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ABSTRACT

Objective: Cigarette smoking and obesity are the leading causes of premature morbidity and mortality and increase the risk of all-cause mortality four-fold when
comorbid. Although research suggests that smoking motives may differ based on body mass index (BMI), it is unclear how these differences translate to smoking
behavior.

Method: Three groups of adults who smoke cigarettes (N = 79; obese n = 25, overweight n = 30, and lean n = 24) completed measures of smoking and the Smoking
Motivations Questionnaire. Groups did not differ on age, education, cigarettes per day (CPD), pack-years, or nicotine dependence, as measured by the Fagerstrom
Test for Cigarette Dependence (FTCD).

Results: Analyses revealed different associations between reasons for smoking and smoking behavior depending on lean, overweight, or obesity status. Participants
(N = 37 female, average age 39.8 years) self-reported smoking was positively associated with Addictive, and Automatic subscale scores among lean participants,
with only the Addictive subscale score among those with overweight, and only the Automatic subscale score among those with obesity. Post hoc MANCOVA analysis
revealed a significant interaction effect of Group x Automatic Smoking on Pack-years (F(2, 79)=3.34, p = 0.04).

Conclusion: Findings suggest smoking motives are differentially associated with smoking behavior in adults who smoke depending on weight status. The daily
smoking rate of participants with obesity may be less related to the addictive quality of smoking, and automaticity may be less associated with smoking history in
those with overweight. Additional research on the influence of BMI on cigarette smoking is necessary to fully elucidate how obesity may impact treatment outcomes
to optimize smoking cessation treatment among those with excess body weight.

1. Introduction

Cigarette smoking and obesity are leading causes of premature
morbidity and mortality (Goodchild et al., 2018; Seidell and Halber-
stadt, 2015). Individuals with obesity who smoke incur four times the
risk of all-cause mortality than lean individuals who have never smoked
(Freedman et al., 2006). Up to 40% of people with obesity in the United
States smoke cigarettes (Hales et al., 2018), versus less than 15% of the
general population (Creamer, 2019). Adults with obesity who smoke
also smoke more heavily and for more years (Dare et al., 2015). Indi-
viduals at higher body weights comprise 70% of those seeking treat-
ment for smoking (LaRowe et al., 2009). They gain the most weight
after quitting, are the least accepting of that weight gain (Bush et al.,
2008; M. D. Levine et al., 2013), and are more likely to relapse as a
result (Audrain-McGovern and Benowitz, 2011). Despite public health
significance, little research has focused on understanding what moti-
vates smoking among individuals with excess body weight.

Self-report questionnaires measuring smoking motives, such as au-
tomaticity (e.g., habit), addictive properties of smoking (e.g., strength
of cravings), psychosocial motivations (e.g., smoking for confidence
or social acceptance), indulgence, sedative properties (e.g., removing
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stress or negative affect), or sensorimotor aspects of smoking, can of-
fer insight into why individuals continue to smoke despite known ad-
verse consequences, and subsequently, help improve treatment out-
comes among those with excess body weight. Heavier smoking (e.g.,
greater than 15 cigarettes per day (CPD)) and greater nicotine de-
pendence have been linked to all of these motivations (Berg et al.,
2011; Bommelé et al., 2014; Oksuz et al., 2007; Russell et al., 1974;
Shiffman et al., 2012). More cigarettes smoked in one’s lifetime, as
measured by pack-years, is related to smoking for addictive aspects
of smoking, automaticity (Rocha et al., 2019) and psychosocial mo-
tives (Bommelé et al., 2014; Rocha et al., 2019). Individuals who have
smoked more cigarettes over time (i.e., those with more pack-years) re-
port smoking for the sedative effects (Bommelé et al., 2014; Rocha et al.,
2019); however, lighter smoking is linked to automatic, addictive, and
sensorimotor reasons for smoking (Shiffman et al., 2012). Nondepen-
dent adults who smoke endorse smoking for relaxing or emotional ef-
fects (Carim-Todd et al., 2016) and social pressure (Berg et al., 2011;
Oksuz et al., 2007; Shiffman et al., 2012).

