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Supported by an increasing amount of evidence, 
modern behavioral economics offers an explanation 
for the onset, maintenance, and treatment of addiction 
as pathological reward processing (Bickel, Koffarnus, 
Moody, & Wilson, 2014). In parallel, contextual behavioral 
science proposes interventions based on mindfulness and 
psychological flexibility that aim to modify maladaptive 
behaviors (Hayes, Levin, Plumb-Vilardaga, Villatte, & 
Pistorello, 2013). In the present work, we bring together 
the traditions of behavioral economics and contextual 
behavioral science and link them to research on smoking. 

Smoking remains one of the most common addictions 
and one of the leading preventable causes of death globally 
(Finucane et al., 2011). Smoking and exposure to secondhand 
smoke are responsible for approximately 6.3 million deaths 

worldwide (Lim et al., 2012), and is of particular importance 
in Eastern Europe, where the prevalence of the smoking 
habit is high (Ezzati & Riboli, 2013). A number of studies 
have emphasized that mortality in middle-aged smokers is 
is two to three times greater than mortality in nonsmokers, 
and that the lifespan of smokers is reduced by an average 
of approximately 10 years. Individuals who begin smoking 
at a young age but stop smoking at the age of 30, 40, or 
50 years gained approximately 10, 9, and 6 years of life 
expectancy, respectively, compared to those who continue 
smoking (Doll, Peto, Boreham, & Sutherland, 2004; Jha et 
al., 2013; Jha & Peto, 2014; Pirie, Peto, Reeves, Green, & 
Beral, 2013; Thun et al., 2013).

There is ample evidence from behavioral economics 
linking smoking to measures of delay and probability 
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discounting. Delay discounting refers to a decrease in the 
subjective value of a reward as the delay to its delivery 
increases (Mazur, 1987). Correspondingly, probability 
discounting is observed when the subjective value of 
a reward decreases due to the decreasing probability of 
obtaining it (e.g., Rachlin, Raineri, & Cross, 1991). The 
more a reward is devalued by an increase in delay or 
a decrease in the probability of obtaining that reward, 
the higher is the rate of delay or probability discounting, 
respectively. These measures can vary from individual 
to individual. For example, a higher delay discounting 
rate corresponds to a tendency to choose smaller, but 
sooner rewards over rewards that are larger, but more 
delayed. In intertemporal choice, such an observation is 
considered to be a proxy of greater impulsivity (Logue, 
1988). Correspondingly, a higher probability discounting 
rate corresponds to a tendency to choose more certain 
rewards over those that are less certain to be obtained 
(Shead & Hodgins, 2009), and is associated with greater 
risk aversion. In psychology, impulsivity can be defined 
with relevance to several phenomena. Following the 
approach established in discounting research, we refer to 
impulsivity as manifested by steeper delay discounting 
(Madden & Johnson, 2010). Although impulsivity can also 
be considered in terms of risk seeking and risk aversion, 
as indexed by the probability discounting rate (Green & 
Myerson, 2013), we refer to delay discounting as reflecting 
impulsivity and to probability discounting as reflecting risk 
aversion.

Previous studies have established a robust relevance 
of discounting measures in addiction research (Amlung, 
Vedelago, Acker, Balodis, & MacKillop, 2017; Barlow, 
McKee, Reeves, Galea, & Stuckler, 2016). In a meta-
analysis by MacKillop and colleagues (2011) it was 
found that individuals with an addiction discounted 
delayed rewards more steeply. Importantly, discounting 
has been shown to be a powerful paradigm that can 
provide a conceptual platform to account for the onset 
and maintenance of addiction (Mitchell, 2004). This is 
prominently evidenced in smoking addiction. An increasing 
body of evidence points to increased discounting in 
smokers (for a review, see Barlow et al., 2016). Moreover, 
increased delay discounting predicts poorer outcomes of 
addiction treatment, particularly for smoking addiction 
(Krishnan-Sarin et al., 2007; MacKillop & Kahler, 2009) 
and increases the risk of a relapse after smoking cessation 
(López-Torrecillas et al., 2014; Sheffer et al., 2014; Yoon  
et al., 2007).

