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Abstract
Background Cigarette smoking and poor weight control independently and synergistically increase risk for morbidity and
mortality. However, few studies have examined the etiological role of emotion-regulatory dysfunction in the link between
smoking and poor weight control, as well as the possible moderating role of sex.
Method Participants (n = 577; Mage = 44.42; SD = 13.80; 52.7% female) were daily smokers who completed a single survey
online through Qualtrics. Emotional vulnerability was indexed by a latent construct comprised of the subscales from the Distress
Tolerance Scale (DTS) and the Anxiety Sensitivity Index-3 (ASI-3). A regression model was constructed to examine the relation
between emotional vulnerability and poor weight control, measured via body mass index (BMI).
Results Emotional vulnerability was significantly and positively associated with BMI (b = .08, p = .020). The effect was mod-
erated by sex, such that emotional vulnerability was significantly related to BMI in female smokers (b = .15, p = .002), but not in
male smokers (b = .01, p = .806).
Conclusions Emotional vulnerability appears to be a novel female-specific psychological mechanism related to poor weight
control in smokers. Possible limitations are discussed.

Keywords Distress intolerance . Anxiety sensitivity . Smoking behaviors . Bodymass index . Sex differences

Introduction

The link between cigarette smoking and weight control is
complex. On the one hand, epidemiological data indicate that
smokers have a lower body mass index (BMI) compared to
non-smokers [1, 2] perhaps due to the metabolic suppressing
effects of nicotine [3]. On the other hand, 45% of smokers are
overweight/obese [4] and the combined effects of obesity and
smoking confer an increased risk of mortality [5]. Poor weight
control in smokers appears to be linked, at least in part, to
smoking heaviness [6–8] and the coupling of problem health

behaviors (e.g., poor diet, physical inactivity, greater alcohol
consumption), which may outweigh the metabolic suppress-
ing effects of nicotine [6].

There are also important biological sex differences that
may influence poor weight control in smokers. Data indicate
that the association between daily cigarette consumption and
central fat accumulation is stronger in females compared to
males [1, 7], suggesting a unique vulnerability in female
smokers. Moreover, compared to male smokers, female
smokers more commonly smoke for weight management rea-
sons [9] and are also less successful in quitting smoking [10,
11], especially in the context of weight concerns [12]. More
broadly, the prevalence of multimorbidity (i.e., co-occurrence
of two or more chronic conditions) is higher in females com-
pared to males [13–16], particularly the co-occurrence of
mixed physical and mental health problems [13]. Thus, there
may be unique risk and maintaining psychological factors that
contribute to poor weight control in female smokers.

Difficulties tolerating and responding adaptively to negative
distress states (i.e., emotional vulnerability) is one candidate
factor that may play an etiological role in smoking and poor
weight control in female smokers. There is a well-documented
2:1 female-to-male sex difference in the prevalence of anxiety

* Samantha G. Farris
samantha.farris@rutgers.edu

1 Rutgers, The State University of New Jersey, Piscataway, NJ 08854,
USA

2 Butler Hospital, Providence, RI, USA
3 Alpert Medical School of Brown University, Providence, RI, USA
4 City University of New York, Brooklyn College, Brooklyn, NY,

USA

International Journal of Behavioral Medicine (2019) 26:69–75
https://doi.org/10.1007/s12529-018-9755-7

http://crossmark.crossref.org/dialog/?doi=10.1007/s12529-018-9755-7&domain=pdf
http://orcid.org/0000-0003-2567-2463
mailto:samantha.farris@rutgers.edu


disorders [17, 18] and depressive disorders [19]. This may
account for why females report greater sensitivity to, and in-
tolerance of, psychological and physical distress states than
males [20–22]. Additionally, compared to males, females dem-
onstrate greater reliance on emotion-focused coping strategies
in response to negative distress states [23], including greater
reliance on cigarettes to relieve negative affect [24–26].
Indeed, emotional vulnerability is implicated in the develop-
ment and maintenance of cigarette smoking [27], particularly
in female smokers [28]. In the context of negative mood or
stress, female smokers report greater negative affect [26],
stronger cigarette craving [25, 26], and demonstrate greater
nicotine consumption [28] than male smokers.

