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Abstract

Despite the advances in understanding the relationship between smoking and depressive symptomatology,
scarce research has investigated cognitive variables underlying in such relation. The main aim of this study
is to examine the mediating effect of two rumination subtypes (brooding and reflection) in the link between
depressive symptoms and both cigarette dependence level and tobacco craving in treatment-seeking
smokers. Participants were 275 adult daily smokers seeking treatment to quit smoking (61.5% females;
Mage = 45.3 years; SD = 10.9). Multiple mediation analysis was conducted to explore the mediating effects
of rumination (brooding and reflection) in the relation between depressive symptoms, cigarette dependence
level, and craving. Results showed a significant indirect effect of depressive symptoms through the joint of
both rumination subtypes on cigarette dependence (3 = 0.089; 95% BootCI [0.006, 0.168]), and craving (
= 0.123; 95% BootCl [0.048, 0.205]). The specific analysis of each mediator showed that only brooding
subtype had a significant effect on the relation between depressive symptoms and tobacco craving (f =
0.101; 95% BootClI [0.023, 0.186]). Findings of the present study provide further evidence for the role of
rumination in smoking-related variables and for the potential value of introducing rumination-focused
interventions into smoking-cessation interventions.
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1. Introduction

The relationship between smoking and depression has been widely demonstrated both cross-
sectionally (Lineberry, Allen, Nash, & Galardy, 2009; Weinberger et al., 2016) and longitudinally
(Bakhshaie, Zvolensky, & Goodwin, 2015; Tjora et al., 2014). Several authors have informed that a high
percentage of smokers suffer from depressive symptoms compared with individuals who have never
smoked and those who had quit smoking (Flensborg-Madsen et al., 2011; Hitsman et al., 2013). It is also
known that smokers with depressive symptoms report higher rates of cigarette dependence, higher tobacco
cravings, and greater difficulty to quit smoking (Cooper, Borland, Yong, & Fotuhi, 2016; Covey, Glassman,
& Stetner, 1990; Weinberger, Pilver, Desai, Mazure, & McKee, 2013).

Cigarette dependence is a complex phenomenon that involves nicotine-pharmacological effects,
the habit itself and smoking-related conditioning, as well as associated psychosocial functions (Fagerstrom,
2012). In the case of smokers with depressive symptoms, smoking behavior is strengthened due to the
expectation that tobacco alleviates depressive distress. Therefore, smokers with depressive
symptomatology have less probability of achieving abstinence and maintaining it at short (Hitsman et al.,
2013) and long term (Brodbeck, Bachmann, Brown, & Znoj, 2014).

Another relevant feature of tobacco addiction is craving (Sayette, 2016; Skinner & Aubin, 2010).
This construct has been defined as the subjective experience of desire, urge, or intense need to use a
substance or engage in a behavior, which is usually described as an overwhelming feeling of loss of control
over behavior (Ferguson & Shiffman, 2013). Research has shown that this experience is related to smoking
persistence and relapse (Wray, Gass, & Tiffany, 2013) and that it can be elicited in non-deprived smokers
(Hogarth, Dickinson, & Duka, 2010) and even in quitters who have maintained abstinence over a period of
six to twelve months (Ussher, Beard, Abikoye, Hajek, & West, 2013). Research conducted with smokers
experiencing depressive symptoms has found that they tend to report higher intensity of tobacco craving
compared to smokers without such symptomatology (Pomerleau et al., 2005; Weinberger, George, &
McKee, 2011).

Recent smoking-related studies have identified some changes in smokers seeking smoking-
cessation treatment (Becofia, Lopez-Duran, Ferndndez del Rio, & Martinez, 2014; Leyro et al., 2016).
Specifically, research has shown that cigarette consumption (i.e., number of cigarettes smoked per day) has
decreased, but cigarette dependence (i.e., assessed with the Fagerstrom Test for Nicotine Dependence)
remains unchanged. Moreover, a relevant finding of these studies is that the presence of depressive
symptoms has increased in smokers seeking smoking-cessation treatment. Consequently, examining in
greater depth the relationship between depressive symptoms and specific smoking-related variables could

provide new insights at the theoretical level and also at a practical level to refine the treatments.