Some researchers even argue delay discounting to be 
a neurobehavioral marker of addiction (Bickel et al., 2014) 
and that discounting measures can provide an index for 
discerning between smokers and nonsmokers. Importantly, 
while there is substantial work that links delay discounting 
and smoking, evidence of the relationship between 
smoking and probability discounting remains inconclusive. 
In particular, Mitchell (1999) found that the discounting 
of delayed, but not probabilistic rewards, is higher in 
smokers compared to nonsmokers. This is consistent with 
research by Ohmura, Takahashi, and Kitamura (2005), 

who also reported differences in delay, but not probability 
discounting, related to the degree of smoking in light to 
moderate smokers. On the other hand, some evidence 
links addictions with probability discounting (Reynolds, 
Karraker, Horn, & Richards, 2003; Reynolds, Richards, 
Horn, & Karraker, 2004), for example, altered probability 
discounting was found in smokers following acute nicotine 
abstinence (Mitchell, 2004; Yi & Landes, 2012).

Despite the behavioral, neurobiological, and genetic 
evidence suggesting the individual discounting rate to be 
relatively stable over time (MacKillop et al., 2012; Odum, 
2011), several research reports provide substantial evidence 
that interventions may effectively alter the rate at which 
rewards are discounted (Gray & MacKillop, 2015). These 
include cognitive and behavioral strategies such as working 
memory training (Bickel, Yi, Landes, Hill, & Baxter, 
2011), contracts in therapy to avoid preference reversals 
(Peysakhovich, 2014), choice bundling or bracketing 
(Ainslie & Monterosso, 2003; Read, Loewenstein, & Rabin, 
1999), and motivational interventions aimed to identify and 
highlight the value of delayed outcomes (Murphy et al., 
2012). One area of intervention that recently continues 
to gain an increased attention of researchers concerns 
interventions related to mindfulness and psychological 
flexibility as defined by contextual behavioral science – 
a research paradigm, rooted in radical behaviorism, that 
underlies the development of acceptance and commitment 
therapy (for a comprehensive description, see Hayes, 
Barnes-Holmes, & Wilson, 2012). 

Mindf ulness and psychological flexibility

Mindfulness, as defined by Bishop and colleagues 
(2004), includes two components: (1) attention that allows 
a person to notice mental events as they occur in the present 
moment (mindful awareness); and (2) a particular stance 
toward those events that is characterized by openness, 
curiosity, and acceptance (mindful acceptance). The 
first component is related to abilities such as sustaining 
attention, flexibly switching it from one event to another, 
as well as the inhibition of elaborative processing, i.e., 
noticing instead of analyzing. The second component is 
related to taking a de-centered, nonjudgmental perspective 
of one’s thoughts and feelings. In this perspective, 
mindfulness can be treated as a mode of awareness that 
can be developed, trained, and employed as a clinical 
approach to responding to individual emotional distress. 
It has been proven effective in addressing problems 
related to an intolerance of negative affect and subsequent 
behavioral avoidance, enabling the individual to adopt 
more adaptive strategies (Marlatt, 2002; Roemer, Williston, 
& Rollins, 2015; Teasdale, Segal, & Williams, 1995). 
Research regarding the effectiveness of mindfulness-based 
interventions is emerging rapidly (for a review, see Cullen, 
2011), and involve different settings, such as schools 
(Zenner, Herrnleben-Kurz, & Walach, 2014) and primary 
care (Demarzo et al., 2015), as well as various methods of 
delivery, such as online interventions (Spijkerman, Pots, & 
Bohlmeijer, 2016) or mobile applications (Plaza, Demarzo, 
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Herrera-Mercadal, & García-Campayo, 2013). It has been 
demonstrated that mindfulness-based interventions can 
be an effective approach for treating smoking addiction. 
Individuals treated with these interventions were more 
likely to stop smoking than those who had standard 
treatment (Brewer et al., 2011). In addition, following 
a brief mindfulness-based intervention focused on noticing, 
but not acting on the urge to smoke, it was reported that 
individuals smoked less (“urge surfing”, Bowen & Marlatt, 
2009), or reduced daily cigarette use after introducing 
daily mindfulness meditation practice (Ruscio, Muench, 
Brede, & Waters, 2016). These studies, even without 
a determination of mechanisms underlying the intervention 
effectiveness, show promising results (for a review, see 
de Souza et al., 2015). However, there is still a need for 
further research to investigate the mechanisms by which 
these interventions can bring about behavioral  change.

