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Abstract
Weight gain typically accompanies smoking cessation, and women smokers concerned about
postcessation weight gain are prone to substantial gain. Little is known about the ways in which
cessation affects dietary composition. Understanding postcessation changes in dietary composition
may inform the design of smoking cessation interventions to address postcessation weight gain.
Participants were women smokers concerned about postcessation weight gain enrolled in a
randomized trial and assigned to either bupropion or placebo, and either standard cessation
intervention or standard intervention plus components to address weight concerns. Women
completed three, 24-hour food recall interviews at baseline, and at 1 and 6 months following a
targeted quit date. At 6 months, 22% of women were abstinent and had gained 3.6 (±2.7) kg,
compared to 0.91 (±2.0) kg for women who continued to smoke, p = 0.42. Abstinent women
reported significantly higher energy intake and consumed a smaller percentage of fat across
assessment points than did those who continued to smoke. Intervention was not associated with
differential weight gain, or change in percent of calories from protein, fat or carbohydrates. This
study is the first documentation of energy and macronutrient intake during smoking cessation
treatment using a validated 24-hour dietary recall methodology. Although cessation was
associated with overall increases in energy intake among women, neither bupropion nor weight
concerns treatment affected energy or macronutrient intake. Future research to understand the
relation between cessation and dietary intake needs to replicate and extend these findings to
elucidate how, if at all, smoking cessation affects dietary intake.
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Introduction
It is well established that smokers gain weight upon successful cessation, with weight gains
of approximately 5.4 kg (12 lb) during the first six months after quitting (Hudmon, Gritz,
Clayton, & Nisenbaum, 1999; Klesges et al., 1997). Although weight gain tends to stabilize
during the second six months of the first year postcessation (McBride, French, Pirie, &
Jeffery, 1996), there is some evidence of continued weight gain years after quitting (Lycett
et al., 2011; O’Hara et al., 1998). Specific subgroups of smokers, notably women smokers
who endorse specific concerns about postcessation weight gain, tend to gain even larger
amounts after quitting than do typical smokers. For example, weight-concerned women who
quit and remained quit for one year gained an average 7.7 kg (17 lb) after quitting (Perkins
et al., 2001). Thus, several studies have evaluated interventions to address postcessation
weight gain and concerns about weight following cessation.

Bupropion, an efficacious treatment for smoking cessation (Ahluwalia, Harris, Catley,
Okuyemi, & Mayo, 2002; Aubin et al., 2004; Fiore, 2000; Hurt et al., 1997; Jorenby et al.,
1999), has been associated with less postcessation weight gain than placebo, regardless of
pretreatment weight concerns (Ahluwalia et al., 2002; Hays et al., 2001; Hurt et al., 1997;
Parsons, Shraim, Inglis, Aveyard, & Hajek, 2009). Among women expressly concerned
about postcessation weight gain, cognitive behavioral treatment (CBT) designed to decrease
smoking-related weight concerns also has been reported to improve rates of continuous
smoking abstinence one year posttreatment relative to a standard cessation program (Perkins
et al., 2001). Like bupropion, CBT for weight concerns attenuated weight gain among
women who remained abstinent (Perkins et al., 2001). However, the weight gain attenuating
effects of bupropion do not persist consistently after withdrawal of medication (Parsons et
al., 2009), and support for postcessation weight-attenuation following CBT for weight
concerns has been inconsistent (Levine et al., 2010). Moreover, the ways in which either
intervention affects postcessation energy intake, if at all, are not well understood. Although
it has been suggested that changes in macronutrient intake, that is energy intake from
proteins, carbohydrates and fat, affect weight gain after cessation (Hughes & Hatsukami,
1997), little is known about changes in intake from carbohydrates, fats and proteins, during
cessation treatment.

Of particular relevance to the present investigation, an initial evaluation of the efficacy of
CBT designed to decrease smoking-related weight concerns by our research group indicated
that CBT improved rates of smoking abstinence one year posttreatment relative to a standard
cessation program (Perkins et al., 2001). More recently, we examined the combination of
CBT for cessation-related weight concerns and bupropion, based on the rationale that a
weight concerns intervention combined with bupropion would increase cessation rates
further. We documented that this combination was efficacious for smoking cessation but
neither postcessation weight gain or smoking-related weight concerns differed by
intervention group (Levine et al., 2010).

