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Abstract

There is limited understanding of the relationship between emotion dysregulation and weight gain
among smokers, although available data suggest there are potential relationships that may be of
clinical importance. The present study explored a potential mechanism in the relationship between
emotion dysregulation and body mass index (BMI). Specifically, the current study examined the
indirect effects of emotional eating on the association between emotion dysregulation and BMI
among smokers. Participants included 136 (52.2% female; Mg = 42.25, SD =11.24) adults who
were treatment-seeking smokers. Primary analysis included one regression-based model, wherein
emotion dysregulation served as the predictor, emotional eating as the intermediary variable, and
BMI as the criterion variable. Covariates were age and gender. Results indicated that emotional
dysregulation was significantly associated with BMI through emotional eating (a*6= 0.02, SE=.
01, Clgs95=0.002, 0.042). The current findings provide initial empirical evidence that greater
reported levels of emotion dysregulation may be associated with greater reported levels of
emotional eating, which in turn, may be related to higher BMI.
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The impact of obesity is not equally distributed in society (Healton, Vallone, McCausland,
Xiao, & Green, 2006) with smokers as one group that may be prone to obesity-related
problems. Indeed, among smokers, obesity is highly prevalent with over 9 million adult
smokers considered obese (Healton et al., 2006). Many smokers may be at risk for weight
gain and obesity as a result of the tendency to engage in comorbid problematic health
behaviors (e.g., physical inactivity, poor diet; Chiolero, Jacot-Sadowski, Faeh, Paccaud, &
Cornuz, 2007). Notably, the combined impact of obesity and smoking is associated with a
3.5t0 5.2 fold increased risk of mortality relative to normal weight non-smokers (Freedman
et al., 2006). As such, weight loss and tobacco cessation have been a focus of public health
efforts to decrease common negative health consequences associated with these risk factors
(Centers for Disease Control and Prevention, 2016; Ma & Xiao, 2010; United States
Department of Health and Human Services (USDHHS), 2014).

To better address obesity and weight gain, there is merit in focusing on motivational models
of eating behavior (Burgess, Turan, Lokken, Morse, & Boggiano, 2014; Jackson, Lynne
Cooper, Mintz, & Albino, 2003). Such an approach recognizes that there are several distinct
motives for eating that can vary both between and within individuals (Burgess et al., 2014;
Jackson et al., 2003). Of the various motives for eating, emotional eating has emerged as one
particularly dysfunctional eating pattern (Ricca et al., 2012; van Strien, Konttinen, Homberg,
Engels, & Winkens, 2016) related to weight gain (van Strien et al., 2016). Emotional eating
is defined as eating in response to diffuse emotions or in response to clearly labeled
emotions (van Strien, Frijters, Bergers, & Defares, 1986b). Emotional eating has been
documented as a contributing factor to higher body mass index (a measure of overweight
and obesity; [BMI]; Grant & Boersma, 2005; USDHHS, 2012). Indeed, extant work has
found that higher levels of emotional eating are associated with weight gain, suggesting
emotional processes may, in part, influence eating behavior (Koenders & van Strien, 2011)
and subsequent weight gain. For instance, Sung and colleagues (2009) found that emotional
eating was an indicator of weight gain at a 4-year follow-up. Moreover, research has shown
that people who overconsume food and have higher levels of emotional eating are prone to
weight gain, whereas those who overconsume food with lower levels of emotional eating are
not prone to weight gain (van Strien, Peter Herman, & Verheijden, 2012).

Van Strien and colleagues (2012) suggested in order to implement optimal weight-related
interventions, emotional eating should be addressed. Given the experience of negative
emotions has been linked to emotional eating and subsequent overeating (Sultson, Kukk, &
Akkermann, 2017), inadequate regulation of such negative emotions (i.e., emation
dysregulation) may be one clinically important risk-factor of emotional eating. Emotion
dysregulation involves difficulties engaging a set of abilities wherein one can observe,
understand, evaluate, and differentiate one’s emotions and subsequently access strategies to
regulate emotions and control behavioral responses (Gratz & Roemer, 2004a). Facets of
emotion dysregulation (e.g. emotional non-acceptance, difficulty engaging in goal directed
behavior, limited access to emotion regulation strategies) have been linked to both smoking
(Adams, Tull, & Gratz, 2012; Rogers et al., 2018) and weight gain (Sainsbury et al., 2018).
Available research among adults who are obese, suggests that emotion dysregulation is
independently related to eating in response to aversive states even after accounting for
negative affectivity (Gianini, White, & Masheb, 2013). Moreover, extant neuroimaging work
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has found that smokers exhibit abnormal brain functions in brain regions (e.g., prefrontal
cortex; Bechara et al., 2001; Galvan, Poldrack, Baker, McGlennen, & London, 2011;
Goldstein & Volkow, 2011; Lubman, Yucel, & Pantelis, 2004; Sutherland, McHugh,
Pariyadath, & Stein, 2012) consistently associated with emotion regulation (McRae et al.,
2010; Mocaiber et al., 2011; Moratti, Saugar, & Strange, 2011; Ochsner et al., 2004). This
data highlights that smokers may have greater susceptibility to difficulties with emotion
dysregulation.