Smoking motivations have received little attention among individu-
als who smoke and have a body mass index (BMI) consistent with over-
weight or obesity. One study (Hovland and Ceballos, 2007) examined
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reasons for smoking among participants who were motivated to quit
smoking, comparing lean adults who smoke with those who had a BMI
above 25.0 kg/m?, including participants in both the overweight and
obese weight ranges. The authors used the Reasons for Smoking Ques-
tionnaire, an 18-item survey assessing the strength of six smoking mo-
tives: stimulation, pleasure, handling, tension reduction, craving, and
habit. Their findings suggest that lean participants endorsed handling
(sensorimotor) and tension reduction (sedative) motivations at higher
rates than those with overweight; however, these differences were no
longer significant when age was included as a covariate. Overweight in
smoking was associated with greater stimulation motives than a BMI un-
der 25 kg/m? (Hovland and Ceballos, 2007). Whether these differences
in smoking motivations translate to differences in smoking behavior is
unknown. This exploratory analysis would be the first investigation of
the relationship between BMI, smoking motivations, and smoking be-
havior (CPD, pack-years, and nicotine dependence). We aimed to ex-
plore 1) the relationship between smoking behavior and smoking mo-
tives, 2) the relationship between BMI and smoking motives, and 3) if
the relationship between smoking motives and behavior differ as a func-
tion of BMI.

2. Method
2.1. Participants

A total of 216 participants were recruited via advertisements, on-
line listservs, and word of mouth and enrolled in two brain imag-
ing/treatment studies (Franklin et al., 2009, 2011), of which 149 com-
pleted the Smoking Motives Questionnaire as a part of the eligibility
protocol, and 114 completed the physical screening during which BMI
was assessed. Of those, 82 participants completed all demographic and
self-report measures for the current analyses. Scores for variables > 3
standard deviations (SD) from the mean for each group were excluded.
Three participants met criteria for exclusion, leaving a final sample of
79 (37 female). Eligible and interested participants consented and com-
pleted medical and psychiatric evaluations. All participants were over
age 18, met criteria for DSM-IV tobacco use disorder (TUD) and smoked
at least six cigarettes/day for six months before the study started. Ex-
clusion criteria included current unmanaged psychiatric diagnosis, sub-
stance use disorder other than TUD, pregnancy, or contraindications to
magnetic resonance imaging which occurred as a part of a larger study.
Uncontrolled medical diagnoses (e.g., uncontrolled diabetes) and the
use of psychoactive medication were also exclusionary.

The two studies, investigating baclofen and varenicline as smoking
cessation aids and examining their effect on brain function, had identi-
cal criteria for participation and baseline visit procedures. The studies
were conducted concurrently. Demographics and variables of interest
did not differ between studies. Data used in the current analyses were
acquired before medication assignment. Because these data were de-
rived from smoking cessation studies, non-smoking participants were
excluded, and information regarding weight history and eating behav-
ior was not assessed. Participants were categorized into three groups for
analysis depending on their BMI: lean participants (n = 25, 13 female)
defined as those with a BMI less than 25.0 kg/m?, participants with
overweight (n = 30, 9 female) with a BMI of 25.01 — 29.99 kg/m?, and
participants with obesity (n = 24, 15 female) with BMIs of 30 kg/m?
or greater. The study was approved by the University of Pennsylvania
Institutional Review Board and adhered to the Declaration of Helsinki.

2.2. Measures
2.2.3. Demographics

Demographic characteristics were obtained using a comprehensive
background questionnaire.
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2.2.4. Mini-International Neuropsychiatric interview (MINI)

(Sheehan et al., 1998). The MINI is a structured diagnostic measure
administered to determine a diagnosis of other substance dependence
or severe psychiatric symptoms.