A promising perspective to advance in the analysis of the relationship between depressive symptoms
and smoking could be to consider the different response styles that individuals use to cope with unpleasant
feelings. A coping strategy characteristically related to depressive symptoms, which is also relevant in

substance use, is rumination (du Pont, Rhee, Corley, Hewitt, & Friedman, 2018; Nolen-Hoeksema &



Watkins, 2011). Rumination consists of a passive repetitive response to a depressive or dysphoric state
related to past failures or errors (Nolen-Hoeksema, 2008). Although rumination is generally used as an
emotional regulation strategy by which individuals try to achieve more insight on depressed mood, it has
the opposite effect because the vicious circle of negative thoughts worsen the distress, lengthening the
depressive episode and reducing the effectiveness of the solution of the problems (Brinker & Dozois, 2009;
Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008). Rumination causes this effect because individuals focus
their attention on their depressed emotional state instead of diverting attention to external stimuli distracting
from their psychological distress (Just & Alloy, 1997; Nolen-Hoeksema, 1991). The identification of two
subtypes of rumination —brooding and reflection— was an important step in the understanding of this
construct (Treynor, Gonzalez, & Nolen-Hoeksema, 2003). According to these authors, brooding alludes to
the passive and cyclical focus on negative emotions, whereas reflection refers to emotionally neutral
pondering. While the association between the brooding component of rumination and depressive symptoms
has been widely documented, both in clinical (Merino, Senra, & Ferreiro, 2016) and nonclinical samples
(Olson & Kwon, 2008; Senra, Merino, & Ferreiro, 2018), the role of the reflection component remains
uncertain (Burwell & Shirk, 2007; Harris, Pepper, & Maack, 2008).

Previous research illustrates the relationship between rumination and health risk behaviors. For
instance, rumination has been shown to have a significant effect on increasing craving in alcohol-dependent
drinkers (Caselli et al., 2013), and has also been found to be a significant predictor of substance use
problems in adolescence (Willem, Bijttebier, Claes, & Raes, 2011). In fact, a recent meta-analysis has
concluded that cognitive perseveration, characteristic of rumination, is associated with different health risk
behaviors, such as smoking (Clancy, Prestwich, Caperon, & O’Connor, 2016). The studies mentioned
above highlight that the excessive and continuous self-focus that ruminative thoughts arouse amplifies the
state of dysphoria, which promotes the use of substances in order to cope and/or escape from this emotional
distress (Ingram, 1990). In this vein, Richmond and colleagues (Richmond, Spring, Sommerfeld, &
McChargue, 2001) found that rumination is more strongly correlated with depressive symptoms among
smokers than among non-smokers. Another cross-sectional study suggested that higher level rumination
was associated with greater number of lifetime failed quit smoking attempts (Dvorak, Simons, & Wray,
2011).

Overall, previous publications have supported the relationship between depressive symptoms and
smoking and between rumination and health risk behaviors; however, the relationship between these
variables has been largely unexplored. Particularly, it is unknown the role of rumination on how depressive
symptoms affect the level of dependence and craving in smokers seeking smoking-cessation treatment. In
order to overcome this gap, the aim of this study was to examine the potential mediating effect of rumination
(brooding and reflection) in the link between depressive symptoms and: (1) cigarette dependence level and,
and (2) craving. In accordance with these objectives and with the results reported in the literature, we
hypothesize that rumination will significantly mediate the relationship between depressive symptoms and

tobacco dependence level, and craving in particular, the subtype brooding of rumination.