Although our previous study did not find that bupropion, CBT or their combination affected
post-cessation weight gain in weight-concerned women, understanding changes in
postcessation dietary intake may help in design of treatments to prevent postcessation
weight gain in weight concerned women. Previous work has suggested that changes in
macronutrient intake affect weight gain after cessation (Hughes & Hatsukami, 1997).
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However, much of the extant research on energy intake after smoking cessation has been
conducted cross-sectionally, comparing smokers to nonsmokers (de Castro & Taylor, 2008),
or using self-report questionnaire-based measures of dietary intake (Allen, Hatsukami,
Brintnell, & Bade, 2005; de Castro & Taylor, 2008; Vander Weg, Klesges, Eck Clemens,
Meyers, & Pascale, 2001). Because individuals tend to under-report intake on
questionnaires, the use of food recall interviews, which use a five-step multiple pass method
reflects changes in intake over time more accurately than questionnaires (Conway,
Ingwersen, Vinyard, & Moshfegh, 2003), and are particularly amenable to use in a clinical
trial. Indeed, although underreporting has been documented in all measures of dietary intake,
evidence suggests that automated multiple pass methods are more valid measures of nutrient
intake than food frequency questionnaires among motivated, normal weight women
(Blanton, Moshfegh, Baer & Kretsch, 2006).

In summary, little is known about how or whether macronutrient composition changes
during smoking cessation treatment. Moreover, the use of a detailed, interview-based
methodology to determine dietary intake pre- and postcessation may provide a more
complete understanding of changes in women’s dietary intake patterns after quitting, which
in turn may inform the design of intervention to address weight gain postcessation.
Accordingly, we examined changes in macronutrient intake during our previously reported
study of the separate and combined utility of CBT and bupropion for smoking cessation in
weight concerned women. (Levine et al., 2010), and examined the effects of smoking
cessation on energy and macronutrient intake. We hypothesized that overall energy intake
would increase with abstinence, and that bupropion and CBT treatment would be associated
with smaller changes in overall intake after cessation.

Method
Participants

Participants were women who participated in a randomized, double-blind, placebo-
controlled trial of weight-concerned women smokers (Levine et al., 2010) and completed
food-recall assessments. Women were randomly assigned to either a smoking cessation
intervention designed to address weight concerns or a standard smoking cessation group
(SS), and either bupropion (B) or placebo (P). All women smoked a minimum of 10
cigarettes per day and endorsed concern about postcessation weight gain on one of two
questions designed to assess degree of postcessation weight concerns. Participants in the
current study (N = 337) also completed telephone nutrition assessments at baseline, and at 1
and 6 months after a targeted quit date (TQD). On average, women were 42.0 (±10.1) years
old, smoked 20.7 (±8.4) cigarettes per day, had smoked for 24.1 (±10.2) years, and had a
BMI of 27.3 (±5.5) pretreatment. Most were white (86.1%), married (74.4%), and had some
college education (85%).

Procedure
As detailed previously (Levine et al., 2010), women received weekly group cessation
counseling (either CBT or a standard smoking cessation treatment) over a three month
period and medication (bupropion or placebo) was provided for 6 months. Women were
given a TQD in the second week of the program and scheduled to complete food recall
interviews prior to quitting, and at approximately 1 and 6 months after the TQD.
Demographic information was collected prior to randomization. Assessments of smoking
and weight were completed at baseline and prior to each counseling group session.

Assessment of Weight—Women were weighed in street clothing without shoes prior to
each session. Height was measured at baseline using a mounted stadiometer and BMI
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calculated as weight (kg)/height (m)2. Precessation weight was computed as the average of
weights at the three treatment sessions prior to the TQD.

Smoking Cessation Outcome—At each visit, expired-air carbon monoxide was
collected and women were asked about use of tobacco products since their last visit, using a
timeline follow-back methodology. Relapse was defined as the self-report of smoking for
seven consecutive days at any point after the TQD or any biochemical indication of
smoking. Women who did not quit or who dropped out of treatment were considered to have
relapsed as of the day following the last visit on which abstinence was verified. In cases
where CO did not confirm abstinence or were not available, women were coded as relapsed.
Point prevalent abstinence was defined as the self-report of no smoking during the seven
days prior to the assessment and a CO reading of 8 or less. Prolonged abstinence (PA) was
used as the main assessment of abstinence for this report and was defined as repeatedly
meeting criteria for point prevalence.

Nutrition Data—Nutrition assessments were completed by telephone prior to the TQD and
at 1 and 6 months after the TQD. Three 24-hour dietary recalls were conducted at each
assessment point using the interactive, computerized software program, the Nutrition Data
System for Research (NDSR), developed by the University of Minnesota Nutrition
Coordinating Center. Food recalls are reliable assessments of group energy and
macronutrient intake (Conway, Ingwersen, & Moshfegh, 2004) and assess dietary intake
within 10% of actual intake under controlled conditions (Conway et al., 2003). In addition,
multiple pass food recall interviews can be completed accurately by telephone (Tran,
Johnson, Soultanakis, & Matthews, 2000).