2.2.5. Smoking History questionnaire (SHQ)

The severity and duration of nicotine dependence were deter-
mined from a laboratory-developed questionnaire that included the
Fagerstrom Test for Cigarette Dependence (FTCD; (Fagerstrom, 2012;
Heatherton et al., 1991)). Number of cigarettes smoked per day (CPD)
and pack-years were also assessed. Pack-years, a quantification of
cigarette smoking across the number of years a person has smoked, de-
scribes the approximate number of cigarettes a person has smoked over
time, where one pack-year equals 20 manufactured cigarettes smoked
per day for one year.

2.2.6. Smoking motivations questionnaire (SMQ)

(Russell et al., 1974; Tate et al., 1994). Participants’ motives for
smoking were assessed using the SMQ, a 34-item measure divided into
subscales ranging from three to six items, measuring Automatic (e.g. “I
find myself smoking without remembering lighting up”), Sedative (e.g.
“I light up a cigarette when I feel angry about something”), Addictive
(e.g. “When I have run out of cigarettes I find it almost unbearable until I
can get them”), Stimulation (e.g. “Smoking helps to keep me going when
I'm tired”), Psychosocial (e.g. “It is easier to talk and get on with other
people when smoking”), Indulgent (e.g. “I usually only smoke when I
can really sit back and enjoy it”), and Sensorimotor (e.g. “Handling a
cigarette is part of the enjoyment of smoking it”) reasons for smoking.
A 4-point Likert scale, ranging from 0 (“not at all”) to 3 (“very much
s0”) is used with higher scores indicating greater motivation to smoke
for these reasons. Subscale scores range from 0 to 9 for Automatic and
Sedative motives, 0 to 12 for Addictive and Indulgent motives, 0 to 15
for Sensorimotor motives, and O to 18 for the Stimulation and Psychoso-
cial motives subscales.

2.3. Statistical analyses

Analyses were conducted in SPSS version 28. Analyses of variance
(ANOVAs) compared BMI groups on demographic and smoking data.
Post hoc analyses and correction for multiple comparisons were con-
ducted using Tukey’s HSD test. Partial Pearson correlations determined
relationships between variables, controlling for age and sex. Follow-
ing correlational analysis, a 3-group multivariate analyses of covariance
(MANCOVAs) compared groups on smoking characteristics (CPD; pack-
years; and nicotine dependence) as a function of SMQ subscale scores,
controlling for age and sex. Although age and sex did not differ based on
weight status, there were correlations between both and other variables
of interest (Supplemental Material).

3. Results
3.1. Demographic and descriptive data

Participants ranged in age from 19 to 59 years (M = 38.8, SD=11.8)
and had an average of 14 years of education (SD=2.27). Groups did not
differ on age, education, CPD, pack-years, or FTCD (Table 1). BMI was
significantly different across groups, as expected (p<0.001). The sample
identified as 21.1% White, 31.7% African American, 0.6% Asian, and
3.7% Multiracial. Of the full sample, 6.5% of participants identified as
of Hispanic ethnicity and 93.5% as Non-Hispanic. Weight groups did
not significantly differ in racial or ethnic background.