Mindfulness is closely related to the concept of the 
psychological flexibility model, proposed by Hayes and 
colleagues (Hayes, Luoma, Bond, Masuda, & Lillis, 
2006). They argued that psycholo gical flexibility is 
the individual’s ability to be present with all private 
experiences (also those that are difficult) and engage 
in chosen values-driven actions. The opposite of this is 
experiential avoidance, i.e., a tendency to escape unpleasant 
private events that can underlie psychopathology and poor 
wellbeing (Hayes et al., 2006; Hayes, Strosahl, & Wilson, 
1999). Hayes and colleagues (Hayes et al., 1999; Hayes, 
Strosahl, & Wilson, 2012), also propose Acceptance and 
Commitment Therapy (ACT) to be an approach aimed 
at decreasing experiential avoidance and increasing 
psychological flexibility; this involves noticing and 
allowing all private experiences (pleasant or unpleasant) 
to be as they are, in order to engage in meaningful actions. 
These ACT interventions have been proven to be beneficial 
for individuals with a variety of mental disorders, health 
problems, and addictions (A-Tjak et al., 2015; Ruiz, 
2010), including smoking (for a review, see McCallion 
& Zvolensky, 2015) using various methods of delivery, 
such as online and mobile interventions (for a review, see 
Brown, Glendenning, Hoon, & John, 2016). McCallion 
and Zvolensky (2015) reviewed current results on the 
efficacy of ACT for smoking cessation and concluded 
that treating smoking-specific experiential avoidance may 
be an important mechanism for change. Furthermore, 
there is considerable evidence supporting the importance 
of experiential avoidance in smoking maintenance and 
relapse (Farris et al., 2016; Minami, Bloom, Reed, 
Hayes, & Brown, 2015; Zvolensky, Farris, Schmidt, & 
Smits, 2014).

Both mindfulness as well as psychological flexibility 
seem closely related to impulsivity and risk aversion 
as defined in behavioral economics. All of the four 
concepts are related to a focus on the present moment, 
although in different ways (Ashe, Newman, & Wilson, 
2015). Mindfulness and psychological flexibility imply 
nonjudgmental acceptance of the ongoing experience, 
which includes those experiences that are distressing, 
whereas impulsivity and risk aversion are related to an 

intolerance of the discomfort derived from the necessity 
to opt for larger, but more delayed or less certain 
rewards.

Mindfu lness and psychological flexibility 
in discounting

Conclusions from previous research support the 
supposition that interventions based on both mindfulness 
and psychological flexibility can alter delay and probability 
discounting rates in individuals. Mindfulness-based 
interventions aim to train the individual’s ability to detect 
enticement cues and flexibly switch attention in ways 
that support self-control. Researchers hypothesize that 
a nonjudgmental, de-centered approach also allows an 
individual to approach enticements as purely mental events 
and hence to take a more effective action in response to 
cravings (van Dillen & Papies, 2016). 

So far, existing research support this hypothesis. 
Mindfulness-based training applied to five participants 
with ADHD using a multiple-probe experimental design 
led to less impulsive decisions toward monetary outcomes 
(Enoch, 2015). Reality therapy and mindfulness meditation 
decreased delay discounting in young adults with internet-
gaming disorder, compared to healthy controls (Yao et al., 
2017). In addition, brief mindfulness-based interventions 
(mindful eating) used in a group of obese individuals 
have shown efficacy in reducing delay and probability 
discounting of food items, but not money (Hendrickson 
& Rasmussen, 2013). Mindfulness training for individuals 
with borderline personality disorder also proved to be 
effective in improving their ability to delay gratification, 
as measured by delay discounting, but not impulsivity as 
a trait or response inhibition (Soler et al., 2016). 

However, one study with a multiple-baseline design 
across five participants showed mixed results of the 
impact of brief mindfulness exercises on impulsivity. 
Some participants displayed decreased discounting, 
although it remained the same in others or increased post-
treatment (McPherson, 2015). Results from studies on 
mind-wandering and distraction techniques suggest that 
mind wandering can at times decrease delay discounting 
(Smallwood, Ruby, & Singer, 2013), while distraction 
techniques can be helpful in coping with cravings. Ashe and 
colleagues (2015) discussed such confounding results with 
regard to substance use and proposed an explanation. The 
authors argue that even if mindfulness-based techniques 
are helpful in managing cravings without acting on them, 
in individuals with high delay discounting who experience 
strong cravings, mindfulness strategies are not sufficient 
and distraction becomes more powerful. However, because 
distraction techniques are ineffective in the long term, they 
propose combining both in treatment and use distraction 
techniques at the beginning (especially in the moments 
of strong temptation) and then to introduce mindfulness 
techniques.