Theoretically, broadly in line with past work, smokers who have difficulties regulating
emotions may be more likely to engage in emotional eating as a coping mechanism in
response to aversive states (Gianini et al., 2013). Moreover, because of increased levels of
emotional eating, such individuals may be at a greater risk of weight gain (Koenders & van
Strien, 2011; Sung et al., 2009; van Strien et al., 2012). However, to our knowledge, no
study has examined the indirect relationship between emotion dysregulation and BMI
through emotional eating generally, or among smokers. The proposed model may shed
empirical and theoretical light on intermediary variables related to weight gain and other
comorbid health behaviors among this high-risk group of smokers with elevated anxiety
sensitivity.

Together, the present study tested the hypothesis that emotional eating would exert an
indirect effect on the relationship between emotion dysregulation and BMI (Figure 1). It was
hypothesized that higher levels of emotion dysregulation would be related to greater levels
of emotional eating, which in turn, would be related to an increase in BMI. It was further
hypothesized that the effects of emotion dysregulation on BMI indirectly through emotional
eating would be evident over and above two theoretically-relevant covariates: gender and age
(Prentice & Jebb, 2001).

Demographic Questionnaire.—A demographic questionnaire was used to measure age
and gender of the study participants.

Difficulties in Emotion Regulation Scale (DERS; Gratz & Roemer, 2004).—The
DERS is a 36-item self-report questionnaire used to assess how often respondents
experience dysregulated emotional states. Items are measured on a 5-point Likert-type scale
from 1 (a/most never)to 5 (almost always). The DERS yields a total score (Cronbach’s a =.
93 in the current sample) as well as six subscale scores: Non-Acceptance of Emotional
Responses, Difficulties Engaging in Goal-Directed Behavior, Impulse Control Difficulties,
Lack of Emotional Awareness, Access to Emotion Regulation Strategies, and Lack of
Emotional Clarity. The DERS demonstrates strong psychometric properties, including high
test-retest reliability, high internal consistency, and good construct and predictive validity
(Gratz & Roemer, 2004; Whiteside et al., 2007).

Dutch Eating Behavior Questionnaire-Emotional Eating Subscale (DEBQ; Van
Strien et al., 1986).—The DEBQ is a 33-item self-report measure used to assess 3
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subscale facets: restrained eating, emotional eating, and external eating. Items are rated on a
5-point Likert-type scale ranging from 1 (never) to 5 (very often). In the current study the
emotional eating subscale (13 items: e.g. “Do you have the desire to eat when you feel
lonely?”) was used. The DEBQ-EE has strong psychometric properties (Van Strien et al.,
1986) and internal consistency in the present study was excellent (Cronbach’s a = .96).

Body Mass Index (BMI).—Height and weight were collected from all participants and
calculated based on objective measurements taken by a trained research assistant using a
scale and stadiometer. Participants were asked to remove their shoes prior to measurement
and any heavy clothing. BMI was calculated per World Health Organization
recommendations ([weight (pounds)][height (inches)2 x 703]); (WHO), 2000).

The present sample included adults who were treatment-seeking daily smokers recruited
through community advertisements in Dallas, Texas from January 2010 to January 2014 as
part of a larger randomized control trial examining exercise as a possible mechanism to
assist in smoking cessation in adults who were sedentary with elevated anxiety sensitivity
(Smits et al., 2012). Eligibility criteria included: (1) adults who were daily smokers (at least
1 year of smoking, a minimum of 10 cigarettes per day); (2) elevated anxiety sensitivity (a
score of = 20 on the 16-item Anxiety Sensitivity Index; Reiss, Peterson, Gursky, & McNally,
1986); (3) sedentary (exercising less than twice a week for 30 minutes or less at a moderate
intensity); and (4) motivated to quit (reporting at least a 5 on a 10-point scale). Participants
deemed eligible were randomized for an in-person baseline appointment. Informed consent
was obtained from all participants. Protocol procedures were approved by the Institutional
Review Board at Southern Methodist University. A comprehensive list of exclusion criteria
and study procedures are provided in the study protocol (Smits et al., 2012). The current
study is a secondary analysis of data from all participants who completed the baseline
assessment.