Emotional vulnerability is also associated with poor weight
control, indicated by emotional eating behavior [29–31] and
physical inactivity [32]. Specifically, the tendency to be fear-
ful of bodily sensations (i.e., anxiety sensitivity) and a low
capacity to withstand distress (i.e., distress intolerance) is as-
sociated with emotional eating behavior, cue-induced eating,
and overeating behaviors, particularly in response to negative
emotional states [29, 30]. This association differs between sex,
such that emotional vulnerability, and stress in general, may
lead to greater calories consumed in females and fewer calo-
ries consumed in males [33, 34]. Moreover, difficulties with
emotion regulation is also associated with more sedentary
behavior in females [32, 34], which may contribute to poor
weight control.

Taken together, emotional vulnerability may inform the
linkage between smoking and poor weight control [35, 36],
and this may emerge as a female-specific risk mechanism. The
current study aimed to evaluate the association between emo-
tional vulnerability and poor weight control, indexed by BMI,
among male and female smokers. Reflecting the findings of
Bernstein and colleagues [37], emotional vulnerability was
examined via a latent construct tapping (a) sensitivity to arous-
al sensations and (b) perceived intolerance to psychological
distress states. Consistent with our sex-specific hypothesis, the
current study also evaluated the moderating role of sex in the
association between emotional vulnerability and BMI. It was
hypothesized that emotional vulnerability would be directly
associated with BMI and that this relation would be stronger
in female smokers compared to male smokers.

Method

Participants and Procedure

Participants were adult daily smokers in the USA recruited for
a larger online study on Bemotion, health, and smoking.^ The
current study reflects secondary data analysis of the parent
study (manuscript under review). Data were exclusively col-
lected through the Qualtrics participant pool based on pre-

specified criteria of being ≥ 18 years of age and a daily smoker.
Data collection was managed by Qualtrics Panels service.
Qualtrics Panels utilizes Bburst^ sampling with replacement
to disperse the survey to participants who are members of
Qualtrics Panels meeting these preliminary criteria. Interested
participants then completed a screening survey to determine
eligibility and were included if they met the following criteria:
(a) ≥ 18 years of age, (b) daily smoking for ≥ 1 year, (c)
smoking ≥ 5 cigarettes/day, and (d) cigarette use as primary
tobacco product. If participants reduced their smoking rate by
more than half in the past 6 months, they were excluded.
Participants received compensation in the form of Qualtrics
credits that could be used to purchase gift cards or other items
through the Qualtrics Panels portal. The parent study consisted
of a baseline battery of self-report measures followed by a
computerized experimental task. The study took approximate-
ly 40 min to complete. All data in the current study were
collected during the baseline assessment, prior to the experi-
mental task. The study protocol was approved by the
Institutional Review Board where the study was conducted.

A total of 3113 individuals completed the screening, and
1316 were eligible and completed the study. Cases were ex-
cluded from analysis if any of four of the embedded validity
Bcheck^ questions were answered incorrectly (n = 697). Of the
remaining 619 cases, 30 were excluded from the current sec-
ondary analyses due to invalid height/weight estimates (i.e.,
incorrectly entered data/misunderstanding of instructions; n =
30) and 12 were excluded for reporting < 70% accuracy of
height and/or weight (n = 12; see BWeight Control^ in mea-
sures below). Thus, the final sample included 577 participants.

Measures

Demographics Biological sex, age, race, marital status, and
educational attainment were self-reported.

Cigarette Dependence The Fagerström Test for Cigarette
Dependence (FTCD) [38] is a 6-item scale used to assess level
of cigarette dependence. Higher scores reflect higher depen-
dence with scores ranging from 0 to 10.

Weight Control Body mass index (BMI) was used to indicate
poor weight control, which was calculated based on self-
reported weight and height ([weight(lbs) / [height (in)]2 ×
703]. Perceived accuracy of self-reported height and weight
was rated on a 0 to 100% scale of accuracy confidence. Cases
with accuracy confidence > 70% were retained; average accu-
racy ratings were high for height (M = 98.0%, SD = 4.13%)
and weight (M = 96.6%, SD = 5.16%).