In this case ACT provides a useful approach by 
complementing mindfulness skills with behavioral 
interventions that focus on commitment and values. It may 
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strengthen the effects of the intervention and aid in coping 
with powerful enticements. Effectively, the individual 
becomes more aware of an enticement and the experience 
of craving, enabling them to step back to notice the internal 
experiences and to reflect on important values in order 
to choose an action that leads towards meaningful goals 
– instead of acting on a temptation (Hayes, Strosahl et 
al., 2012). Psychological flexibility is closely linked with 
perspective taking and the ability to look at oneself from 
a future-self perspective, which may result in decreased 
discounting of delayed outcomes (Macrae et al., 2016). 
The lack of psychological flexibility, and thus greater 
experiential avoidance, correlates with impulsiveness 
(Berghoff, Pomerantz, Pettibone, Segrist, & Bedwell, 
2012). One study involving undergraduates demonstrated 
that greater experiential avoidance (lower psychological 
flexibility) resulted in an increase in the choice to receive 
three electric shocks following a delay, rather than one 
shock immediately, which indicates increased impulsivity 
in the domain of losses (Salters-Pedneault & Diller, 
2013). Brief ACT training (60 to 90 minute sessions), 
that focused on promoting healthy decision making by 
training participants to observe emotions and to learn to 
act on values, rather than feelings, led to decreased delay 
discounting (Morrison, Madden, Odum, Friedel, & Twohig, 
2014). On the other hand, ACT-based intervention applied 
to individuals with severe psychological problems, and 
targeting specific problem behaviors related to impulsive 
decision making and failed to decrease delayed discounting, 
when compared to a control group; however, it did help 
with reducing given problem behaviors (Morrison, 2016). 
To summarize, conclusions regarding the effectiveness 
of interventions based on mindfulness and psychological 
flexibility are promising, yet require further  investigation.

Aim of  the study

Further research is needed on the interplay of 
smoking, mindfulness, and psychological flexibility, as 
well as impulsivity and the perception of risk (indexed by 
delay and probability discounting, respectively). Therefore, 
we aim to investigate whether a higher behavioral profile, 
composed of mindfulness and psychological flexibility, 
can support the regulation of impulsivity and risk aversion 
in smokers as shown by lower delay and probability 
discounting rates in those who fall within a higher 
behavioral profile of mindfulness and psychological 
flexibility. Based on theory and previous findings, we 
predict lower delay discounting in smokers with a higher 
behavioral profile of mindfulness and psychological 
flexibility compared to those with a lower profile, and we 
aim to determine the effect of a higher profile on individual 
probability discounting rate.

Method s and materials

Partic ipants
A total of 195 participants were recruited from the 

general population (97 female and 98 male; 38.3 ± 11.3 

years, mean age ± SD) to participate in the study. All 
procedures were implemented in accordance with the 
local ethics committee regulations. Individual informed 
consent was obtained from all participants, as well as 
basic sociodemographic and smoking status information. 
Of all the participants, 140 (67 female and 73 male; 
37.3 ± 11.1 years, mean age ± SD) were included in 
further analysis, after excluding 55 participants due to 
missing values in any measure or nonsystematic delay or 
probability discounting. As advised by Johnson and Bickel 
(2008), discounting was assumed to be systematic if each 
subsequent value discounted by an increase in delay time or 
probability of obtaining a reward was not greater by more 
than 20% of the preceding value, and the value discounted 
by the last delay time or probability of receiving a reward 
was not greater than that discounted by the first (for more 
details on indifference points, see measures and analysis 
section). With regard to a smoking status, smokers were 
defined as those who had maintained the smoking habit for 
at least a one year prior to participation. In fact, the median 
time of smoking prior to the study was 186 months with 
a median of 20 cigarettes smoked per day.

Proced ure
The present study involved two parts. After informed 

consent was received from all participants, part one 
consisted of two discounting tasks, completed by each 
participant, one for delayed and one for probabilistic 
hypothetical monetary payoffs. In part two, we collected 
measures of mindfulness and psychological flexibility 
from all participants. For the discounting tasks, we used 
a standard discounting method, proposed by Rachlin, 
Raineri, and Cross (1991). Two fixed choice procedure 
tasks with titrating values were employed in pen-and-
paper format to measure individual delay and probability 
discounting rates, one for delay and one for probability 
conditions. We used one reward magnitude of PLN 1400 
and PLN 1200 for delay and probability discounting, 
respectively (1 Polish Zloty [PLN] equaled approximately 
USD 0.20 at the time of the study). The reward value 
differed between the conditions to avoid carry-over effects 
between the two conditions. Four delay times (1 month, 
6 months, 1 year, and 5 years) and four probabilities 
(95%, 75%, 50%, and 25%) of obtaining a reward were 
used. Each task featured two columns of rows with 
corresponding payoff alternatives: immediate or certain 
and delayed or probabilistic, in delay and probability 
discounting conditions, respectively. Rows in the left 
column (column A) contained the immediate or certain 
alternatives, and the right column (column B) contained 
the corresponding delayed or probabilistic alternatives. The 
values of the immediate or certain alternatives in column 
A were presented over the rows in descending order in 23 
decrements, while keeping the value of the corresponding 
delayed or probabilistic alternative at a constant nominal 
value (PLN 1400 in the delay condition and PLN 1200 in 
the probability condition). Participants had to indicate their 
preferred alternative in each row. Each condition of delay 
time or probability of receiving a reward was presented on 
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a separate page. All tasks were presented to participants in 
a counterbalanced order.

