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Abstract

Aims—The prospect of weight gain discourages many cigarette smokers from quitting. Practice
guidelines offer varied advice about managing weight gain after quitting smoking, but no
systematic review and meta-analysis have been available. We reviewed evidence to determine
whether behavioral weight control intervention compromises smoking cessation attempts, and if it
offers an effective way to reduce post-cessation weight gain.

Methods—We identified randomized controlled trials that compared combined smoking
treatment and behavioral weight control to smoking treatment alone for adult smokers. English-
language studies were identified through searches of PubMed, Ovid MEDLINE, CINAHL,
EMBASE, PsycINFO, Cochrane Central Register of Controlled Trials. Of 779 articles identified
and 35 potentially relevant RCTs screened, 10 met criteria and were included in the meta-analysis.

Results—~Patients who received both smoking treatment and weight treatment showed increased
abstinence (OR=1.29, 95% CI=1.01,1.64) and reduced weight gain (g = -0.30, 95% CI=-0.63,
-0.04) in the short term (<3 months) compared with patients who received smoking treatment
alone. Differences in abstinence (OR=1.23, 95% CI=0.85, 1.79) and weight control (g=-0.17,
95% Cl=-0.42, 0.07) were no longer significant in the long term (>6 months).

Conclusions—TFindings provide no evidence that combining smoking treatment and behavioral
weight control produces any harm and significant evidence of short-term benefit for both
abstinence and weight control. However, the absence of long-term enhancement of either smoking
cessation or weight control by the time-limited interventions studied to date provides insufficient
basis to recommend societal expenditures on weight gain prevention treatment for patients who
are quitting smoking.

Keywords
smoking cessation; weight gain; meta-analysis; systematic review

Introduction

Cigarette smoking remains the leading cause of preventable death in the world today [1,2].
But fear of weight gain is a major barrier to smoking cessation [3-5]: 50% of female and
26% of male smokers state that concern about gaining weight discourages them from trying
to quit smoking [6,7]. Worries about weight gain also continue after quitting [8]. Most
prospective epidemiological studies estimate that average post-cessation weight gain is
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between 3.0 to 5.5 kg [9,10], although a few estimate double that amount [11]. Of adults
who quit, 10% of men and 13% of women are at risk of major weight gain (>13 kg) [10].

The decreased mortality associated with smoking cessation almost always outweighs the
health risk associated with weight gain [12]. However, the weight gain that follows smoking
cessation does blunt several of the health benefits associated with quitting. Janzon et al
observed that smoking cessation was associated with increased incidence of hypertension
nine years after quitting, probably because weight gain was associated with elevated blood
pressure [13]. Nilsson et al concluded that weight gain curtails a beneficial effect of
cessation on glucose metabolism, consistent with the observation that quitting smoking
increases waist circumference [8,14]. Also, Chinn et al observed that post-cessation weight
gain reduces the beneficial effect of quitting smoking on lung function [15]. Particularly
against the backdrop of the global obesity epidemic [16], maximizing the health benefits due
to smoking cessation requires finding a way to control weight gain.

Several pharmacotherapies (bupropion, varenicline, nicotine replacement) suppress post-
cessation weight gain temporarily [17-19]. However, drug treatment only delays rather than
prevents weight gain and is contraindicated for some medical comorbidities. Moreover,
many patients prefer non-pharmacologic treatment [20-22].

Weight gain after quitting smoking results chiefly from increased dietary calorie intake and
decreased metabolic rate [23,24]. Accordingly, most behavioral interventions to minimize
cessation-related weight gain endeavor to prevent positive energy balance. Primary
strategies have been to limit calorie intake [25,26], enhance energy expenditure via physical
activity [27-31], or both [32-34]. Because foods and cigarettes may serve as substitutable
reinforcers for smokers [35,36], some dietary interventions preserve treat foods and
implement only modest energy restriction [34]. A radically different approach involves
cognitive intervention to minimize concern about weight [26]. We conducted a systematic
review and meta-analysis to determine whether weight-related behavioral intervention offers
an effective way to reduce post-cessation weight gain.

