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ABSTRACT

Background: Gray’srevised Reinforcement Sensitivity Theory (r-RST) isaneuropsychological
explanation of personality that has been broadly used in substance use disorders. Although the
Behavioral Approach System (BAS) is strongly related to nicotine dependence, findings in
Behavioral Inhibition System (BIS) are controversial and there is little information about the
role of the Fight/Flight/Freeze System (FFFS) in nicotine dependence. The purpose of the
present study was to evaluate the mediating role of Risky Decision Making (RDM) in this
relationship to clarify the controversy and fill the gap.

Methods: The final sample of this correlation study comprised of 347 university students (age,
Mean+SD 23.2+6.7) who completed two self-report measures, including the Fagerstrom Test
For Nicotine Dependence (FTND), Jackson-5 questionnaire of r-RST, and a computerized
Iowa Gambling Task (IGT) to measure RDM. Pearson correlation and a path analysis
framework were used to determine the simple, direct, and indirect effects of -RST systems on
nicotine dependence severity through RDM.

Results: Using Amos, path analyses demonstrated significant direct and indirect effects of
BAS and FFFS/BIS on tobacco use. Also, the relationship between BAS/FFFS/BIS and
tobacco use was shown to be mediated by RDM.

Conclusion: It was demonstrated that the relationship among BAS /FFFS/BIS and tobacco
use can be partly explained using maladaptive RDM strategies, suggesting that decreasing
reliance on decision-making in risky situations, while increasing the use of decision-making
skills educations in risky situations, and increasing the use of alternative sensation and fun
seeking by smoking and emotion regulation and mindfulness-based therapies might be
effective interventions for subjects with heightened threat and reward sensitivity.
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1. Introduction

einforcement Sensitivity Theory (RST)

originally defined two motivational pro-

grams: a threat system (Behavioral Inhibi-

tion System (BIS)) and a reward system

(Behavioral Approach System: (BAS))
[1]. Several studies have demonstrated the relation-
ships between these systems and drinking, smoking, and
gambling behavior [2, 3]. Research on original RST has
generally indicated a positive relationship between sub-
stance use and BAS and problematic behaviors. In con-
trast, several studies on original RST have failed to find
correlations between substance use behavior and BIS or
they have shown that low BIS can anticipate substance
use and problematic behaviors; such as drug and alcohol
use, smoking, and gambling [2, 4].

Never smokers have low fun seeking and high BIS,
experimenters have moderately high BIS and moderate
reward responsiveness, and former smokers have high
fun seeking, moderate BIS, high reward responsiveness,
and high drive, whereas current smokers were low on all
four of these characteristics [3]. There were important
changes in the revision of RST, especially concerning
the BIS. Also, the BAS as a function of the reward sys-
tem is fairly fixed [4]. Based on r-RST, threat sensitivity
is specified by the Fight-Flight-Freeze System (FFFS)
[5, 6]. The BIS functioning was previously considered as
a threat detection system. But the BIS in r-RST begins its
activation by a conflict that happens when both the FFFS
and BAS are simultaneously activated [6].

Risky Decision Making (RDM) is a preference for re-
wards with aversive subsequences over safer alternatives
and is an excessive risk-taking. Excessive risk-taking
happens in some disorders and addiction. For example,
in pathological gamblers, persons with Tourette syn-
drome, individuals with opiate and alcohol dependence,
and cigarette smokers who seek drugs despite adverse
consequences [7, 8]. Somatic Marker Theory (SMT)
explains how emotion influences decision-making [9,
10]. SMT proposes that emotions are a factor in the in-
teraction between human decision processes and envi-
ronmental conditions, whereas other studies demonstrate
that the personality influence on the performance was
not entirely explained by emotional differences [10, 11].
However, more studies are required to understand RDM.
Although a non-addict individual usually prefers to de-
crease a risky reward as the risk of punishment increases,
some individuals prefer the risky reward even when the
risk of punishment increases as seen in some with sub-
stance abuse [8, 12, 13].
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Although independent roles of threat sensitivity, re-
ward, and RDM in smoking have been widely evalu-
ated, few studies have considered how these factors can
predict nicotine dependence severity [3, 14]. In addi-
tion, other factors (except RDM), including evaluative
conditioning, affection, sadness and anxiety, risk level,
framing issues, and psychological resilience mediate
the correlation between reinforcement sensitivity and
problematic behaviors [15, 16]. It is hypothesized that a
greater risk-taking behavior (e.g. smokers) is related to a
greater BAS and less BIS, while a less risk-taking behav-
ior (e.g. non-smokers) positively predicts less BAS and
negatively predicts greater BIS. Individual differences
in BAS and BIS are associated with substance misuse
and gambling. BAS is linked to the high risk for being
a drinker or smoker and positively is related to drinking,
and drive and BAS are positively and negatively corre-
lated with gambling, respectively [2, 17].