Subsequent to the main procedure, participants 
completed the Philadelphia Mindfulness Scale (PHLMS; 
Cardaciotto, Herbert, Forman, Moitra, & Farrow, 2008) 
and the Acceptance and Action Questionnaire 2 (AAQ2; 
Bond et al., 2011). The first measure, PHLMS, is a 20 
item self-report measure with each item consisting of 
a statement to be rated on a 5-point Likert-type scale. 
The PHLMS includes two subscales and higher scores 
obtained in each indicates higher mindful present-
moment awareness (MAW) and higher nonjudgemental 
acceptance (MAC). The second measure, AAQ2 contained 
seven statements related to contacting difficult inner 
experiences in order to engage in valued activities. Each 
statement was rated on a 7-point Likert-type scale that 
indicated the individual convergence with its content. 
A higher score obtained in AAQ2 corresponded to a higher 
psychological flexibility, defined as the ability to engage in 
meaningful actions even in the presence of difficult internal 
experiences.

Measur es and analysis
In preliminary analysis we aimed to categorize 

participants based on their mindfulness and psychological 
flexibility score. To partition individuals into behavioral 
profiles based on the score in PHLMS, separately for 
the MAW and MAC subscales, and AAQ2, a k-means 
cluster analysis was performed. We aimed to maximize 
the interpretability of the number of clusters obtained, as 
suggested by Cross (2013), while also maintaining formal 
validity of the clustering solution. Therefore, the optimal 
clustering solution was explored and confirmed independently 
with three prominent clustering validity indexes: the Caliński-
Harabasz index (CH; Caliński & Harabasz, 1974), Gap 
statistic (Gap; Tibshirani, Walther, & Hastie, 2001), and 
average silhouette width (S; Rousseeuw, 1987).

The delay and probability discounting procedures 
employed here aim to estimate the indifference points, i.e., 
certain or immediate values approximately subjectively 
equal to probabilistic or delayed outcomes for given delays 
or the probabilities of receiving a reward. The indifference 
points were defined as the value of the last payoff chosen in 
column A before the preference switched to the alternatives 
in column B. This last chosen value in column A represents 
the approximate subjective value of a delayed or 
probabilistic payoff with a given delay time or probability 
of receiving it. To infer the appropriate discounting rates, 
we have used the area under the curve measure (AUC), as 
suggested by Myerson and colleagues (2001). This was 
computed as the area under the line segments that connect 
each indifference point obtained in delay and probability 
discounting for each delay time or probability (as expressed 
by odds against) of receiving a reward. A higher value 
of the AUC is interpreted as a lower discounting rate. In 
other words, the closer the AUC is to unity, the slower or 
shallower the discounting rate, showing less preference 
for immediacy (in delay discounting) or less preference 
for certainty (in probability discounting). To determine the 

relationship of the behavioral profile and smoking status 
on the discounting rate, we used a 2x2 between-subjects 
factorial model of analysis (Two-Way ANOVA) separately 
for AUC measures obtained from delay and probability 
discounting. Sidak’s significance correction for multiple 
comparisons was applied to the analysis of simple effects 
in further inferences.

Results

 In the preliminary analysis, the optimal number 
of clusters k, based on MAW, MAC, and AAQ2 values, 
was established as k = 2. This clustering solution yields 
superior values in CH, Gap, and S indexes, compared to 
the neighboring solutions of up to 5 clusters (Table 1). 
Following the approach outlined by Cross (2013); we 
decided to adopt this solution due to the maximized 
interpretability of the resulting clusters, despite it achieving 
relatively modest values in the three indexes. Index values 
for the neighboring solutions can be found in  Table 1.