Emotional Vulnerability The Distress Tolerance Scale (DTS)
[39] is a 14-item self-report measure of one’s perceived toler-
ance for psychological distress. Items are scored from 1
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(strongly agree) to 5 (strongly disagree), with higher mean
scores reflecting higher perceived tolerance for psychological
distress. The DTS yields four subscales, including appraisal of
emotions as acceptable (e.g., BMy feelings of distress or being
upset scare me^), absorption or level of attention to emotions
(e.g., BMy feelings of distress are so intense that they
completely take over^), ability to regulate emotions (e.g.,
BI’ll do anything to stop feeling distressed or upset^), and
ability to tolerate emotions (e.g., BFeeling distressed or upset
is unbearable to me^). The DTS items and four-factor struc-
ture have been validated in cigarette smokers [40]. The
Anxiety Sensitivity Index-3 (ASI-3) [41] includes 18 items
scored from 0 (very little) to 4 (very much), with higher sum
scores reflecting greater concerns about the consequences of
anxiety and arousal sensations. The three subscales are phys-
ical concerns (e.g., BIt scares me when my heart beats
rapidly^), cognitive concerns (e.g., BWhen I cannot keep my
mind on a task, I worry that I might be going crazy^), and
social concerns (e.g., BI worry that other people will notice my
anxiety^). The ASI-3 items and three-factor structure have
been validated in cigarette smokers [42].

Results

Sample Characteristics

Participants (n = 577; Mage = 44.42; SD = 13.80; 52.7% fe-
male) identified race as White (90.1%), Black/African-
American (4.2%), Asian (2.1%), American Indian/Alaska
Native (1.6%), or other (2.1%), and 7.3% of participants iden-
tified ethnicity as Hispanic. The majority of the sample com-
pleted at least some college (71.4%). On average, participants
started to smoke at age 16.0 years (SD = 4.79), had been
smoking for 25.7 years (SD = 14.35), had smoked 17.0 ciga-
rettes per day (SD = 8.38), and had moderate levels of ciga-
rette dependence (MFTCD = 5.3, SD = 1.98). Average BMI was
in the overweight range (M = 27.9, SD = 7.31) and 29.5% had
an obese BMI (≥ 30). Initial t tests and chi-squared tests indi-
cated that male and female smokers did not significantly differ
on demographic or smoking characteristics. Male and female
smokers also did not differ on BMI, however, the presence of
obese BMI (≥ 30) was more common in female smokers
(33.6%) compared to male smokers (24.9%), χ2(1) = 5.172,
p = .023. Please see Table 1 for means, standard deviations,
and between-group comparisons.

Model Specification and Evaluation

To extend the initial exploratory factor analysis from
Bernstein and colleagues [37], a Confirmatory Factor
Analysis (CFA) was conducted to evaluate the latent construct
of emotional vulnerability as indexed by the DTS and the ASI-

3. Analyses were conducted using AMOS 22.0. Structural
equation modeling with maximum likelihood imputation and
estimation was used. Model fit was assessed using the
Comparative Fit Index (CFI), the Tucker-Lewis Index (TLI),
and the Root Mean Square Error of Approximation
(RMSEA). Values .90 or above on the CFI and .95 or above
on the TLI are considered to indicate good model fit [43, 44].
For the RMSEA, values of .00 to .05 indicate excellent fit,
values of .06 to .08 indicate reasonable fit, and values above
.10 suggest poor fit. A confidence interval (CI) is also calcu-
lated for the RMSEA to describe the accuracy of the RMSEA
estimate. Ideally, the lower limit of the 90%CI includes 0 or is
< 0.05, and the upper limit is < 0.08 [45].

Next, a regression model was constructed to test the main
effect of emotional vulnerability and sex in terms of BMI, and
the moderating role of sex in the association between emo-
tional vulnerability and BMI. Analyses were conducted using
the PROCESS macro, model 1 [46]. The regression analysis
was conducted in SAS 9.4. Prior to running the model, con-
tinuous predictor variables were mean centered to aid in inter-
pretation of results. A significant interaction term was probed
using tests of simple slopes [47, 48]. High and low values
were specified as one standard deviation above the mean
and one standard deviation below the mean, respectively.

Measurement Model

In order to test the fit of the proposed latent construct (emo-
tional vulnerability), an initial measurement model was con-
structed. For these analyses, the DTS was recoded such that
higher scores on the higher order factor emotional vulnerabil-
ity reflect greater intolerance and increased sensitivity (i.e.,
lower scores on the higher order factor reflect tolerance and
lower sensitivity). The four subscales of the DTS and the three
subscales of the ASI-3 were used as indicators of the latent
variable; indicators from the same measure were allowed to
correlate. The model indicated an acceptable fit (χ2 (6) =
8.040 p = .235; CFI = .999, TLI = .996, RMSEA = .034
[90% CI .000, .080]). Please refer to Fig. 1 for a visual repre-
sentation of the significant parameter estimates. Based on the
strong model fit, this emotional vulnerability variable,
reflecting the combination of the DTS and the ASI-3, was
used as the primary predictor in our regression model.