Interviewers were trained to use a computerized dietary recall system, which uses specific
probes to help the respondent remember all of the foods eaten and details on how foods were
prepared. Interviewers used a multiple pass approach in which women were first prompted
to generate a quick list of foods consumed. Next, the list was reviewed using prompts to
help individuals recall easily forgotten foods (e.g., butter on toast) and for all occasions of
food consumption (e.g., coffee breaks). Third, individuals were asked to describe foods and
beverages by brand name, ingredients and preparation, portion size, and quantity eaten.
Finally, the list was reviewed to ensure completeness. Food recall interviews were
conducted on Tuesdays and Wednesdays, and women were asked to recall one weekend and
two weekdays (Monday and Tuesday).

Data Analysis—Descriptive statistics and quantile plots for nutrition data were generated
to screen for abnormal values and to check normality assumptions. There were five cases in
which women reported energy intake of less than 400 kcal/day, which is substantially below
the expected intake. Consistent with previous reports using data from 24-hour dietary
recalls, these outliers were excluded from analysis (Hebert et al., 2002; Samuel-Hodge,
Fernandez, Henriquez-Roldan, Johnston, & Keyserling, 2004). Thus, the total energy intake
ranged from 434 to 5,015 kcal with a mean of 1,558, ± 570 kcal.

We applied mixed-effects models to nutrition data collected from the whole sample using all
time points, with terms including abstinence status, treatment group, time and the abstinence
status by time interaction. A secondary analysis was carried out including women who met
criteria for PA at 6 months. In this analysis, treatment group and time were evaluated. The
interaction between treatment group and time was not included for energy or macronutrient
intakes as there was no main effect of treatment on these variables.
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Results
Changes in dietary intake by smoking status

At 6 months, 22.0% (74/337) of participants were abstinent. Women who were abstinent
gained an average of 3.6 (±2.7) kg compared to a 0.91 (±2.0) kg gain among women who
were still smoking, p = 0.42. As expected, women reported significantly increased energy
intake over time across all treatment groups, F (2,791) = 3.64, p = 0.03 (d = .12) and with
cessation, F (1,791) = 5.37, p = 0.02 (d = .16) with no interaction between time and
cessation, F (2,791) = 0.01, p = 0.99. As illustrated in Figure 1, energy intake increased over
time in both women who did and did not quit (140 ± 98 kcal and 127 ± 62 kcal in abstinent
and smoking women, respectively). In addition, although differences in energy intake were
not significant at any individual assessment point, women who were abstinent at 6 months
reported higher energy intake at each assessment than did those who were not abstinent.

Women who were abstinent at 6 months also consumed a smaller percentage of intake from
fat than did those who were not abstinent, F (1, 791) = 4.64, p = 0.03 (d = .15), but there was
no significant interaction between abstinence status and time for fat intake (p = 0.73).
Women who were abstinent at 6 months ate 34.2%, 34.9 and 34.5% of their calories from fat
at baseline, 1- and 6 months postcessation, compared to 36.2%, 35.7 and 36.4%,
respectively among women who did not maintain abstinence. Thus, women who remained
abstinent did not differentially change the proportion of calories consumed from fat relative
to those who did not achieve sustained abstinence. Further there were no differences in the
percent of energy intake from protein or carbohydrates over time among abstinent women (p
> 0.15).

Changes in dietary intake by treatment group
Although weight gain among abstinent women did not differ across the treatment groups, we
were interested in examining changes in macronutrient intake by treatment group to identify
potential explanations for previous weight attenuating effects of bupropion and CBT for
weight concerns. Among women who remained abstinent through 6 months, intervention
condition was not related to changes in dietary intake. There were no differences in energy
intake over time among women who received bupropion, CBT, or the combination [F
(3,198) = 2.07, p = 0.11]. Moreover, the percent of calories consumed from protein, fat or
carbohydrates among abstinent women did not differ among the intervention conditions (p’s
> 0.09).

Conclusions
Weight concerned women who successfully sustained smoking cessation for six months
reported greater overall energy intake and consumed a smaller proportion of energy intake
from fat than did women who did not sustain smoking abstinence. Although effect sizes
were small, women in the current study who successfully maintained abstinence over a six
months period reported higher energy intake, a finding consistent with the well-documented
changes in body weight that occur after smoking cessation. Notably, however, all women
participating in an intervention for smoking cessation, regardless of successful cessation,
reported increased dietary intake over time. Thus, the increased energy intake over time in
both successful and unsuccessful abstainers may represent increased intake related to efforts
to stop smoking. This finding is consistent with the notion that individuals need to accept
that efforts to quit smoking may be accompanied by weight gain (Perkins, 2001; Perkins,
Levine, Marcus, & Shiffman, 1997).