Table 1. Values of the 3 cluster validity indexes 
(CH, Gap, and S), obtained for the optimal (k = 2) 
and neighboring clustering solutions (expressed as 
the number of clusters k)

Clustering validity 
index

Clustering solution (k)

2 3 4 5

CH 80.92 67.96 61.01 55.54

Gap -0.22 -0.76 -1.23 -1.43

S 0.33 0.28 0.25 0.23

Two behavioral profiles of participants were isolated: 
the first group, hiMF-AAQ2, with higher observed 
MAW, MAC, and AAQ2 scores, and the second group, 
loMF-AAQ2, who obtained lower scores. Significant 
differences in MAW, MAC, and AAQ2 scores were 
confirmed between resulting clusters (MAW: t(138) = 2.828; 
p = .005; d = 0.51; MAC: t(138) = 7.012; p < .001; 
d = 1.25, AAQ2: t(138) = 16.006; p < .001; d = 2.71). To 
summarize, individuals in the hiMF-AAQ2 profile group 
displayed significantly higher scores in MAW, MAC, and 
AAQ2, corresponding to higher overall mindfulness and 
psychological flexibility, compared to the loMF-AAQ2 
profile with lower overall mindfulness and psychological 
flexibility. Group composition and values of MAW, MAC, 
and AAQ2 in the two behavioral profiles are presented in 
Table 2.

Preliminary analysis was concluded by ruling out 
the possible confounding of the relationship between 
smoking status and behavioral profile. We have confirmed 
that there were no differences in MAW, MAC, and AAQ2 
scores between smoking and nonsmoking individuals 
(t(138) = 0.882; p = .379; d = 0.15, t(138) = 1.046; p = .297; 
d = 0.18, t(138) = .471; p = .638; d = 0.08).
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Discount ing of delayed rewards
In the main analysis, we observed a significant 

main effect of the behavioral profile in delay discounting 
(F(1, 136) = 8.145; p = .005; η2

p = .057), which signifies that 
overall, the loMF-AAQ2 profile group discounted rewards 
steeper (M = 0.53, SD = 0.26) than the hiMF-AAQ2 group 
(M = 0.6288, SD = 0.21). In parallel, there was no statistically 
significant main effect of smoking status (F(1, 136) = 2.023; 
p = .157; η2

p = .015). We did, however, observe a significant 
interaction effect of behavioral profile and smoking status 
(F(1, 136) = 9.182; p = .003; η2

p = .063), and therefore 
we examined the structure of simple effects. In relation 
to smoking status, we found that among smokers, the 
loMF-AAQ2 profile group showed higher discounting than 
the hiMF-AAQ2 group (M = 0.43, SD = 0.23 vs M = 0.66, 
SD = 0.20 for loMF-AAQ2 and hiMF-AAQ2, respectively) 
(p < .001). No such differences between the two groups were 
found in the nonsmoking subgroup (M = 0.61, SD = 0.27 
vs M = 0.60, SD = 0.22 for loMF-AAQ2 and hiMF-AAQ2, 
respectively) (p = .895). Furthermore, we found that in 
the hiMF-AAQ2 profile group there were no significant 
differences in discounting rates between smokers and 
nonsmokers (p = .192). Importantly, in the loMF-AAQ2 
profile, smokers discounted delayed rewards more steeply 
than the nonsmoker group (p = .006).

Discounting  of probabilistic rewards
For probability discounting, as with the delay 

condition, there was a main effect of the behavioral profile 

group (F(1, 136) = 12.179; p = .001; η2
p = .082). No effect of 

smoking status (F(1, 136) = 1.400; p = .239; η2
p = .010) or its 

interaction with the behavioral profile (F(1, 136) = 0.677; 
p = .412; η2

p = .005) was observed, however. With respect 

Table 2. Characteristics and group composition of behavioral profiles partitioned by k-means cluster analysis

Variable
Sex Age Smoking MAW MAC AAQ2

n male n female mean SD n yes n no mean SD mean SD mean SD
hi MF-AAQ2 47 40 35.34 9.91 41 46 35.52 7.23 33.83 5.37 42.40 4.37
lo MF-AAQ2 26 27 40.42 12.31 23 30 32.23 5.66 27.68 4.42 29.02 5.44

Note. hi MF-AAQ2, higher behavioral profile of mindfulness and psychological flexibility; lo MF-AAQ2, lower behavioral profile 
of mindfulness and psychological flexibility; MAW, mindful present-moment awareness subscale (of the PHLMS, Philadelphia 
Mindfulness Scale); MAC, nonjudgemental acceptance subscale (of the PHLMS, Philadelphia Mindfulness Scale); AAQ2, Acceptance 
and Action Questionnaire 2.

Figure 1. Median indifference points in smokers and nonsmokers for the loMF-AAQ2 and hiMF-AAQ2 profile 
groups (Panel A) obtained in the delay discounting condition, with corresponding mean values of the AUC that 
demonstrates the interaction between smoking status and behavioral profile on delay discounting (Panel B); 
S, smokers; nS, nonsmokers; loMF-AAQ2, lower behavioral profile of mindfulness and psychological flexibility; 
hiMF-AAQ2, higher behavioral profile of mindfulness and psychological flexibility.

