of European ancestry, the mean age of the sample was 44 years (SD = 9.9), the
mean level of nicotine dependence was 4.7 (SD = 2.1), the average number of cigarettes
smoker per day at baseline was 19.1 (SD = 8.4), and the average measured weight was 186
pounds (SD =41.5).

3.1. Treatment effect on weight

As shown in Table 1, we found a significant effect of treatment arm on measured weight
gain between week 8 and week 24 (8 = —2.31, 95% CI: —4.39 to —0.23, p = .03). Between
week 8 and week 24, participants who received 8 weeks of transdermal nicotine therapy
gained, on average, 4.69 pounds (SD = 5.44), whereas participants who received 24 weeks
of transdermal nicotine therapy gained, on average, 2.52 pounds (SD = 6.72). As shown in
Table 1, we also found a significant effect of treatment arm on measured weight gain
between week —2 and week 24 (B = —4.76, 95%Cl: —7.68 to —1.84, p = .002). Between
week —2 and week 24, participants who received 8 weeks of transdermal nicotine therapy
gained, on average, 10.37 pounds (SD = 8.86), whereas participants who received 24 weeks
of transdermal nicotine therapy gained, on average, 5.83 pounds (SD = 9.11).

3.2. Mediation analysis

Figure 1 shows the mediational model for treatment arm, patch adherence, and weight gain
between weeks 8 and 24. Participants in extended nicotine patch treatment showed
significantly greater levels of patch adherence over 24 weeks, versus participants in standard
treatment (B = .19, 95% CI: —.33 to —.03, p =.02). In turn, higher levels of patch adherence
over 24 weeks predicted significantly less weight gain (8 = —.18, 95% CI: —.34 to —.02, p
=.02). The formal test of mediation was not statistically significant (p = .11) but the
mediational pathway explained 20% of the effect of treatment arm on weight gain.

4. Discussion

This study used data from a completed trial of extended duration nicotine patch treatment to
evaluate if longer treatment with nicotine patches attenuates weight gain among individuals
who are able to achieve abstinence from tobacco use. Additionally, the role of patch
adherence was explored as a mediator of the relationship between extended treatment and
weight gain. As hypothesized, extended treatment with nicotine patches led to lower weight
gain over 24 weeks and between 8 and 24 weeks of the study, corresponding to when
standard treatment participants were switched to placebo. In particular, controlling for sex,
the number of cigarettes smoked at trial entry, and previous weight, individuals who were
able to achieve abstinence gained about half as much weight if they received 24 weeks vs. 8
weeks of nicotine patches.

In addition, the present study suggests that level of patch adherence could explain part of the
effect of extended nicotine patch treatment on limiting weight gain among abstainers.
Extended treatment participants showed significantly greater levels of patch adherence
which, in turn, predicted lower weight gain. Taken together, these results are consistent with
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previous studies that show that NRT can attenuate weight gain, particularly among
individuals who show higher rates of treatment adherence (Ferguson et al., 2010). While the
exact mechanism through which nicotine limits weight gain is not fully explicated, pre-
clinical studies suggest that nicotine can effect the reinforcing value of food, with cessation
enhancing food reinforcement (Donney et al., 2011). As such, the reduced weight gain
observed in the present analysis from extended NRT may be a function, in part, of enhanced
exposure to nicotine via longer duration and better adherence.

Concern over and actual weight gain among individuals who quit smoking frequently leads
to smoking relapse (Meyers et al., 1997). Concern over weight gain also often prevents
smokers from contemplating a quit attempt (Hall et al., 1986). To date, few interventions
have shown efficacy at both promoting smoking cessation and minimizing weight gain. The
present study indicates that the use of extended nicotine patch treatment, along with high
levels of patch adherence, can offer some hope to smokers who worry about weight gain
following a quit attempt. Smokers who express a fear of abstinence-induced weight gain
could be encouraged to utilize extended nicotine patch treatment as a therapeutic option.

This study is limited by a relatively small sample of abstinent smokers from a larger trial
and the consequent limited statistical power. In addition, treatment adherence was measured
using self-report, which may over-represent actual use. Further, we did not track use of
weight loss treatment programs or medications outside the context of the clinical trial.Lastly,
the treatment effect on weight gain may not extend beyond when treatment is stopped but
measured weight was not assessed beyond week 24 in this study. Nevertheless, the present
study indicates that extended and compliant use of nicotine patches can minimize the weight
gain that is typical among individuals who successfully quit smoking. Indeed, participants in
this study exhibited, on average, about half the weight gain over the course of 24 weeks that
is typical of individuals who successfully quit smoking (Fromm et al., 1998) and that was
observed among participants in the present trial who received the standard 8 weeks of
treatment. Given the lack of available treatments for nicotine dependence that also attenuate
weight gain, the present results represent some hope for smokers that options are available to
increase their ability to quit smoking without gaining substantial weight.
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Mediation model of treatment, adherence, and weight gain.

Note. Treatment is coded 0 = standard, 1 = extended; * p < .05.
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