2. Method
2.1. Participants

The sample consisted of 275 smokers seeking smoking-cessation treatment at XXX. The inclusion
criteria were: (1) aged 18 or over; (2) providing written informed consent; (3) wishing to participate in the
study; and (4) smoking at least 8 cigarettes per day. Of the total sample, 62.7% were female, and the average
age was 45.3 years (SD = 10.9, range = 19 — 73). Regarding marital status, 50.9% of the participants were
married, 29.8% were single, 14.2% were separated or divorced, and 4% were widowed. In terms of
educational level, 21.5% had a primary level of education (less than High School), 38.2% had a secondary
level of education (High School or General Education Diploma), and 40.4% had a high level of education
(College or Technical School). The sample was entirely composed of Caucasian individuals. Regarding
smoking-related variables, participants smoked a daily average of 19.1 cigarettes (SD = 7.3) and had
smoked for almost 26 years (M = 26.4, SD = 11.4).

2.2. Measures

Beck Depression Inventory Il (BDI-II; (Beck, Steer, & Brown, 1996)). It is a 21-item self-report
scale measuring current depressive symptomatology over the last two weeks. The total score ranges from
0 to 63, with higher scores indicating higher depressive symptoms. We used the Spanish version (Sanz,
Perdigén, & Vazquez, 2003), which has appropriate psychometric characteristics. In this sample

Cronbach’s alpha was 0.90.

Ruminative Response Scale (RRS; (Nolen-Hoeksema, 1991)). It consists on a 22-item self-report
for assessing ruminative coping responses. Treynor et al. (2003) found that 12 items from the RRS
overlapped with depressive symptoms, so the resulting 10-item version was used. The instrument has two
factors: Brooding (5 items) and Reflection (5 items). The Spanish version of the RRS, which has adequate
psychometric properties (Hervas Torres, 2008), was used. In this sample Cronbach’s alpha scores for

Brooding and Reflection were 0.79 and 0.77, respectively.

Fagerstrém Test of Cigarette Dependence (FTCD; Heatherton et al. 1991). This scale is made up
of six items for the assessment of cigarette dependence, yielding a total score between 0-10. This instrument
has shown strong relations with other smoking-related variables (Heatherton et al., 1991), and it is the most
widely used instrument for rating cigarette dependence. The Spanish version (Becofia & Vazquez, 1998),
which has been shown to have adequate psychometric quality was used. Cronbach's alpha in this sample
was 0.61.

Minnesota Nicotine Withdrawal Scale (MNWS; Hughes and Hatsukami 1986). It consists of eight
items measuring tobacco withdrawal symptoms (item value ranging from 0 to 4), including craving to
smoke. For the purpose of this study, we only used the Item 8, which refers specifically to tobacco craving.
We used the Spanish translation of the scale used in this study (Pifieiro, Lopez-Duran, Martinez, Brandon,
& Becofia, 2014). In this sample the Cronbach's alpha was 0.84 for the total scale, and 0.81 when removing

the mood-related item.



2.3. Procedure

Participants were recruited from the community to participate in a randomized controlled trial
(RCT) between January 2016 and April 2017 (clinicaltrials.gov#XXX). Following a preliminary telephone
contact, if interested, participants attended a first eligibility and baseline assessment session. All
participants provided written informed consent prior to study initiation, and the study was approved by the
Bioethics Committee of the University of XXX. The current study is based on secondary analysis of
baseline data of the previously mentioned RCT (XXX).

2.4. Analytic strategy

Descriptive statistics and Pearson correlations were conducted. Multiple mediation analyses were
performed with the PROCESS macro for SPSS (Hayes & Little, 2018). Two multiple mediation models
were tested in which depressive symptoms were the independent variable, the subtypes of rumination
(brooding and reflection) were potential mediators, and cigarette dependence level and craving,
respectively, were the dependent variables. All study variables were introduced in the model as continuous
based on scores obtained in the questionnaires above described. Gender and age were controlled in these
analyses. Bias-corrected bootstrapping (with 20,000 resamples) was used to generate confidence intervals
for the hypotheses tested because it is the preferred method for assessing indirect effects both in simple
(MacKinnon, Fairchild, & Fritz, 2007) and multiple mediator models (Preacher & Hayes, 2008). In
addition, pairwise contrasts of all the specific indirect effects involved in each model were also calculated.

Results are presented as standardized coefficients for direct and indirect effects (Preacher & Kelley, 2011).