Data Analytic Strategy

Sample descriptive statistics and zero-order correlations among study variables were
examined (see Table 1). Primary analysis included one regression-based model (see Table 2).
Specifically, emotion dysregulation served as the predictor with emotional eating as the
intermediary variable and BMI as the criterion variable in the model. Covariates were age
and gender.

Analyses were conducted using bootstrapping techniques through PROCESS, a conditional
modeling program that utilizes an ordinary least squares-based path analytical framework to
test for both direct and indirect effects (Hayes, 2013). An indirect effect is the product of
path a (the association between the predictor [x] and the proposed explanatory intermediary
variable [m]) and path & (the association between the proposed intermediary variable [m]
and the dependent variable [y], controlling for x). As recommended, the confidence intervals
around the point-estimate were constructed using 10,000 bootstrap re-samplings, and 95-
percent confidence intervals (Cls) were estimated (Hayes, 2009; Preacher & Hayes, 2004,
2008). The indirect pathway is considered statistically significant if the 95% Cls around a*b
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does not include zero (Preacher & Hayes, 2008; Zhao, Lynch, & Chen, 2010). To further
strengthen the interpretation of results, alternative models were tested by reversing the
proposed intermediary variable with the predictor variable (Preacher & Hayes, 2004).

Of the 136 participants, we were missing emotion dysregulation data (n = 8), emotional
eating data (n = 11), and BMI data (n = 8). Little’s MCAR test was conducted and was non-
significant, indicating that there is no evidence that the data are systematically biased.
Hence, missing data was imputed using the expectation-maximization algorithm in SPSS
21.0. In cases in which the N is small and the proportion of missing cases is large, it is
recommended that analyses be repeated both with and without the missing data imputed in
order to increase confidence in the results (Tabachnick & Fidell, 2013). Thus, analyses were
conducted with the imputed dataset and the non-imputed raw dataset. Results from the
dataset with imputed missing data, were identical in terms of significant and non-significant
findings to results from the raw, non-imputed, dataset; thus, below we report the results from
the expectation-maximization data set.

Data was collected as part of a larger randomized controlled trial examining the efficacy of
two smoking cessation interventions (Smits et al., 2016). Specifically, the larger study
examined a standard treatment for smoking cessation + exercise as a potentially useful
mechanism for smoking cessation compared to standard treatment for smoking cessation +
health control. Participants for the larger trial included sedentary, males and females with
elevated anxiety sensitivity, ages 18 to 65, who have been daily smokers for at least one year
and are currently smoking an average of at least 10 cigarettes per day (see Smits et al.,
2016). Given the current study is a secondary analysis from the larger trial, eligibility criteria
were maintained from the larger trial. Participants included 136 adults who were treatment-
seeking (52.2% female, Myge = 42.3 years, SD = 11.24). Participants were primarily White
(74.1%), fewer were Black/African American (20.7%), Asian (2.2%), or other (3%). In the
current sample, the average BMI was 26.8. Twenty-three percent fell within the obese range
defined as a BMI of 30 or greater, 39.1% were within the overweight range as defined as a
BMI between 25-29.9, 34.4% fell within the healthy weight range as defined as a BMI
between 18.5-24.9, and 2.3% fell within the underweight range defined as a BMI below
18.5 (Centers for Disease Control and Prevention, 2016).

Bivariate Relations

Correlations for all study variables are presented in Table 1. Emotion dysregulation was not
significantly correlated with BMI. Emotional eating was positively correlated with emotion
dysregulation (r= .27, p<.01) and BMI (r= .19, p<.05).

