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Young Woman Smokers Gain Significantly More Weight Over 2-
Year Follow-up than Non-Smokers: How Virginia Doesn't Slim

Eric Stice, C. Nathan Marti, Paul Rohde, and Heather Shaw
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Abstract

Objective—Although young women often report smoking for weight control purposes, no
prospective study has tested whether smokers subsequently gain less weight over time than non-
smokers. As this is an important lacuna because smoking results in greater mortality than obesity,
the present study addresses this question.

Method—Female college students (N = 398; M age=18.4, SD=0.6; M BM1=23.7, SD=4.3)
recruited for a body acceptance intervention trial provided data on smoking behavior and had their
body mass measured at baseline and at 1-mo, 6-mo, 1-yr, and 2-yr follow-ups.

Results—Counter to the belief that smoking is an effective weight control strategy, baseline
smokers (n = 29) gained significantly more weight (r = .29) than baseline non-smokers (n = 304),
controlling for baseline BMI, parental obesity status, socioeconomic status, and intervention
condition; over 2-yr follow-up smokers gained 2.9 kg versus 0.9 kg for non-smokers. Descriptive
data indicated that weight gain was greater for young women who quit smoking during follow-up
(n =13; M = 4.8 kg) than for persistent smokers (n = 16; M = 1.4 kg), though both groups gained
more weight than non-smokers.

Conclusions—Results challenge the widely held belief that smoking is an effective weight
control strategy, ironically suggesting that smokers gain more weight than non-smokers during
young adulthood, though non-experimental prospective studies do not establish causal relations
and future research with larger representative samples is needed.
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Introduction

Although obesity is the second leading cause of premature death, smoking is the first
(Hennekens & Andreotti, 2013; Mokdad, Marks, Stroup, & Gerberding, 2004). Ironically

© 2014 Elsevier Ltd. All rights reserved.

Correspondence should be addressed to Eric Stice, Oregon Research Institute, 1776 Millrace Drive, Eugene, Oregon, 97403. Phone:
1-541-484-2123. estice@ori.org..

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Stice et al.

Page 2

given these statistics, individuals often report smoking cigarettes for weight control
purposes, particularly young women (Boles & Johnson, 2001; White, 2012). Prospective
studies have confirmed that weight concerns significantly increase risk for future onset of
smoking among adolescent girls (Harakeh, Engles, Monshouwer, & Hanssen, 2010; Stice &
Shaw, 2003).

Prospective repeated-measures studies indicate that adults who show persistent smoking
gain less weight over time than persistent non-smokers (e.g., Klesges et al., 1998;
Mozaffarian, Hao, Rimm, Willett, & Hu, 2011; Rasmussen, Tynelius, & Kark, 2003), but
we were unable to locate any prospective studies that tested whether baseline smokers show
significantly less future weight gain than non-smokers followed over the same period. This
is important because by excluding individuals who quit smoking during the follow-up, the
repeated measures studies may produce misleading information about whether smoking is
associated with significant reductions in future weight gain. Given that many smokers quit
on a lasting or temporary basis, and smoking cessation has been consistently associated with
subsequent weight gain (Dennis et al., 2000; Flegal et al., 1995; Klesges et al., 1998;
Williamson et al., 1991), excluding those who quit or attempt to quit may erroneously
suggest that smokers are at lower risk for future weight gain. We therefore think it important
to test whether baseline smokers gain less weight over time than baseline non-smokers, as
the results could have significant public health implications.

It is particularly important to investigate this research question among female college
students because they are much more likely to report smoking for weight control purposes
than other populations (Klesges et al., 1998), the smoking rate for college students is 66%
higher than that of the general population (Centers for Disease Control and Prevention,
2009; Rigotti, Lee, & Wechsler, 2000), and few studies have investigated this population
(Simmons & Brandon, 2007). Indeed, young adults aged 18-24 represent the age group with
the highest smoking prevalence in the US (Freedman, Nelson, & Feldman, 2012). Thus, the
aim of this report was to test whether female college students who reported smoking at
baseline gained less weight over time relative to their non-smoking counterparts.