Data Sources and Systematic Searches

During January and February of 2007, one author (MB) searched the Cochrane Database of
Systematic Reviews, the Cochrane Central Register of Controlled Trials (CENTRAL),
PubMed, Ovid MEDLINE, CINAHL, EMBASE, and PsycInfo. Appropriate controlled-
vocabulary terms specific to each database and keyword searching within title and abstract
fields were employed to retrieve meta-analyses, systematic reviews, and randomized
controlled trials for behavioral interventions to promote smoking cessation and prevent
weight gain. No date limits were placed on the searches. Articles in languages other than
English were excluded, as were unpublished studies. To benefit from the quality control
afforded by peer review, we did not search grey literature sources or unpublished conference
abstracts, and did not obtain unpublished data from authors. The authors hand searched
references from included studies and reviewed the list of included/excluded studies in a
relevant Cochrane review [37]. An update search of literature databases was repeated, using
the same methods with an added limit to retrieve only references published or added to the
databases between January and August 2007. In July 2007 and again in November 2007,
authors searched online for in-press articles appearing in journals that yielded included
studies.
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Study Selection

The study search protocol included randomized controlled trials and systematic reviews
which compared behavioral interventions addressing both smoking cessation and weight
gain prevention to behavioral interventions addressing solely smoking cessation. In
accordance with systematic review methodology, explicit inclusion and exclusion criteria
were established prior to the literature search and review process. Included studies were
required to report data on both smoking cessation and weight gain outcomes and to
incorporate a minimum of one month follow up. Studies addressing male or female adults
(age 18-70) of any ethnic origin who self-identified as “regular” smokers were included.
Behavioral interventions were operationalized as non-pharmacological, non-surgical
treatments that either addressed both weight gain prevention and smoking cessation (in the
intervention condition), or smoking cessation alone (in the comparison condition). Weight
control interventions could act upon energy intake, energy expenditure, or attitudes about
body weight. Energy intake interventions were those that aimed to modify eating behavior,
for example by reducing calories, altering diet composition, or supplying meal replacements.
Energy expenditure interventions aimed to increase physical activity or exercise. Other
included interventions, such as cognitive-behavioral therapy (CBT) addressed weight
concerns or eating attitudes. Studies involving nicotine replacement therapy (NRT) or other
pharmacotherapies were included only if the identical drug treatment regimen was
incorporated in both the behavioral intervention and control treatment arms.

Initial search of literature databases returned 779 journal articles. Two authors (BS and DH)
independently evaluated studies for inclusion by reviewing the titles and abstracts. Ninety
studies were judged to be eligible by at least one rater. After duplicate reports of the same
research were removed, 78 unique studies remained. Full texts were obtained for all 78 of
these studies. BS and DH reviewed the articles in detail and independently evaluated the
studies for inclusion; differences were reconciled by consensus. After removing studies that
were not RCTs, 30 studies remained. One additional study [38] was identified during the
update search, and four additional studies were identified through the search of reference
lists [28,39-41]. No additional studies were identified through hand-searching. More
discriminating full text review of the 35 candidate studies for inclusion [25-34,38-62]
decreased the yield to 10 studies (see Table 1, Included Studies) [25-34,61]. A one-year
follow-up to one of the included studies [61] was published in December 2007 [31], and the
additional time point was added to the analysis. A Table of Excluded Studies, outlining
reasons for exclusion of the remaining 25 studies, can be obtained from the first author upon
request. The complete study selection process is shown in figure 1.

Inter-rater reliability was calculated during the title/abstract review phase. Thirty nine
studies were categorized as eligible by both reviewers, and 689 studies were categorized as
ineligible by both reviewers. The proportion of agreement (percent concordant) between the
two authors was 93% (728 out of 779; 95% CI, 92% to 95%).