Primary Analyses

Results of the indirect analysis are presented in Table 2. Higher reported levels of emotional
dysregulation were positively associated with greater reported levels of emotional eating (a
path: 6=0.01, SE=0.00, p<.001). The total effects model with emotion dysregulation
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predicting BMI, was not significant. The full model with emotional eating was significant
(RZ=0.10, R4, 113) = 3.74, p=.007). Specifically, higher reported levels of emotional
eating were positively associated with higher BMI (b path: 6= 1.24, SE=0.52, p=.019). A
test for the indirect effects indicated that higher reported levels of emotion dysregulation was
associated with higher levels of BMI, indirectly through the greater reported levels of
emotional eating (a*0 = 0.02, SE=.01, Clg59;=0.002, 0.042).

Temporal Ordering

To further strengthen our interpretation of results and aid in specificity, a reverse model was
run for emotion dysregulation. Specifically, BMI remained the criterion variable, emotional
eating was the predictor and emotion dysregulation served as the intermediary variable. The
indirect effect of emotional eating on BMI through emotion dysregulation was non-
significant (a*b =-0.05, SE = 0.18, Clg59; = —0.445, 0.310).

Discussion

As hypothesized, results indicated that emotion dysregulation had an indirect effect on BMI
through emotional eating. Higher reported levels of emotion dysregulation were linked to
higher reported levels of emotional eating, which in turn, were related to higher BMI levels.
The observed effects were evident after adjusting for gender and age. Further, the temporal
ordering test supported this model. These findings are consistent with previous studies
suggesting emotional eating is associated with emotion dysregulation (Gianini et al., 2013)
and increased weight gain (Grant & Boersma, 2005;Koenders & van Strien, 2011; Sung et
al., 2009; van Strien et al., 2016; van Strien et al., 2012) and extends this work among a
sample of sedentary smokers with high anxiety sensitivity.

The present study offers a better understanding of one potential intermediary variable
concerning how emotion dysregulation may affect BMI. Results suggest that emotion
dysregulation may not in it of itself be related to higher BMI levels, but instead, among
smokers, emotion dysregulation may contribute to alternative maladaptive coping methods
such as emotional eating to neutralize aversive emotional states. These data are consistent
with affect-oriented models which suggest that maladaptive eating behaviors (e.g., binge
episodes) are often triggered in response to aversive emotional states and utilized as a form
of affect regulation (Pearson, Wonderlich, & Smith, 2015). Interestingly, further support for
this perspective comes from the bivariate relation between emotion dysregulation and
emotional eating that shared only 7% of variance. These data indicate emotion dysregulation
is not isomorphic with emotional eating. Overall, from an integrative theoretical perspective,
repeated use of eating for emotional reasons may influence BMI. Finally, given emotion
dysregulation exerted an indirect effect on BMI through emotional eating in the absence of
an association between emotion dysregulation and BMI, it is important to note that other
paths not part of this formal model may be important to consider (Hayes, 2009). For
example, it could be that more than one indirect path may carry the relationship between
emotion dysregulation and BMI, and those paths may operate in opposite directions. For
example, emotion dysregulation may be related to both emotional eating (Gianini et al.,
2013) and restrictive eating (e.g., restriction of energy intake; American Psychiatric
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Association, 2013; Lavender et al., 2015). Specifically, emotional eating has been found to
be associated with higher BMI (Koenders & van Strien, 2011; Sung et al., 2009) whereas
restrictive eating has been found to be associated with lower BMI (American Psychiatric
Association, 2013).

Clinically, results from the present study may facilitate future development of targeted
weight management programs for smokers with reported difficulties regulating their
emotions. Although efficacious weight management programs exist for smokers and non-
smokers, more generally (Murphy, Rohsenow, Johnson, & Wing, 2018), no tailored weight-
loss interventions exist for current smokers. Thus, it may be beneficial to understand and
clinically address emotion dysregulation to enhance psychological flexibility to facilitate
change in eating behavior as a weight loss intervention for smokers. Cognitive-behavioral
therapy may be one promising approach to target emotion dysregulation. For example,
Fairburn and colleagues (2003) have proposed a transdiagnostic cognitive-behavioral
therapy (CBT) to target dysfunctional mood modulatory behavior to improve eating
behavior and disorders. Dialectical behavior therapy (DBT) may also be beneficial in
targeting emotional eating to facilitate weight loss, with one study finding that individuals
enrolled in DBT reported between 7.6% and 10.1% loss in body weight as well reduction in
emotional distress and frequency of emotional eating (Glisenti & Strodl, 2012). Future work
may benefit from exploring the impact of CBT or DBT tactics in improving weight loss
among smokers through reductions in emotional eating facilitated by improvement in
adaptive emotion regulation tactics.