Materials and Methods

Participants and Procedures

Participants were 398 young women (M age=18.4, SD=0.6; M BMI=23.7, SD=4.3; 83%
European American, 8% Latino, 7% Asian, 2% African American) recruited from a
university using mailings, flyers, and leaflets inviting freshman women with body image
concerns to participate in a trial evaluating two body acceptance interventions; university
enrollment, female sex, and body image concerns constituted the inclusion criteria. Potential
participants were excluded if they met current diagnostic criteria for anorexia nervosa (AN),
bulimia nervosa (BN), or binge eating disorder (BED) because the goal of this trial was to
assess whether the Healthy Weight 2 intervention prevented eating disorder onset. The
Eating Disorder Diagnostic Interview was used to assess these exclusion criteria; DSM-1V
eating disorder diagnoses have shown inter-rater reliability (x = .86), 1-week test-retest
reliability (x = .96), and sensitivity to detecting effects of eating disorder prevention
programs (Stice, Mari, Shaw, & Jaconis, 2009; Stice, Rohde, Shaw, & Marti, 2012). The
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University of Oregon and Oregon Research Institute IRBs approved this study. Participants
provided written informed consent. Participants were randomly assigned to the 4 1-hour
session Healthy Weight 2 group-based eating disorder/obesity prevention program or an
educational brochure control condition, providing interview and survey data at baseline and
at 1-mo, 6-mo, 1-yr, and 2-yr follow-ups. See Stice and colleagues (2012) for details about
random assignment, content of the Healthy Weight 2 intervention and the educational
brochures, facilitator training and supervision, assessor training, quality assurance, and
participant compensation.

Smoking—A smoking composite score was computed as the product of smoking
frequency and smoking quantity based on items from (Johnston, O'Malley, & Bachman,
2000). Smoking frequency was assessed by an item that asked participants how many times
of the past year they smoked, with the following response categories: Never, A few times,
Less than monthly, 1-3 times a month, 1-2 times a week, 3-4 times a week, and 5-7 times a
week. Smoking quantity was measured by an item that asked participants approximately
how many cigarettes they smoked daily, with the following response options: 0, 1-2, 3-8,
9-14, 15-20, and 21 or more. Each measure was coded as an ordinal variable beginning with
zero. These items have shown 1-month test retest reliability (r = .91 & .92 respectively;
Stice & Shaw, 2003) and predictive validity for attenuated physical growth (Stice &
Martinez, 2005). More generally, self-reported use of nicotine products in research studies
has shown high agreement with serum cotinine, an indicator of nicotine exposure (e.g., < 1%
reporting no nicotine use had positive test for cotinine, Yeager & Krosnick, 2010).

Parental obesity—Participants were asked whether either their biological mother or
father were currently obese; the weight thresholds for obesity for women and men of
average height were provided as reference points. Participants who reported that one or both
of their biological parents were overweight or obese were coded as positive on this
dichotomous variable (1 = yes and 0 = no). Self-report versions of these items have shown
adequate temporal reliability (1-year test-retest reliability = .68) and reasonable concordance
(72% overall agreement) with parental self-report of obesity (Stice, Presnell, Shaw et al.,
2005).

Parental Education—Participants indicated the highest level of education for each of
their parents from the following categories: grade school graduate, some high school, high
school graduate, some college, college graduate, and advanced degree to serve as a proxy
measure for socioeconomic status. Education levels were coded as an ordinal variable and
averaged across parents.

Body mass—BMI was computed as weight in kilograms divided by meters squared. After
removal of shoes and coats, weight to the nearest 0.1 kg was obtained using a digital scale
and height was obtained to the nearest millimeter using a stadiometer. Two measures of
height and weight were obtained at each assessment and averaged in an effort to enhance
accuracy. BMI has been shown to correlate with direct measures of body fat such as dual
energy x-ray absorptiometry (r = .80 —.90) and health measures such as blood pressure,
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adverse lipoprotein profiles, and diabetes mellitus (Pietrobelli et al., 1998). As part of a
validation study (Stice, Durant, Burger, & Schoeller, 2011), a proportion of the sample
provided data on weight-related constructs of estimated total daily energy intake (using
doubly labeled water) and resting metabolic rate (using air displacement plethysmography
[BodPod] and indirect calorimetry [TrueOne 2400 Metabolic Measurement System]).