Finally, reverse models were conducted for each outcome variable, in which the proposed mediator
and predictor variables were reversed. This methodological approach has been recommended when using
cross-sectional data in order to evaluate the specificity of the hypothesized models (Preacher & Hayes,
2008).

3. Results
3.1. Preliminary Analyses

Descriptive statistics and Pearson correlations of the study variables are presented in Table 1.
Depressive symptoms were significantly correlated with the proposed mediating variables (brooding and
reflection) and with the two outcome variables (cigarette dependence and craving). According to Steiger’s

z-tests, depressive symptoms were similarly related to craving and to FTCD (z = 0.364, p = .715).
3.2. Multiple Mediation Analyses

Regarding the analyses for cigarette dependence (FTCD scores), both the total effect model (R? =
.073; F(3, 271) = 7.170, p < .001) and the full model (R? = .096; F(5, 269) = 5.761, p < .001) were
statistically significant. In particular, the analysis showed that the direct effect of depressive symptoms on

cigarette dependence was significant (B = 0.251; 95% BootCl [0.032, 0.086]) as the bias-corrected 95%



confidence interval for the total indirect effect did not contain zero (Table 2). The total indirect effect of
depressive symptoms through the two proposed mediators was also significant (B = 0.089; 95% BootClI
[0.006, 0.168]). When examining the specific indirect effect of each mediator (Figure 1), the pairwise
contrasts showed that the specific indirect effects of brooding and reflection were not significantly different
from each other ( = 0.037; 95% BootCl [-0.090, 0.155]).

Results of the analyses concerning craving showed that the total effect (R? = .241; F(3, 271) =
5.609, p <.001) and full models (R? = .310; F(5, 269) = 5.720, p < .001) were significant. The total indirect
effect of the two proposed mediators was also significant (B = 0.123; 95% BootClI [0.048, 0.205]). When
analyzing the specific indirect effect of each rumination subtype, only brooding (p = 0.101; SE = 0.041,
95% BootCl [0.023, 0.186]) was significant (Table 2 and Figure 2).

3.3. Reverse Models

A series of reverse models were conducted examining whether depression symptomatology could
mediate in the relation between rumination subtypes and the proposed smoking-related variables (cigarette
dependence and craving). The two models including reflection as the predictor showed a nonsignificant
indirect effect via depressive symptoms on cigarette dependence (B = -0.006, 95% BootCI [-0.033, 0.019];
and on carving (p = -0.003, 95% BootCI [-0.021, 0.10]. When examining models including brooding as the
predictor, results showed a nonsignificant indirect effect through depression on the relation with craving,
but a significant indirect effect on cigarette dependence (B = 0.096, 95% BootCl [0.010, 0.194].

4, Discussion

This study was designed to investigate the potential mediating role of rumination (brooding and
reflection) in the relationship between depressive symptoms and cigarette dependence level and craving in

a community sample of adults seeking smoking-cessation treatment.

In a preliminary step, we found that depressive symptoms were significantly and positively
correlated to cigarette dependence level and tobacco craving. Our findings are in agreement with studies
indicating that smokers with higher depressive symptoms also report higher craving and higher rates of
cigarette dependence (Cooper, Borland, McKee, Yong, & Dugué, 2016; Weinberger et al., 2013; Ziedonis
etal., 2008). This could be due to the fact that smokers with greater depressive symptomatology experience
a negative internal state that they may try to avoid or escape through smoking, which could strengthen the
rewarding value of smoking (Clancy et al., 2016; Mathew, Hogarth, Leventhal, Cook, & Hitsman, 2017).

Regarding the first aim of the study, we found that the joint effect of the two subtypes of rumination
significantly mediated the relationship between depressive symptoms and cigarette dependence level.
However, neither of them separately reached statistical significance. This result suggests that,
independently of the adaptive quality of the rumination subtype, it is the perseverative cognitive process
that captures the smoker in cigarette dependence. Therefore, our first hypothesis is only partially confirmed,

although this finding is in consonance with previous research examining the relation between rumination



and substance use severity and dependence (Adrian, McCarty, King, McCauley, & Stoep, 2014;
Memedovic et al., 2019).