Data Extraction and Quality Assessment

Data from the ten studies were extracted using a data extraction form. Extraction was
checked by two authors, and discrepancies were resolved by consensus among four authors
(BS, BH, DH, HGM). The sample characteristics extracted were: study quality, sample size,
age, gender, ethnicity, number of cigarettes/day, Fagerstrom score [63], BMI, weight, and
weight concern. Smoking cessation outcome was classified as either short-(< 3 months) or
long-term (=6 months) based on recommendations made by the Society for Research on
Nicotine and Tobacco Subcommittee on Abstinence Measures [64]. If a study did not
provide a short-term data point, we extended the time criterion up to 4 months in order to
capture one. For the long-term outcome, we chose the latest follow-up assessment after six
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months that was available. The same procedure was followed for the classification of weight
gain outcomes. To maintain the assumption of independent sets of effect sizes, we included
only one effect size estimate from each study for each category of outcome. When a study
offered more than one assessment that met our criteria for either short-(< 3 months) or long-
term cessation (= 6 months), we selected the latest assessment time point that fit within our
definition. The same procedure was followed for selection of weight outcomes.

For smoking, abstinence status was coded as continuous (abstinence between initial quitting
and a follow-up time point) if available, or as 7 day point-prevalence (abstinence during the
week prior to assessment). If both continuous and point prevalence abstinence were
available, we analyzed the former as it affords the more rigorously defined measure of
abstinence. In all cases, abstinence status was measured using the combination of self-report
of smoking and biochemical verification. Weight gain outcome was coded according to the
sample on which it was based: either all participants randomized to treatment or abstainers
only. If both all randomized and abstainers only weight gain were available, we analyzed the
all randomized as the more comprehensively representative outcome of the sample. Standard
deviation was selected as the unit of distribution dispersal measurement and kg was selected
as the unit of weight for between-study analytic comparison. In instances where included
studies reported different units (e.g., confidence interval, pounds), the reported units were
converted for uniformity prior to analysis.

Quality of studies was assessed using the validated PEDro scale [65]. This scale was
developed using physiotheraphy studies and, accordingly, acknowledges that blinding is
important, but not always feasible. Conducive to scoring of behavioral interventions, the
scale rewards studies that cannot be double-blinded due to the study question but otherwise
have a high internal validity [66,67]. Two items from the PEDro Scale regarding blinding of
subjects and therapists were not scored, as these were not feasible given the interventions
studied.

Data Synthesis and Meta-Analysis

Study effects were combined using the Comprehensive Meta-analysis software version
2.2.046 [68]. When a study had multiple smoking/weight intervention or control groups, the
effect size reflects the difference in outcome (either smoking abstinence or weight gain)
between the pooled experimental arms and the pooled control arms. For the dichotomous
outcome of smoking cessation, the effect is measured by the odds ratio, which is the odds of
cessation in the intervention group divided by the odds of cessation in the control group.
Odds ratios greater than 1 favor the intervention group. For the continuous measure of
weight gain, the effect is measured by Hedge's g, which is the treatment minus control
difference in group means divided by the pooled within-group standard deviation [69].
Negative values of g favor the intervention group. For each analysis, the combined effect
size (odds ratio or g) is reported together with a two-sided 95% confidence interval, a z
statistic for the test that the combined effect is zero, and a 2-tailed p-value for this test.
Forest plots are included with each analysis, where squares represent individual studies, the
size of the square represents the study size, and a diamond represents the combined effect.

Because tests of homogeneity were done and found to be statistically significant for some
outcomes, the random effects model was used [70-72]. This model takes into account the
between study variability in estimating the standard error of the outcome measures and
enables generalization beyond the observed datasets. Heterogeneity was explored by
performing sensitivity analyses for short- and long-term outcomes. Similar analyses
examined treatment effects on smoking cessation separately for studies that evaluated
continuous abstinence and for those that evaluated point prevalence to see if results differed.
Subgroup analyses were also performed for studies that evaluated weight gain for all
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randomized participants and for those that analyzed abstainers only. Meta-regression was
conducted to examine associations between treatment effects and study quality.