In addition, women who successfully maintained smoking abstinence through six months
reported eating less dietary fat than did those who did not quit. However, the absolute
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differences in fat intake were small, and the clinical significance of these differences are not
clear as all women reported a proportion of fat intake on the upper end of that recommended
for American adults (USDA, 2010). Moreover, although abstinent women reported less fat
intake at each assessment than did women who did not quit, abstinent women did not
differentially increase consumption of fats, proteins or carbohydrates over time after
smoking cessation. This finding suggests that cessation-related weight gain may not be
preferentially associated with increased intake of fats and carbohydrates, as has been
suggested previously (Hughes & Hatsukami, 1997). Although available data has indicated
that smokers who quit and remain quit report increased consumption of sweets (French,
Hennrikus, & Jeffery, 1996), calories from sugar (Rodin, 1987) and calories from
carbohydrates (Spring, Wurtman, Gleason, Wurtman, & Kessler, 1991), we did not confirm
these findings. Finally, the present data also suggest that neither bupropion nor CBT for
weight concerns, both of which have been associated with weight gain attenuation in
previous research (Perkins et al., 2001; Ahluwalia, Harris, Catley, Okuyemi, & Mayo, 2002;
Hays et al., 2001; Hurt et al., 1997; Parsons et al., 2009), are associated with changes in
intake of overall calories or with differential changes in women’s macronutrient intake after
smoking cessation.

Like all changes in body weight, postcessation weight gain is a function of an imbalance
between energy intake and expenditure. The present data pertain only to the intake side of
this energy balance equation. Although changes in energy expenditure also may contribute
to postcessation weight gain, the preponderance of evidence suggests that change in body
weight after smoking cessation relate more to increases in intake than to sustained change in
expenditure. For example, although there is an acute metabolic effect of nicotine (Perkins,
1993), short-term smoking cessation has been associated with increased weight and energy
intake, but not with changes in resting energy expenditure (Ferrara, Kumar, Micklas,
McCrone, & Goldberg, 2001; Vander Weg et al., 2001). Women who sustained abstinence
did not change the proportion of any macronutrient group over time suggesting that women
do not have a preference for high fat, high sugar snacks while quitting. Although episodes of
snacking, per se, are not captured by 24-hour food recalls, typical snack foods are often high
in carbohydrates and fat, rather than protein. Thus, the absence of differential changes in
macronutrient content following cessation suggests that women consumed more food overall
rather than higher fat, higher calorie foods specifically.

There were many strengths to the current study. Notably, this study was the first to use the
automated multiple pass method to determine dietary intake among women quitting smoking
over time, and included collection of high quality smoking status and dieatry data as part of
a larger clinical trial for weight-concerned women smokers. Nevertheless, although dietary
recalls are reliable indicators of change in energy and macronutrient intake (Blanton,
Moshfegh, Baer, & Kretsch, 2006; Conway et al., 2004; Conway et al., 2003) and are often
used in weight loss trials (Dolecek, Stamler, Caggiula, Tillotson, & Buzzard, 1997;
Thomson et al., 2003), there are problems with all self-report methods of nutritional
assessment. Limitations of this specific method of assessing intake include errors in
recalling past eating events, missing food recall interviews, and interviewer error in
recording and entering foods data. In addition, the fact that only women concerned about
postcessation weight gain were studied limits the generalizability of these data. For example,
the previously observed effects of bupropion on weight gain during smoking cessation
(Parsons et al., 2009) were not observed in this subgroup of women smokers with specific
concerns about weight gain.

In summary, the present study extends the literature on smoking-related weight gain and
weight concerns among women. However, additional prospective research is needed to
examine the potential implications of the current findings. On the one hand, interventions
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may need to promote the acceptance of moderately increased energy intake and weight gain
with cessation (Perkins, Levine, Marcus, & Shiffman, 1997) and strive to mitigate excessive
cessation-related weight gain (Perkins et al., 2001). Alternatively, the current findings
suggest that weight management interventions emphasizing the need for control of overall
levels of energy intake offered prior to or initiated concurrently with a quit attempt (e.g.,
Spring et al., 2004), may not impede smoking cessation efforts. Finally, given the
importance of understanding the role of energy intake and weight gain during smoking
cessation attempts, studies designed to evaluate whether a weight control or weight gain
acceptance intervention may have differential utility for particular sub-groups of smokers
may be worthwhile.
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Figure 1.
Total Calories by Smoking Status over Time.
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