Regression Analysis

In the regression model, it was hypothesized that the higher
order variable Bemotional vulnerability^ would be associated
with higher BMI. The main effects of sex and cigarette depen-
dence were included as covarying factors. Results indicated
that emotional vulnerability was significantly and positively
associated with BMI (b = .08, SE = .034, t = 2.32, p = .020).
Level of cigarette dependence was not significantly related
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to BMI (b = − .01, SE = .151, t = − 0.10, p = .921), nor was sex
(b = .99, SE = .589, t = 1.68, p = .094).

To test the moderating role of sex in the association be-
tween emotional vulnerability and BMI, the interaction of
emotional vulnerability and sex was examined. Tests of the
two-way interaction revealed a significant interaction between
emotional vulnerability and sex in terms of BMI (b = .13,
SE = .067, t = 2.01, p = .044). Follow-up tests of simple slopes
revealed that there was a significant effect of emotional vul-
nerability on BMI for female smokers (b = .15, SE = .047, t =
3.07, p = .002) but not male smokers (b = .01, SE = .048,
t = .25, p = .806). See Fig. 2 for a visual representation of the
significant interaction between emotional vulnerability and
sex in terms of BMI.

Post hoc Analyses

Two post hoc regression models were constructed to test the
unique effects of DTS and ASI-3 in terms of BMI, as well as
their interactive effects with sex. In the first model, results
revealed a significant main effect of DTS in terms of BMI
(b = .79, SE = .312, t = 2.52, p = .012); however, the DTS by
sex interaction term was non-significant (b = .49, SE = .615,
t = .85, p = .393). In the second model, results revealed a sig-
nificant main effect of ASI-3 in terms of BMI (b = .04,
SE = .016, t = 2.40, p = .017); however, the ASI-3 by sex in-
teraction was non-significant (b = 1.01, SE = .609, t = 1.66,
p = .097).

Discussion

Given the complex nature between smoking and weight con-
trol, we evaluated the role of emotional vulnerability as a risk
factor for poor weight control in adult male and female
smokers. First, findings validate the emotional vulnerability
as a higher order construct, comprised of distress intolerance
and anxiety sensitivity, in this sample of cigarette smokers.
Second, emotional vulnerability appears to be associated with

elevated BMI, after adjusting for cigarette dependence. This
finding is generally consistent with previous research showing
that an increased sensitivity to negative distress states is asso-
ciated with elevated BMI in both non-smokers [29, 30] and
smokers [49]. This relationship is further supported by grow-
ing evidence linking emotional vulnerability to various health-
risk behaviors such as maladaptive eating [29–31] and phys-
ical inactivity [32], which can both contribute to obesity.
Because smokers, relative to the general population, experi-
ence higher rates of affective psychopathology and negative
affective states [50], they may be more prone to emotion-
motivated problematic health behaviors that contribute to poor
weight control. As such, difficulties regulating and responding
to distressing emotional and physical states may play an etio-
logical role in poor weight control among smokers.

Third, findings also provide novel sex-specific evidence of
the association between emotional vulnerability and poor
weight control in female smokers, relative to male smokers.
Interestingly, the unique effects of anxiety sensitivity and dis-
tress intolerance did not result in sex-specific vulnerability for
BMI, suggesting that the unique combination of the DTS and
ASI-3 into the emotional vulnerability construct that confers
distinct risk with respect to BMI in female smokers. The pat-
tern of results is consistent with the observation that females,
compared to males, are more likely to have anxiety and de-
pressive psychopathology [17, 18, 20] and are more vulnera-
ble to multimorbidity of mental and physical health conditions
[13]. Females also tend to rely on avoidance-focused coping
strategies as a Bquick fix^ for managing distress compared to
males [23], which may explain why females respond to stress
and/or negative emotions with greater nicotine consumption
[24–26] and emotional eating [29, 30]. More research is need-
ed to understand how emotionally vulnerable female smokers
make choices regarding maladaptive coping behaviors. For
example, some female smokers may rely on cigarettes as a
preferred coping behavior in response to distress (i.e., leading
to less emotional eating and potentially lower BMI), whereas
for others, emotional eating may emerge as the preferred
method over cigarette use. This is consistent with emerging