There are several limitations to consider in the present study. First, the data were cross-
sectional in nature. Thus, the findings do not permit testing of temporal sequencing. Future
work is needed to determine the directional effects of these associations using prospective
designs. Second, as the variables were assessed via self-report, there is the possibility that
the observed relations were in part a function of shared method variance. Future research
would benefit by employing a multi-method assessment approach to cross-index the nature
of the relations observed in the present study. Third, the current study examined one
potential intermediary variable (i.e., emotional eating) in the absence of an association
between emotion dysregulation and BMI. Future work should examine other potential
intermediary variables that may operate in the opposite direction of emotional eating (e.qg.,
restrictive eating) to better understand the total effect of emotion dysregulation and BMI.
Finally, our sample consisted of community-recruited, sedentary, daily cigarette smokers
with elevated anxiety sensitivity. Future studies may benefit by sampling from other
populations to ensure the generalizability of the results to nonsmokers and mixed smoker
status samples.

Overall, the current study serves as an initial exploration into the association between
emotion dysregulation, emotional eating, and BMI. There was empirical evidence of indirect
associations of emotion dysregulation on BMI via emotional eating. Accordingly, if
replicated and extended using alternative research designs, weight loss interventions for
smokers may benefit from consideration of emotion regulation therapeutic tactics aimed to
reduce emotional eating.
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Highlights

Extant work identified emotional eating and emotion dysregulation as related
to BMI

Results found emotion dysregulation is associated with BMI through
emotional eating

Clinically, results may inform future weight loss program development for
smokers
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(DEBQ-EE)
M] \
2
)
Emotion
Dysregulation Body Mass Index
(DERS) p—— ¢/’ path — (BMI)
[X] [Y]

Figure 1.
Conceptual model

Note. a path = Effect of X on M; b path = Effect of M on Y, controlling for X; ¢ path = Total
effect of X onY; ¢’ path= Direct effect of X on Y controlling for M. A single path was
conducted (X) on the outcome (). Covariates included age and gender.
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Table 1.

Descriptive Statistics and Bivariate Correlations between Study Variables (N = 136)

Variable Mean/n 1 2 3 P -
(SD/%)
1. Gender? 136 (52.2%) _
2. Age? 42.25(11.24) -.105 _
Aok _
3. DERS.Total? 7143(1943) 078 o4
*ok x _

4.DEBQEE®  2000086) 264 070 568

5.8M17 2686(4.93) -088 0™ -037  qg1* -
Note.
*ok

p<.01,
*

p <05.
aCovariate;
bPredictor;

C, . .
Intermediary Variable;

dCriterion; Gender: % listed as females (Coded: 0 = male and 1 = female); DERS-Total = Difficulties with Emotion Regulation Scale — Total Score
(Gratz & Roemer, 2004b); DEBQ-EE = Dutch Eating Behavior Questionnaire — Emotional Eating Subscale (van Strien, Frijters, Bergers, &
Defares, 1986a); BMI = Body Mass Index; 1 = Gender; 2 = Age; 3 = DERS-Total; 4 = DEBQ-EE; 5 = BMI.
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Indirect Effect of Emotion Dysregulation on BMI via Emotional Eating.

Table 2.

X Path R2 b SE t p Ci(ly cClu
1 DERS-Total > DEBQ-EE (a) 161 0.013 0.004 3585 <.001 0.059 0.020
DEBQ-EE — BMI (b) 103 1241 0521 2.384 .019 0.211 2.271
DERS-Total — BMI (¢?) -0.007 0.023 -0.301 .764 -0.052 0.039
DERS-Total — BMI (¢) .064 0.009 0.022 0.421 .675 -0.035 0.054
DERS-Total — DEBQ-EE — BMI (a*) 0.016  0.010 0.002 0.042

Page 14

Note. N for analyses is 136 cases. The standard error and 95% CI for the indirect effects (a*5) are obtained through bootstrapping with 10,000 re-
samples. a path = Effect of X on M; b paths = Effect of M on Yi; ¢’ paths= Direct effect of X on Yi controlling for M; c paths = Total effect of X on

Yi. DERS-Total =Difficulties with Emotion Regulation Scale — Total Score (Gratz & Roemer, 2004b); DEBQ-EE = Dutch Eating Behavior

Questionnaire — Emotional Eating Subscale (van Strien et al., 1986a); BMI = Body Mass Index.
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