3.2. Relationship between smoking characteristics and smoking motives

Controlling for age and sex, cigarette dependence was not correlated
with any motives for smoking. CPD was positively associated with Auto-
matic (r=0.28, p = 0.013) and Addictive (r = 0.33, p = 0.003) subscales.
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Table 1
Descriptive characteristics.
Total Lean Overweight Obese F Sig.
N M SD M SD M SD M SD
BMI 111 27.8 5.6 22.0 2.2 27.5 1.2 34.3 4.0 187.59 <0.001
Education 97 14.0 2.3 13.7 2.0 14.0 2.3 14.3 2.6 0.53 0.59
Age 111 39.8 11.8 38.0 12.0 41.4 121 39.6 11.1 0.82 0.45
CPD 111 13.9 6.0 13.8 5.3 14.1 6.0 13.8 6.7 0.03 0.97
PackYears 97 14.8 12.0 14.0 11.0 15.7 11.6 14.3 13.6 0.21 0.81
FTCD 99 30.5 31.8 32.2 33.2 36.9 31.6 21.2 29.4 2.15 0.12
Automatic 145 2.7 2.1 2.6 2.3 2.6 2.1 2.8 2.1 0.13 0.88
Sedative 145 5.9 2.0 6.0 2.0 5.9 2.0 5.9 2.0 0.04 0.96
Addictive 145 6.8 2.5 6.7 2.3 7.0 2.6 6.6 2.6 0.30 0.75
Smoking Motives Stimulative 145 8.7 3.5 9.5 3.7 8.7 3.5 7.8 3.4 1.70 0.19
Psychosocial 145 4.2 3.4 4.6 3.5 4.4 3.6 3.4 2.8 1.14 0.32
Indulgent 145 6.6 2.5 6.6 2.9 6.8 2.3 5.9 2.5 1.64 0.20
Sensorimotor 145 5.1 3.3 5.5 3.0 5.3 3.3 4.3 3.7 1.10 0.33
N=25 N =30 N=24
All measures completed 79 (13 female) (9 female) (15 female)

Pack-years was significantly positively correlated with Automatic sub-
scale scores r = 0.24, p = 0.034, such that heavier daily smoking and
more cigarette smoking over time were associated with greater endorse-
ment of smoking for Automatic motivations, and greater daily smoking
was also linked to more Addictive motivation to smoke.

3.3. Relationship between smoking characteristics and BMI

Controlling for age and sex, there were negative relationships be-
tween BMI and Stimulation (r = —0.24, p = 0.04) and Indulgent
(r = —0.23, p = 0.048) subscales such that higher BMI was associated
with lower smoking for these reasons. Groups did not differ on smoking
motivations overall (Pillai’s Trace = 0.74, p = 0.73) or smoking charac-
teristics (Pillai’s Trace = 0.055, p = 0.57).

3.4. Relationship between smoking characteristics and smoking motives as
a function of BMI

Within-group correlations revealed differing patterns of results (Sup-
plemental Material Table 1). Among Lean participants, Automatic mo-
tives positively correlated with pack-years (r = 0.41, p = 0.05). Addic-
tive smoking positively correlated with CPD (r = 0.64, p = 0.001) in
the Lean group. Addictive smoking motives (r = 0.44, p = 0.02) were
significantly associated with CPD among overweight participants, but
no smoking motives were correlated with pack-years or dependence.
Among participants with obesity, Automatic smoking motives were sig-
nificantly correlated with pack-years (r = 0.47, p = 0.03). No other
smoking motives were associated with smoking characteristics in any
group. In other words, past heavier smoking was linked to automaticity
in lean participants and those with obesity, but not overweight. Current
heavier smoking was linked to the level of addictive motivation in lean
participants and those with overweight, but not obesity (Fig. 1).

Post hoc MANCOVAs (Supplemental Material Table 2) compared
groups on smoking characteristics as a function of smoking moti-
vations, controlling for age and sex. Obesity group interacted only
with Automatic smoking in relation to smoking characteristics (Pillai’s
trace = 0.22, p = 0.009, 4% = 0.11). An interaction effect of Group x Au-
tomatic Smoking (Fig. 2) was revealed for pack-years (F(2, 79) = 3.34,
p = 0.041, »? = 0.09). Automatic smoking motives were significantly
related to cigarette smoking exposure, and this relationship depended
on a participant’s weight status. A significant main effect of Automatic
smoking was shown for pack-years (F(1, 79)=5.5, p = 0.02, 7% = 0.07)
and CPD (F(1, 79) = 6.01, p = 0.017, 52 = 0.08), but not for dependence.
Independent of weight status, age, and sex, Automatic smoking motives
were significantly related to past and current smoking behavior. There
were no main effects of group.