In relation to the second aim, the results of the mediation analyses showed that the total indirect
effect of both subtypes of rumination explained a significant proportion of the association between
depressive symptoms and tobacco craving. The examination of the particular contribution of each mediator
revealed that only the brooding subtype was a significant mediating pathway. This finding is in line with
metacognition models such as that proposed by Spada, Caselli, and Wells (2013), who suggest that
addictive behaviors could be considered as coping strategies to control unwanted thinking and negative
emotional states. Previous studies, in consonance with this model, have shown that rumination is related to
an intensification of cravings and negative affect, which boost negative beliefs about the need to control
thoughts enhancing the likelihood of substance use (Bravo et al., 2018; Caselli et al., 2013; Hamonniere &
Varescon, 2018).

Our findings, in line with other studies (Richmond et al., 2001), support the argument that some
smokers respond to their depressive discomfort with a ruminative coping strategy in an attempt to gain
control over adverse events or internal states. However, the ruminative process does not relieve emotional
distress but rather amplifies and maintains it. Therefore, it is plausible to assume that some smokers will
try to escape from this aversive state by smoking, due to the damping effect of cigarettes on distress, which

contributes to increased tobacco dependence and craving.

Additionally, our results also showed that brooding was the rumination subtype most strongly
related to tobacco dependence and craving. This is congruent with the consideration of the brooding subtype
as a maladaptive coping strategy characterized by the negative nature of thought-related self-evaluation,
self-criticism, and self-judgment (Watkins, 2008). Moreover, the results of the reverse models suggested
that, at least with regard to cigarette dependence level, the relation between the brooding rumination subtype
and depressive symptoms may be reciprocal. This is in line with recent research showing that rumination,
as an unifactorial construct, and depressive symptoms have a bidirectional relationship, constituting a

potential risk factor and a consequence of each other (Whisman, du Pont, & Butterworth, 2020).

Overall, our results suggest that smokers who respond to their depressive discomfort with
ruminative coping, with the intention of relieving their distress (Nolen-Hoeksema & Watkins, 2011),
experience a higher level of cigarette dependence and craving. Therefore, in terms of clinical implications,
this study suggests that rumination may act as a cognitive pathway through which depressive symptoms
lead to a great intensity of cigarette dependence and tobacco craving. These relationships could impact on
smoking cessation outcomes, as cigarette dependence and craving are considered barriers to achieve
abstinence (Breslau & Johnson, 2000; Mathew et al., 2017; Sayette, 2016). In fact, craving and negative-
related mood relief through smoking reinforces continued smoking, increasing the likelihood of not
achieving smoking abstinence or increasing the risk of relapse (Frandsen, Thorpe, Shiffman, & Ferguson,
2017), a process which could be impacted by the presence of rumination, although this possibility is

speculative and cannot be verified. Cognitive treatment approaches that have been shown to be effective in



correcting and modifying this spiral of repetitive negative thoughts (Querstret & Cropley, 2013) seem
particularly promising to be included as part of smoking cessation interventions. Specifically, smoking-
cessation treatments could consider the negative self-referential state of the ruminative thoughts of smokers
with depressive symptomatology. Thus, given that rumination is defined by high levels of abstraction, could
be beneficial to stimulate particular emotional memories that foster adequate emotional processing
(Watkins, 2008), and to train smokers in focusing their attention to the present and to specific rather than
abstract issues (Segal, Williams, & Teasdale, 2013).

Several limitations of the study should be noted. First, the cross-sectional design of the study does
not allow any inference about the direction of the effects. Nevertheless, we attempted to improve confidence
in the proposed models by evaluating alternative ones, in which we reversed the predictor and mediator
variables. Second, only self-report measures were used, and although these instruments may be appropriate
for reflecting participants’ direct perceptions, they can introduce some biases in the results. Related to this,
craving assessment consisted of a single item, and although research has stated that this type of assessment
is reliable and clinically useful (Tiffany & Wray, 2012), future studies should confirm the pattern of results
found using multi-item and multidimensional measurements of tobacco craving. Third, the sample used in
this study was comprised of non-clinically depressed smokers, and therefore, the magnitude of the effect
of rumination on the relation between depression and tobacco dependence and craving may be minimized.
Examination of the role of rumination in clinically depressed smokers is necessary to elucidate the
robustness of the results found. Lastly, the use of a sample of smokers seeking treatment to quit smoking
prevents generalization of the results to smokers from the general population. It would be of interest to test
whether the mediating effect of rumination also occurs in a sample of smokers who are not seeking

smoking-cessation treatment.