Data analysis—We implemented linear mixed effects models, which accommodate
multilevel data structures, using HLM 6.06 with robust standard errors (Raudenbush et al.,
2004) to examine change in BMI across the follow-up period. Linear mixed models also
accommodate unevenly spaced longitudinal data (Hox, 2010) and missing data by precision
weighting the impact of participants relative to the number of observations they provide
(Raudenbush & Bryk, 2002). We fit the model following recommendations for longitudinal
model building from Singer and Willett (2003). We initially examined the best model of
longitudinal change by comparing linear and nonlinear models of BMI change, ultimately
determining that the linear model, in which time was coded as the number of months from
the baseline assessment, was equivalent to or better than log-linear and quadratic models of
change using criteria for evaluating model Akaike Information Criterion (AIC) following
recommendations from Burnham and Anderson (2002). After establishing the model of
longitudinal change, we added person-level covariates, including intervention condition,
parental obesity, parental education, race (dummy coded as Hispanic, Native American,
Asian American or Pacific Islander, African American versus European American), and
baseline BMI, as well as the effects of greatest theoretical interest: baseline smoking
composite and the interaction between the baseline smoking composite and time. The model
contained a random intercept that reflects the variability in BMI at baseline. Models
included only participants that indicated that they had non-zero values for both smoking
quantity and smoking frequency (n = 29) and participants that did not smoke at baseline, 1-
year, and 2-year follow-ups (n = 304); participants that initiated smoking after baseline (n =
18) or did not respond to smoking items (n = 47) were excluded from all analyses.

We assessed the possibility that individual participants exerted disproportionate influence by
computing Cook's distance for each participant with the requirement that values should be
less that the 50t percentile of the F distribution (Kutner, Nachtsheim, Neter, & Li, 2005).
We estimated effect sizes for terms in the model by converting t values to Pearson's r
(Lipsey & Wilson, 2001). We also tested the possibility that baseline smoking status
moderated the effects of the obesity prevention program on change in outcomes by adding a
time x condition x baseline smoking status interaction and all implied lower order terms for
all outcomes.

There were 29 smokers included in the analysis. Among baseline smokers, 17% reported
smoking less than weekly, 34% reported smoking more than weekly, and 48% reported
smoking daily or near daily; 55% reported usage of 1-2 cigarettes per smoking day, 24%
reported 3-8 cigarettes per smoking day, and 21% reported 9 cigarettes or more per smoking
day. Baseline smokers exhibited higher baseline BMIs (M = 25.07, [SD = 5.80]) than non-
smokers (M = 23.47, [SD = 3.94]) (t[331] = 2.00, p =.047). Resting metabolic rate obtained
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from the BodPod, which exhibited strong agreement with resting metabolic rate obtained
from a metabolic cart in a subsample (r = .82, p < .001, n = 68), was higher for baseline
smokers (M = 1262.4 [SD = 180.6], n = 20) than baseline non-smokers (M = 1193.8 [SD =
152.0], n = 243), though the difference was only a marginal trend (t [261] = 1.91, p=.057,d
= 0.41). A comparison of doubly labeled water estimated total daily energy intake in a
randomly selected subsample indicated that baseline smokers (M = 2454.4 [SD = 507.0], n=
6) and baseline non-smokers (M = 2576.0 [SD = 455.6], n = 68) did not exhibit significant
differences (t [72] = 0.62, p = .536, d = —=0.11). There were no differences in the number of
smokers in each arm of the trial (x2[1] = 0.39, p = .349).