There was a significant main effect of Addictive smoking on smoking
characteristics (Pillai’s trace = 0.14, p = 0.016, #? = 0.14), specifically
for CPD (F(1, 79)=10.76, p = 0.002, 7% = 0.13), suggesting Addictive
smoking motives are related to daily smoking rate regardless of weight
status or covariates. No other model demonstrated an interaction effect
between group and motivation on smoking characteristics.

4. Discussion

These preliminary findings offer the first evidence that smoking
motives may be differentially related to smoking behavior depending
on BMI The relationships between smoking motives and self-reported
smoking behavior differed by BMI group. More cigarette smoking over
time among lean participants and those with obesity was linked to
greater endorsement of automatic smoking, but not among participants
with overweight. Alternatively, the higher the daily smoking rate among
lean and overweight groups, the more they endorsed smoking for addic-
tive motivations, but this was not seen in those with obesity. In other
words, adults seeking treatment for smoking endorsed similar automatic
or addictive motivation to smoke regardless of weight status; however,
these motives were not uniformly related to self-reported smoking be-
havior.

Given that pack-years is a retrospective variable and CPD measures
current smoking, we can make some cautious inferences about direc-
tionality in hopes that future studies will explore these associations
longitudinally. Through classical conditioning, internal (e.g., craving)
and external (e.g., advertisements) cues that predict smoking or eating
acquire reward properties over time, while receipt of the reward be-
comes comparatively less evocative (Day et al., 2007; Schultz, 1998).
This phenomenon, known as incentive sensitization (Robinson and
Berridge, 2008), is hypothesized to drive craving, motivating contin-
ued drug use and/or relapse. Neuroadaptations in corticolimbic cir-
cuitry may perpetuate craving and compulsive reward-seeking behav-
ior, subsequently overriding homeostatic processes and cognitive con-
trol (Baler and Volkow, 2006; Volkow et al., 2017). A history of heavier
smoking would thus lead to more automatic smoking (e.g., smoking as
a conditioned response rather than an intentional, voluntary act), as our
results show in lean participants and those with obesity. In turn, greater
addictive smoking would be related to heavier current smoking, as our
results show in participants with overweight. It is less clear, however,
why these relationships would differ depending on overweight. There is
some evidence that reward sensitivity or salience-related brain function
may be elevated with overweight compared to lean individuals or those
with obesity (Davis et al., 2004; Doornweerd et al., 2017; Ely et al.,
2021), which might, in turn, influence the acquisition and maintenance
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Fig. 1. Within-group partial correlations demonstrating associations between Addictive Smoking Motivation subscale scores and cigarettes per day (CPD) controlling
for age and sex. Among Lean participants and those with overweight, greater endorsement of Addictive Motivation was significantly positively correlated with heavier
daily smoking. There was no correlation with CPD among participants with obesity.
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Fig. 2. MANCOVAs comparing groups on smoking characteristics as a function of reasons for smoking showed interactive relationships only with Addictive Smoking.
The interaction of BMI group and Automatic Smoking subscale scores was significantly associated with number of pack-years, with those in lean and overweight
groups reporting greater pack-years with higher automatic motivation when controlling for age and sex, while there was no such relationship shown in the group

with overweight.
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of conditioned responses to smoking cues and smoking-related behav-
iors.