Funnel plots [73] of odds ratio and standardized Hedge's g against standard error were used
to assess ascertainment (i.e., publication) bias. Ascertainment bias would be evidenced by
asymmetry in the funnel plot. Weighted linear regression-based [74] methods were used to
test the asymmetry of funnel plots. The method of Rosenthal [75] was used to estimate the
number of unpublished studies (fail-safe N) that would be required to turn an overall
significant effect into a nonsignificant effect. PEDro scales were correlated with effect sizes
for all outcomes using the Spearman correlation coefficient.

Experimental Versus Control Treatments

Smoking Cessation—Combined smoking plus weight treatment produced significantly
higher short-term abstinence (OR=1.29, 95% C1=1.01,1.64 p=.041, Figure 2) than did
smoking treatment alone. The weight intervention advantage was no longer significant for
long-term abstinence (OR=1.23, 95% CI1=0.85,1.79 p=.27, Figure 3). The direction of the
effect size was similar across both types of abstinence measures (continuous abstinence
(CA) and point prevalence (PP) for the short-term (CA OR=1.27, 95% C1=0.96,1.68 p=.088;
PP OR=1.40, 95% CI=.72,2.75 p=.33) and the long-term outcomes (CA OR=1.31 95%
Cl1=0.80,2.14 p=.29; PP OR=1.11 95% CI=.56,2.20 p=.76). (Raw data for all analyses is
provided in the supporting information that accompanies this paper (see details at the end).

Post-cessation Weight Gain—Combined smoking plus weight treatment also reduced
short-term weight gain significantly compared to smoking treatment alone (g=-0.30 95%
Cl=-0.57,-0.02 p=.035, Figure 4). The advantage was no longer significant for long-term
weight control (g=-0.17 95% CI=-0.42,0.07 p=.16, Figure 5). Direction of effects was
similar regardless of whether weight gain was measured for all randomized participants
(AR) or abstainers only (AO) for the short term (AR g=-0.11, 95% CI1=-0.28,0.07 p=.24; AO
g=-0.48, 95% Cl=-1.10,0.15 p=.13) and the long-term (AR g=-0.10, 95% CI=-0.36,0.15 p=.
43; AO g=-0.45, 95% CI=-1.16,0.27 p=.23).

Publication bias and quality scores

In the tests for publication bias, Egger's two-tailed p-values ranged from 0.06 to 0.33 for the
four main analyses, giving evidence against the possibility that small negative studies may
have been excluded. For the short term results that were statistically significant, the fail-safe
N was 13 for smoking cessation and 38 for weight gain, indicating that many null studies
would be required to reverse the statistical significance of these results.

PEDro scales ranged from 5 to 8 for the studies analyzed. There was no significant
correlation between the PEDro scale and the effect sizes for Figures 2 through 5, with
Spearman correlation coefficients ranging from -0.42 to 0.17 with p>0.35 for all
correlations.

Discussion

Country-specific tobacco treatment guidelines differ in their clinical recommendations
regarding management of post-cessation weight gain, and no quantitative systematic review
of the evidence has previously been available. Despite the salience of weight gain for
patients, the topic is not discussed in tobacco practice guidelines for England [76,77],
Scotland [78,79]; and Northern Ireland [80]. Guidelines from New Zealand caution that
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attempting to achieve weight control simultaneously with smoking cessation could
undermine tobacco abstinence. The New Zealand Ministry of Health advises that “Dieting at
the same time as stopping smoking may increase the risk of relapse, therefore people should
concentrate on achieving and maintaining abstinence from smoking first and then tackle the
issue of weight gain” [81]. Similarly, the 2000 United States Public Health Services
(USPHS) tobacco guideline recommended that patients concentrate primarily on smoking
cessation, not weight control, until ex-smokers are confident that they will not return to
smoking” [1]. The USPHS 2008 guideline update advises clinicians to help patients quit
smoking first and then address weight gain either personally or by referral [82].