Figure 2. Median indifference points in smokers and 
nonsmokers for the loMF-AAQ2 and hiMF-AAQ2 
profile groups (Panel A) obtained in the probability 
discounting condition, with corresponding mean values 
of the AUC for the two behavioral profiles (Panel B). 
Results were collapsed for smokers and nonsmokers, 
due to the absence of a main effect of smoking status or 
its interaction with the behavioral profile; loMF-AAQ2, 
lower behavioral profile of mindfulness and psychological 
flexibility; hiMF-AAQ2, higher behavioral profile of 
mindfulness and psychological flexibility.
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to the discounting rate between loMF-AAQ2 and 
hiMF-AAQ2 groups, a higher rate of discounting was again 
found in the loMF-AAQ2 group (M = 0.44, SD = 0.15), 
compared to the hiMF-AAQ2 group (M = 0.55, SD = 0.19) 
(p = .001). Unlike in the delay discounting condition, 
smoking status did not further differentiate the rate at which 
the participants discounted probabilistic rewards in the two 
behavioral profile groups.

Discussion

We  investigated the impact in smokers of a higher or 
lower behavioral profile of mindfulness and psychological 
flexibility on delay and probability discounting (proxies 
of impulsivity and risk aversion, respectively). In the 
preliminary analysis, participants were partitioned into 
two behavioral profiles: (1) those with lower mindfulness 
and psychological flexibility (profile loMF-AAQ2); and 
(2) those with higher mindfulness and psychological 
flexibility (profile hiMF-AAQ2). In other words, a higher 
profile corresponded to higher present-moment awareness, 
nonjudgmental acceptance of ongoing experiences, and 
greater psychological flexibility. The main analysis was 
performed to investigate the impact of the behavioral 
profile and smoking status on delay and probability 
discounting. Individuals with higher mindfulness and 
psychological flexibility profile showed overall lower 
discounting rates in delay and probability discounting tasks, 
compared to individuals with a lower profile. Interestingly, 
smoking status further differentiated the rate at which 
participants discounted delayed, but not probabilistic 
rewards. Smokers with higher scores in mindfulness and 
psychological flexibility discounted delayed rewards less 
steeply, compared to those with lower scores. However, 
there were no differences in delay discounting in 
nonsmoking individuals between groups with higher and 
lower mindfulness and psychological flexibility scores. 
For probabilistic rewards, individuals with a higher profile 
displayed decreased discounting, similarly to the delay 
condition, but regardless of smoking status.

Our results suggest that smokers who are less aware of 
their impulses, less accepting of them, and less able to engage 
in meaningful actions while those impulses are present, tend 
to be more impulsive. Taking into account existing evidence 
regarding the effectiveness of both mindfulness-based and 
ACT interventions in decreasing delay discounting (Enoch, 
2015; Morrison et al., 2014; Yao et al., 2017), we may 
assume that interventions aimed at increasing mindfulness 
and psychological flexibility might be beneficial in decreasing 
impulsivity (as defined by a strong preference for immediate 
rewards) and may further promote smoking cessation. We 
propose that behavioral interventions, focused on increasing 
mindfulness and psychological flexibility, could prove 
effective in equating the delay discounting of smokers to that 
of nonsmoking individuals.

Present results offer a potential explanation for the 
efficacy of mindfulness-based and ACT interventions in 
regulating impulsivity in smokers. Prior research suggests 
mindfulness and impulsivity to be partially overlapping 

but distinct concepts (Murphy & Mackillop, 2012). 
Therefore we suggest that high levels of mindfulness 
and psychological flexibility may act as a buffer towards 
impulsivity. Even in individuals with a tendency for more 
impulsive choices (coinciding with the presence of an 
addiction) increased awareness and acceptance of arising 
impulses, and an ability to enact what is more beneficial in 
the long term in the presence of those impulses, may lessen 
the negative impact of this existing tendency and enable 
more informed action.

Our results could also suggest that a certain subgroup 
of smokers would benefit more from mindfulness-based 
interventions. It may be that in smokers, similarly to opiate-
dependent individuals, there are different mechanisms 
leading to addiction, some related to impulsivity and others 
that are not (Passetti, Verdejo-Garcia, & Abou-Saleh, 2013). 
This supports the hypothesis of Dakwar, Mariani, and Levin 
(2011), regarding substance-using groups. Some subgroups 
may possess more pronounced deficits in mindfulness 
and psychological flexibility and may benefit from 
interventions that target those abilities more than others.