In conclusion, rumination could be a relevant variable to partially explain the relation between
depressive symptoms and cigarette dependence level as well as craving in a sample of treatment-seeking
smokers with a broad range of depressive symptoms. These findings provide further evidence for the role
of rumination, and concretely brooding subtype, in smoking-related variables and for the potential value of

introducing rumination-focused interventions into smoking cessation interventions.
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Table 1
Descriptive statistics and bivariate correlations
Mean (SD) 1 2 3 4 5
1. BDI-II 10.46 (9.14) -
2. Brooding 4.59 (3.26) 55" -
3. Reflection 4.10 (3.24) 317 60 -
4. FTCD 4.78 (2.16) 247 23" 7T -
5. Craving? 2.97 (0.99) 217" 29" 22" 30™ -
IMNWS item 8

Note. BDI-II: Beck Depression Inventory-1l; FTCD: Fagerstrom Test of Cigarette
Dependence; MNWS: Minnesota Nicotine Withdrawal Scale
“p<.05; “p<.01; "p <.001.
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Table 2
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Results of multiple mediation analysis of the relation between depressive symptoms and
cigarette dependence and withdrawal symptoms (n = 275)

B SE p LLCI ULCI
Outcome: FTND Direct
BDI-II 162 .016 .021 .005 071
Brooding 116 .051 .170 -.033 .186
Reflection .086 .048 .239 -.038 153
Sex -127 265 .034 -1.088 -.041
Age 089 .011 .126 -.005 .040
Indirect
Brooding 063 .011 -.007 .036
Reflection 025  .005 -.004 .018
Total indirect effect .089 .009 .017 .040
Contrasts
Brooding vs. reflection 009 .014 -.020 .037
Outcome: Craving?* Direct
BDI-II 199  .006 <.001 .009 .023
Brooding 186  .025 .028 .006 107
Reflection 071 .022 .328 -.022 .066
Sex 077 122 197 -.083 .399
Age 009 .005 .869 -.009 .011
Indirect
Brooding 101 .041 .023 .186
Reflection 021  .020 -.019 .063
Total indirect effect 123 .040 .048 .205
Contrasts
Brooding vs. reflection -.080 .052 -.019 184

IMNWS item 8

Note: SE = Standard Error; LLCI = lower limit confidence interval; ULCI = upper limit

confidence interval. Standardized regression coefficients are presented
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Fig. 1

Illustration of the multiple mediational model for cigarette dependence
Note: a = Direct effect of depressive symptoms on brooding; a,= Direct effect of depressive symptoms on reflection; b, =direct effect of brooding

on cigarette dependence; b =direct effect of reflection on cigarette dependence; c'= direct effect of depressive symptoms on cigarette

dependence accounting for mediators (brooding and reflection). C = effect of depressive symptoms on cigarette dependence without accounting

for mediators (brooding and reflection). Standardized regression coefficients from mediation analyses presented.

*

9<0.05. p<0.01. p<0.001.
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Fig. 2

Illustration of the multiple mediational model for tobacco craving

Note: a = Direct effect of depressive symptoms on brooding; a,= Direct effect of depressive symptoms on reflection; b =direct effect of
brooding on craving; b,=direct effect of reflection on craving; ¢'= direct effect of depressive symptoms on craving accounting for mediators

(brooding and reflection). C = effect of depressive symptoms on craving without accounting for mediators (brooding and reflection).

Standardized regression coefficients from mediation analyses presented.

*

'p<0.05. p<0.01. p<0.001.