The concern that weight control efforts might undermine tobacco abstinence originated from
an early clinical trial by Hall, Tunstall, Vila, and Duffy [30] that suggested detrimental
effects of weight control efforts on smoking cessation outcome. Some subsequent theory
[83] and evidence [34,84] indicates that trying to change multiple behaviors simultaneously
is difficult and can undermine efforts to change any single behavior. However, other
evidence indicates that changing multiple behaviors simultaneously is feasible [85]. Results
of this systematic review and meta-analysis do not confirm worries that adding behavioral
weight control treatment to behavioral smoking cessation intervention undermines tobacco
abstinence. On the contrary, the findings indicate that combined smoking cessation + weight
control treatment, compared to smoking cessation treatment alone, enhances tobacco
abstinence and also reduces post-cessation weight gain significantly in the short-term.
Although combined smoking plus weight treatment still lacked any adverse effect on
abstinence, the advantageous effect on weight control was no longer significant after six
months.

Since the trends were for weight control treatment to produce positive long-term effects on
both abstinence and weight control, we considered whether the study was adequately
powered to detect meaningful long-term benefits. If the intra-study correlations in the
outcome measures are taken into account then, using a two-tailed test with a Type | error
rate of 5%, the cumulated sample had 80% power to detect an odds ratio advantage of 1.36
for short term smoking cessation and 1.60 for long-term abstinence. This translates into a
difference in cessation rates of 32% in the control group versus 39% in the treatment group
for short term abstinence and 16% versus 22% for long term abstinence. There was 80%
power to detect a standardized mean difference of 0.16 for short-term weight control and
0.19 for long-term weight control. This translates into a mean short term weight gain of 1.42
kg in the control group versus 0.98 kg in the treatment group and a mean long term weight
gain of 3.88 kg versus 3.21 kg. Therefore, power appears to have been adequate to detect
long-term benefits on both smoking cessation and weight control.

The results did not suggest publication bias, nor was there evidence that results differed as a
function of different methods of assessing abstinence (continuous versus point prevalence)
or weight gain (all randomized participants versus continuously abstinent participants). Only
half of the studies tested for differential attrition, but of those, four found no evidence of it
(31, 33, 35, 36); one found greater retention for patients randomized to weight control
treatment (34). Participants were randomized to the experimental (smoking + weight) or
control (smoking only) conditions, limiting the likelihood that third variables account for
observed benefits of adding weight control to smoking cessation treatment. Intervention and
control conditions were reasonably well-matched on intensity and duration for most studies
(see Table 1), making it unlikely that greater attention or support explained an advantage of
combined smoking and weight treatment. Of the specific studies that showed significant
benefit of combined treatment on short-term [25,27] and long-term [25] abstinence, and
short-term [25,32] and long-term [26,32] weight control, only one [32] extended greater
therapist support to the combined treatment group.
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We conclude that, rather than undermining either short- or long-term abstinence, adding
weight control to smoking treatment improves both abstinence and weight control in the
short-term. In the longer term and at the present stage of treatment development, adding
weight control to smoking cessation treatment does not appear to produce either benefit or
harm.

Most combined behavioral smoking and weight treatments tested to date have been
unsuccessful at significantly suppressing long-term weight gain. Although several guidelines
advise that exercise reduces post-cessation weight gain [81,90,91], we did not find any trial
testing exercise alone as the weight control intervention that showed significantly reduced
long-term, or even short-term weight gain. The two behavioral interventions that did
produce significant long-term suppression of weight gain were very different from each
other. One implemented a strict regimen of dieting, exercise, and daily weighing [32]; the
other discouraged dieting and encouraged weight acceptance [26]. These two studies had no
other unique commonalities that we could discern. Women in one study were weight-
concerned [26]; those in the other study were not [32]. Both interventions entailed a group
treatment format, but so did the interventions in all but one other trial [31]. The two trials
were done in different decades and in different parts of the United States.