Elevated motivation to smoke to relieve cravings would also be hy-
pothesized to drive heavier current smoking, as we show in lean partic-
ipants and those with overweight. Our findings show current smoking
behavior in those with obesity does not appear to be driven by addic-
tive motives as in the other groups. A prior study has shown that adults
with obesity smoke nicotine and denicotinized cigarettes at an equal
rate, suggesting current smoking in this population may be less driven
by the pharmacological reward from nicotine (Blendy et al., 2005).
This suggests that motivation not assessed by the SMQ may underlie
smoking rate or dependence in this population. Notably, the SMQ does
not assess weight management as a reason for smoking, nor weight
concerns, which research has highlighted as an important obstacle to
smoking cessation. Weight loss or avoidance of weight gain motives
have been shown to contribute to smoking uptake and resisting quitting
(Taylor et al., 2019; Watanabe et al., 2016). Individuals with overweight
or obesity who smoke describe elevated concern about weight gain fol-
lowing smoking cessation (Bush et al., 2008; M. D. Levine et al., 2013),
which is a barrier to quitting smoking (Tuovinen et al., 2018). Further-
more, overweight and obesity are associated with the most weight gain
after quitting smoking and finding the weight gain more intolerable
(Bush et al., 2008; LaRowe et al., 2009; A. Levine et al., 2007; M. D.
Levine et al., 2013). As a result, individuals who smoke are more likely
to return to smoking when they have overweight and obesity than those
who are lean (Audrain-McGovern and Benowitz, 2011; Borrelli et al.,
1999).

Evidence shows that individual differences in smoking motives may
influence treatment outcomes. For example, higher addictive motives
for smoking are associated with more difficulty weaning off of nicotine
gum and less likely to abstain at long-term follow-up. (Murray et al.,
2000). Further, individuals engaging in a nicotine replacement smok-
ing cessation trial who endorsed smoking for emotion regulation were
less likely to have successful cessation outcomes than those who did not
(Murray et al., 2000). Psychosocial motives, such as identifying as “a
smoker” due to factors such as affiliation or belongingness, are related
to less successful cessation attempts and intentions to quit (Falomir and
Invernizzi, 1999; Putte et al., 2009). Given that greater personalization
increases efficacy and acceptability (Haokip et al., 2020; Rose et al.,
2010), cessation interventions tailored to individuals’ smoking motives
may improve outcomes. For adults who smoke cigarettes with obesity,
targeting weight concerns in the context of treatment is a possible way
to personalize treatment. Cessation interventions targeting weight con-
cerns are more effective than interventions focusing solely on weight
control or smoking cessation (Perkins et al., 2001). Similarly, for those
seeking treatment to quit with high rates of addictive motivation or
automaticity, incorporating strategies to manage cravings or increase
mindfulness of smoking triggers respectively may likewise improve
effectiveness.

There are limitations to the current study that should be addressed.
This analysis was not a prospective examination, and as such, certain
variables of interest relevant to obesity, such as weight concerns or
diet history, were not collected. Future research would benefit from
examinating both the motives in the SMQ and other motives such as
weight concerns among BMI groups. Further, given this was a cross-
sectional study, we are unable to determine if smoking motivations dif-
ferentially influence smoking behavior prospectively, which would al-
low for stronger causative inferences. Nonetheless, these findings are
notable given that these studies were not expressly designed to as-
sess the influence of BMI, suggesting that this effect may be largely
generalizable to treatment-seeking adults who smoke cigarettes. Con-
versely, results may not generalize to non-treatment-seeking individ-
uals. Additional prospective research in larger samples is warranted,
particularly to investigate the impact of these variables on treatment
success.
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5. Conclusions

BMI and obesity are frequently not reported or controlled for in
smoking research; these findings demonstrate the importance of taking
weight-related variables into account when examining smoking behav-
ior or motives. Further, BMI is often not treated as a continuous vari-
able, neglecting the unique presentation of individuals in the overweight
range. Interventions addressing smoking and overweight independently
have had limited success (Foster et al., 2005; Pacek et al., 2018; Pi-
Sunyer et al., 2007). This high-risk population may require intervention
specifically targeting their motivations to continue smoking in order to
optimize the success of cessation attempts. Understanding how BMI in-
fluences smoking behavior and motivation can inform treatment to pro-
mote smoking cessation.
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