Delay discounting could also be used as a marker for 
intervention choice. As suggested by Ashe and colleagues 
(2015), when a person submits to treatment, their level of 
delay discounting (that reflects susceptibility for craving) 
may help to guide the decision as to the most beneficial 
course of treatment and which intervention components 
would be most successful. For people with steeper 
discounting, mindfulness-based interventions may be more 
useful, whereas for people with shallower delay discounting 
there might be a need for interventions aimed to increase 
motivation, or focused on values clarification. However, 
as no norms for delay discounting have been identified so 
far (MacKillop et al., 2016), this problem needs further 
investigation.

In our study, we demonstrate a different relationship 
of delay and probability discounting and the behavioral 
profile. Although some theoretical approaches regard 
both the delay and probability discounting as reflecting 
the same underlying trait or process of impulsivity (Green 
& Myerson, 2013; Myerson, Green, Scott Hanson, Holt, 
& Estle, 2003; Rachlin, Logue, Gibbon, & Frankel, 
1986), empirical evidence shows that these processes are 
positively, but weakly correlated (Holt, Green, & Myerson, 
2003; Mitchell & Wilson, 2010). Following this reasoning, 
an impulsive individual may choose the immediate, smaller 
reward, and also avoid risk and have the certainty of the 
small amount (Białaszek, Gaik, McGoun, & Zielonka, 
2015). Because of these discrepancies on a theoretical and 
empirical level, we refer to impulsivity as the choice in the 
intertemporal domain, and to risk aversion not as a direct 
facet of impulsivity, but rather a dimension that reflects the 
degree of probability discounting.

Participants with a higher behavioral profile of 
mindfulness and psychological flexibility displayed lower 
risk aversion, regardless of smoking status. One possible 
interpretation of this result is that people with higher 
mindfulness and psychological flexibility have a greater 
capacity to cope with the discomfort derived from the risk 
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of whether a reward will be obtained. Such an ability may 
promote better enactment of individual values, working 
towards goals, or taking courageous action despite there 
being the risk of whether an anticipated outcome will occur. 
Our results showed that this was unrelated to smoking 
status, therefore it may be hypothesized to be related to 
a more general disposition.

Of note, our participants were classified into two 
profiles consisting of mindful awareness, mindful 
acceptance, and psychological flexibility, suggesting that 
being aware of inner experiences is not enough to abstain 
from impulsive choices and must be accompanied by 
acceptance of one’s own experience, as well as the ability 
to make choices more consistent with values. On the other 
hand, people who have less awareness of inner experience, 
also have less acceptance and less psychological 
flexibility, which may be due to avoidance of these internal 
experiences (that are seen as unpleasant).

We observed that some of the smokers displayed 
a high behavioral profile of mindfulness and psychological 
flexibility, which may suggest that the relation of 
impulsivity and addiction is not direct. Some research 
suggests that impulsivity (indexed by steeper discounting) 
might be an etiological factor in the onset of addiction, 
while in other increased discounting was a result of the 
extended exposure to an addictive substance (for a review, 
see MacKillop et al., 2011). Considering that the evidence 
of any causal relationships of impulsivity and addiction 
is not sufficiently conclusive, we propose that while 
a higher behavioral profile of psychological flexibility and 
mindfulness may support better coping with impulsive 
behavior that coincides with addiction, it may also be that 
not only the urge or difficulty in tolerating ongoing emotion 
leads to smoking but also mindful decisions to do so, i.e., 
the choice to smoke due to its function of improving focus, 
relaxation, or inducing pleasure.

Finally, we note that our conclusions should be 
confirmed by future experimental data. In addition, 
individual smoking status was measured by self-report, 
and while we did check for the time since taking up 
smoking and its intensity, it was not controlled otherwise. 
We also did not control for other problem behaviors 
related to addiction. Interpretation of our results could 
also be impacted by the measures we used. The AAQ2 
questionnaire is under discussion with respect to its validity 
(Wolgast, 2014). 

The main result of the present study demonstrates 
that those who are more impulsive are not only individuals 
who smoke but also individuals with a lower level of 
mindfulness and psychological flexibility. In parallel, 
those with a high mindfulness and psychological flexibility 
profile are less risk-averse. Future studies may employ 
alternative measures of psychological flexibility, such as 
measures related to cognitive flexibility and values, as 
well as ecological momentary assessment. Nevertheless, 
we believe that our conclusions are promising, and that 
the potential benefit of mindfulness and psychological 
flexibility-based interventions in managing impulsivity in 
smokers is considerable.
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