The finding of a significant intervention-related weight control benefit in short-term but not
yet long-term follow-up parallels findings for weight control treatment more generally [86]
and may suggest a need to extend the duration of treatment. The observed success at
preventing short-term weight gain surpasses that obtained for weight gain prevention in
children [87]. Disappointing results for long-term weight control parallel those for weight
gain prevention among adult women [88-89]. Obesity intervention has seen more than a
doubling of weight control benefit in three decades largely as a result of extending treatment
duration from an average of 8 to 32 weeks [92]. The longest treatment duration in the
present sample of studies was 16 weeks. Improvement in the management of recurrent
disorders, such as depression, has been achieved by extending the duration of medication.
Likewise, chronic vulnerability to behavioral problems like smoking or obesity may also
require long-term intervention.

As is often the case, the conclusions that can be drawn from the present systematic review
are limited by the relatively restricted number of high-quality randomized clinical trials
available to address the study questions. Constraints on the availability of high quality
primary research are a problem that characterizes the evidence base for many interventions,
particularly behavioral ones [93-96]. Findings may only be able to be generalized to
females, in view of the fact that 2079 participants in the included trials were females and
only 154 were males. Conclusions may apply only to formal programs that promote
smoking cessation and weight gain prevention, since it is not clear that the findings would
extend to smokers attempting to quit and limit their weight gain on their own. The nature of
the smoking cessation and weight control interventions, the timing of assessments, and the
metrics for abstinence in the relevant studies were heterogeneous. To its credit, the tobacco
research community has called for greater consistency in the conduct, analysis, and
reporting of smoking cessation trials [64]. Increased availability of transparently and
consistently reported trials [97] and research syntheses will help to advance evidence-based
practice in smoking cessation with weight gain prevention.

Our appraisal of the research provides no suggestion that combining formal smoking
treatment and behavioral weight control produces any harm and significant evidence that
combined treatment produces short-term benefit for both abstinence and weight control.
However, the absence of long-term enhancement of either smoking cessation or weight
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control by the time-limited interventions studied to date fails to justify expenditures on
weight gain prevention treatment for patients who are quitting smoking.
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Figure 1. Study Flow Diagram
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T

Figure 2. Effect of Control Treatment (Smoking Cessation Only) versus Weight Treatment
(Smoking Cessation + Weight Control) on Odds of Short Term Smoking Cessation

Diamond indicates overall short-term effect. The width of the diamond indicates the 95%
confidence interval. The size of the square for each individual effect is proportional to the
study's weight in the analysis.
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Figure 3. Effect of Control Treatment (Smoking Cessation Only) versus Weight Treatment
(Smoking Cessation + Weight Control) on Odds of Long Term Smoking Cessation

Diamond indicates overall long-term effect. The width of the diamond indicates the 95%
confidence interval. The size of the square for each individual effect is proportional to the
study's weight in the analysis.
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Figure 4. Effect of Control Treatment (Smoking Cessation Only) versus Weight Treatment
(Smoking Cessation + Weight Control) on Short-Term Post-Quit Weight Gain

Diamond indicates overall short-term effect. The width of the diamond indicates the 95%
confidence interval. The size of the square for each individual effect is proportional to the
study's weight in the analysis.
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Study name Outcome

Hedges's
g

Danielsson [25] LT -0.264
Hall [32] LT -0.419
Marcus [27] LT 0.243
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Pirie [33] LT 0.119
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Statistics for each study
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Favors Weight Tx Favors Control Tx

Figure 5. Effect of Control Treatment (Smoking Cessation Only) versus Weight Treatment
(Smoking Cessation + Weight Control) on Long-Term Post-Quit Weight Gain

Diamond indicates overall long-term effect. The width of the diamond indicates the 95%
confidence interval. The size of the square for each individual effect is proportional to the
study's weight in the analysis.
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