Model results are reported in Table 1. There was a significant effect for the parameter of
primary interest, the smoking-by-months interaction (t[1508] = 2.12, p=.034, r =.12),
which represented a small effect size. Unexpectedly, the positive effect indicated that greater
levels of smoking were associated with larger increases in BMI over the 2-year follow-up
period. Assessment of the model indicated that all participants fell below the outlier criterion
and random intercepts, evaluated using a QQ plot, adhered to a normal distribution. On
average smokers gained 1.1 BMI units (SD = 3.0, 95% CI [-0.1, 2.2]) and 2.9 kg (SD = 7.9,
95% CI [0.0, 5.8]) over follow-up. In contrast, baseline non-smokers gained 0.2 BMI units
(SD =1.6,95% CI[0.0, 0.4]) and 0.9 kg (SD = 4.3, 95% CI [0.4, 1.4]) over follow-up.
Examination of smoking as a moderator of intervention effects indicated that there was not a
significant time x condition x smoking interaction for BMI (t[1505] = 1.28, p = .203).

Given that the direction of the effect was opposite of what would be expected if smoking
were an effective weight control procedure, we examined whether this effect was driven by
excess weight gain exhibited by the subset of baseline smoking participants who quit
smoking during the follow-up, as cessation has been associated with subsequent weight
gain. Because of the small cell sizes involved, we present these data for descriptive
purposes, and refrained from conducting inferential tests. Figure 1 displays BMI for non-
smokers and among baseline smokers that we classified as either persistent smokers (n = 16)
if they smoked at all three time points or quitters (n = 13) if they reported not smoking at
either 1-year or 2-year follow-up. Smokers who quit smoking gained 4.8 kg (SD = 9.4, 95%
CI [-0.4, 9.9]), relative to smokers who did not quit, who gained 1.4 kg (SD = 6.4, 95% CI
[-1.7, 4.5]), and non-smokers, who gained 0.9 kg (SD = 4.3, 95% CI [0.4, 1.4]).

Discussion

Contrary to the notion that cigarette smoking is an effective weight control strategy, results
suggested that smokers gained significantly more weight over 2-year follow-up than non-
smokers (M = 2.9 kg vs. M = 0.9 kg, respectively). Although descriptive data suggested that
baseline smokers who quit gained more weight than those who persisted in their smoking (M
= 4.8 kg vs. M = 1.4 kg respectively), both groups gained more weight than baseline non-
smokers (M = 0.9 kg), though small cell sizes prevented us from estimating inferential tests.
The fact that smokers who quit gained more weight than those who did not in the present
sample converges with repeated-measures studies that have found that adults who quit
smoking gain more weight over follow-up than persistent smokers (Dennis et al., 2000;
Flegal et al., 1995; Klesges et al., 1998; Williamson et al., 1991), implying that our findings
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from this sample of young women with body image concerns may generalize more broadly.
One novel aspect of the present data is that the average frequency and quantity of smoking
was relatively low, as has been observed in other studies of college student smokers
(Simmons & Brandon, 2007), suggesting that even relatively light smoking may be
associated with subsequent weight gain.

Despite the fact that this study used a prospective design, which permits firmer inferences
than cross-sectional studies because temporal precedence is established, it is always possible
that some confound explains the relation between the independent and the dependent
variable. Interestingly, the present results extend prior prospective studies that have found
that people who engage in a variety of weight control behaviors, such as dietary restriction
of caloric intake, appetite suppressant/laxative use, vomiting for weight control, and exercise
for weight control show greater future weight gain than those who do not engage in these
behaviors (e.g., Chaput, Leblanc, Perusse, Despres, Bouchard, & Tremblay, 2009; Field et
al., 2003; Stice, Cameron, Killen, Hayward, & Taylor, 1999). This broader pattern of
findings imply that it is possible that individuals who struggle with weight control may
resort to various behaviors to curb overeating, but that these behaviors are not able to offset
the effects of overeating on future weight gain. Regardless, the evidence that smokers gain
more weight over a 2-year follow-up period than non-smokers may help debunk the
unhealthy belief that smoking is an effective weight control strategy, which is vital given
that smoking is still responsible for more preventable deaths than obesity (Mokdad et al.,
2004).