Table 1 Descriptive summary of
sample characteristics Variable Total (n = 577) Males (n = 273) Females (n = 304) t or x2

Age 44.4 (13.80) 43.8 (14.68) 44.9 (12.96) − 0.95
Race (non-White) 57 (9.9%) 31 (11.4%) 26 (8.6%) 1.27

Cigarettes/day (past week) 17.2 (8.28) 16.7 (7.86) 17.7 (8.63) − 1.47
Cigarette dependence (FTCD) 5.3 (1.98) 5.2 (1.89) 5.5 (2.06) − 1.59
Body mass index (BMI) 27.9 (7.32) 27.7 (6.60) 28.1 (7.92) − 0.65
Obese BMI (≥ 30) 170 (29.5%) 68 (24.9%) 102 (33.6%) 5.17**

Distress Tolerance Scale (DTS) 3.3 (1.01) 3.3 (0.97) 3.2 (1.05) 1.23

Anxiety Sensitivity Index-3 (ASI-3) 22.3 (18.26) 23.1 (18.68) 21.6 (17.88) 0.94

Independent t tests revealed no significant differences between male and female smokers on any of the variables
except for obese BMI (≥ 30) (**p < .05)
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literature on the shared neural mechanisms of addictive sub-
stances, including food [51].

There are a number of limitations that merit discussion.
First, these data were cross-sectional in nature thus direction-
ality of these associations is unknown, and it is unknown how
potentially changing levels of smoking and/or emotional vul-
nerability may affect BMI over time. Second, we relied exclu-
sively on self-reported assessments, including self-reported
height and weight to derived BMI. While confidence in one’s
self-reported height and weight was measured and only cases
with high perceived accuracy were retained, there may still be
possible reporting bias for BMI. Additional objective indices
of poor weight control (e.g., body adiposity index) [52] are
recommended for use in future studies. Third, this study uti-
lized on an online-based research platform for data collection,
which has both advantages and disadvantages. While online-
based studies can increase feasibility and timeliness of data
collection, the ease of accessing online studies can increase
the number of non-serious respondents [53]. In the current
study, 53% of initially eligible participants were identified as

invalid respondents due to not passing attentional control
check questions and were excluded from analyses. Such cases
can increase noise in data and decrease power if not identified
(i.e., via consistency, validity, or seriousness check procedures

Fig. 1 Measurement model. All
estimates reflect standardized
regression weights. ***p < .001

18

20

22

24

26

28

30

32

34

Low Emotional Vulnerability High Emotional Vulnerability

B
od

y 
M

as
s 

In
de

x 
(B

M
I)

Female

Male

Fig. 2 Interaction of emotional vulnerability and sex in relation to BMI

Int.J. Behav. Med. (2019) 26:69–75 73



[53]) and removed from analyses. Our data collection and
screening procedures enabled us to identify invalid respondent
cases in Breal time^ during the data collection process and we
continued enrollment until our target sample size (with valid
respondents) was obtained. Fourth, we did not examine a
number of other potential proximal risk factors that could
influence the relationship between smoking and BMI such
as physical activity, diet, and alcohol use. These risk factors
should be included and examined in future studies. Lastly, the
sample consisted of non-treatment-seeking smokers, whomay
have a lower prevalence of obesity than treatment-seeking
smokers [54]. The sample was also relatively homogeneous
in terms of race and ethnicity, and was generally well-educat-
ed. Future studies should examine these relationships in more
heterogeneous samples of smokers.

Despite these limitations, the current study provides initial
evidence for emotional vulnerability as a potential risk factor
for poor weight control in female smokers. A next step could
be the examination of mechanisms that underlie the present
findings. For example, given that acute distress is often con-
sidered a necessary context to Bactivate^ emotional vulnera-
bility [55, 56], a future laboratory-based examination of eating
behaviors in response to acute stress among male and female
smokers could help explain the role of emotional eating as
contributing to overweight/obesity in this population.
Further, because emotional vulnerability is a malleable psy-
chological factor [57], future studies may examine it as a
promising therapeutic target for smoking and weight control
interventions in female smokers [58]. Through decreased re-
liance on emotion-focused eating behaviors and increased en-
gagement in health-promoting, adaptive coping behaviors
(e.g., physical activity), emotionally vulnerable females may
experience better weight control and smoking outcomes over
time.
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