The evidence that smokers had significantly higher body mass at baseline than non-smokers
is generally consistent with the notion that many of the participants may have been engaging
in smoking for weight control purposes, though we did not directly assess smoking
intentions. It could also be that smokers are less healthy in multiple regards relative to non-
smokers. In this context it is important to note that because we controlled for baseline BMI,
it is unlikely that elevated initial body mass is a third variable that explains the positive
relation between baseline smoking status and elevated future weight gain.

Detractors may argue that the finding that smokers who quit gained more weight than those
who did not suggests that smoking is an effective weight control strategy. Indeed,
epidemiologic studies on the predictors of weight gain indicate that smoking cessation is
often the most potent predictor of future weight gain (Kahn et al., 1997; Koh-Banerjee et al.,
2003; Mozaffarian et al., 2011; O'Hara et al., 1998). However, the fact that smokers who did
not quit gained more weight than non-smokers, and certainly did not lose weight, offers little
support for this interpretation. It is important from a public health standpoint to note that
45% of the smokers at baseline reported quitting over the 2-year follow-up in the present
sample. In aggregate, the present findings imply that young women who smoke, potentially
for weight control purposes, will weigh more than those who do not smoke several years
later. The present data suggest that if a young woman starts smoking in adolescence, she will
tend to gain 2.9 kg in college over a 2-year period instead of 0.9 kg, and she has a 45%
chance of quitting smoking.
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It is important to consider the limitations of this study when interpreting the findings. First
and foremost, it will be vital to replicate the present findings using data from larger more
representative samples. Nevertheless, the model's results appear to be stable in the present
sample as evidenced by the fact that we used robust estimation for all models, numerous
covariates that could viably account for weight gain did not impact the finding, and there
was no evidence that outliers disproportionately influenced the model. Second, the present
sample was composed solely of female college students with body dissatisfaction, which
limits generalizability of the findings. However, the fact that we were able to replicate
previous evidence that smoking cessation was associated with greater weight gain than
persistent smoking suggests that the findings may generalize. Third, lack of data on smoking
intentions was a limitation to study interpretations, although the requirement that
participants have body dissatisfaction may have increased the likelihood that smokers were
doing so for weight control purposes. Fourth, only 17% of the present sample reported being
from minority ethnic groups, suggesting that findings should be generalized with care to
more ethnically diverse populations. Fifth, because we did not confirm smoking status and
non-smoking status biologically, it is possible that some individuals who reported not
smoking did actually smoke and vice versa, which would have reduced the magnitude of
effects. Finally, as noted, because smoking status was not manipulated experimentally, no
causal inferences from these data are possible, as some confound may explain the
prospective relations, such as psychiatric comorbidity.

Conclusions

The present findings challenge the widely held belief that smoking is an effective weight
control strategy, instead suggesting that after 2-years, young women who smoke will weigh
more than those who do not. Although the present data suggest that baseline smokers who
quit gained more weight than baseline smokers who did not, descriptive data imply that both
gained more weight than non-smoking young women. The finding that a high proportion of
this sample of young adult smokers quit over a 2-year period implies that many young
women who smoke may experience marked weight gain secondary to subsequent quit
attemps, suggesting that it is ill advised to turn to smoking for weight control purposes.
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Figure 1.

In panel A, raw values of BMI for non-smokers and baseline smokers; In panel B, raw
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values of BMI at each measurement occasion for (a) non-smokers, (b) persistent smokers,

and (c) participants who quit at some point after baseline.
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Table 1
Model coefficients

B SE df t p r
Intercept 035 046 299 0.76 449 .04
Baseline BMI 098 002 299 56.16 <.001 .95
Healthy Weight intervention ~ 0.00 0.08 299  0.02 .986 .00
Parental obesity -0.04 012 299 -035 729 -.02
Parental education 0.04 004 299 0.9 .368 .05
Hispanic 030 017 299 1.75 .080 .10
Native American -053 018 299 -2.88 .005 -.16
Asian or Pacific Islander 017 022 299 0.76 .450 .04
African American -0.25 056 299 -045 650 -.03
Baseline smoking 0.00 001 299 0.13 .895 .01
Months 0.01 0.00 1508 147 142 .08
Baseline smoking x months 0.01 000 1508 212 .034 12
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