Other findings indicated that impaired performance or
high scores on sensation seeking and the Gambling Task
(GT) has not an important role in readiness to change
smoking behavior, nicotine-dependence, and vice versa
[18]. Although it has been proposed that BIS/BAS has
a significant contribution to substance use, the different
components of BAS sensitivity have a share to drink-
ing and smoking than gambling. It has also proposed
that sensitivity to punishment mediated the correlation
between sensitivity to reward and non-gambling, and
individual differences in sensitivity to punishment and
sensitivity to reward are functionally related to gambling
problems [2, 4, 19].

The current study was done to evaluate the effects of
RDM and BAS/FFFS/BIS sensitivity in the prediction
of nicotine dependence severity in undergraduate stu-
dents. It is hypothesized that FFFS can negatively pre-
dict greater risk-taking, which in turn positively predicts
smoking. Thus, it is predicted that RDM can mediate the
correlation between FFFS, BIS, and BAS and nicotine
dependence severity; while BAS has also a direct cor-
relation with nicotine dependence.

2. Method

Participants

A total of 347 undergraduate and postgraduate stu-
dents were recruited from Tehran universities, Iran, from
March 2018 to May 2019, of whom 91% were males
with an age range of 18—40 years diagnosed with nicotine
dependence. The majority of participants were under-
graduates (80%) and single (84%) (Table 1). The mean
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age of nicotine dependence was roughly three years, and
the number of cigarettes smoked per week was 45.7.
A certified clinical psychologist (K CH) made a diag-
nosis of nicotine dependence through a formal clinical
interview (DSM-IV) [20]. Exclusion criteria included
past or current psychotic, mania, and major depressive
episodes, as well as substance dependence or abuse. The
study was accepted by the Kashan University of Medi-
cal Sciences ethical committee (Ethical Code: KAUMS.
ETHIC.96021).

Participants were informed about the study objectives
and their informed written consent was obtained. Be-
sides, an evaluation battery, which included the follow-
ing measures was completed.

Measures

Structured Clinical Interview for DSM-IV Axis I Dis-
orders (SCID-I):

SCID-I has a screening form evaluating symptomol-
ogy for various axis I disorders [20]. Diagnostic agree-
ments between retest and test SCID administration were
fair to good for most diagnostic categories in the Iranian
population [21].

Jackson-5 scale

Jackson developed this 30-item scale to measure r-
RST [22]. It consists of five sub-systems: Behavioral
Inhibition System (BIS), Behavioral Activation Sys-
tem (BAS), flight, fight, and freeze system — each sub-
scale contains 6 items. In an Iranian sample, the Cron-
bach’s alpha of the scale was shown to be as follows:
r-BAS= 0.81; r-BIS=0.88, fight=0.74, flight=0.72, and
freeze=0.77 [23]. The scale showed good and accept-
able reliability in the present study (Cronbach’s 0=0.68
to 0.87) (Table 2).

Iowa Gambling Task (IGT)

IGT [24] simulates real-life decision-making by test-
ing the ability of individuals to sacrifice immediate re-
wards [25, 26]. We used a computerized version of the
IGT from the Psychology Experimental Building Lan-
guage (PEBL) test battery. Briefly, participants had to
choose one card from four possible decks (A-D). The
individuals had to make 100 choices, losing and win-
ning a certain amount of money in each choice. After
each choice, the individuals received feedback on the
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computer screen, telling them how much money they
had lost and won. The final IGT score was then obtained
with subtracting the total number of advantageous decks
from that of the disadvantageous decks [(A+B)—(C+D)]
for 100 choices. Higher scores demonstrated more RDM
among individuals.

The Fagerstrom Test for Nicotine Dependence
(FIND)

FTND is a standard tool for determining the severity of
physical nicotine dependence [27]. It was developed to
provide an ordinal indicator of cigarette-related nicotine
addiction. The yes / no items are graded from 0 to 1 and
multiple-choice items are scored from 0 to 3. The scores
are summed up to give an overall score of 0-10. The
higher the Fagerstrom total score, the more severe the
physical dependence on nicotine of the patient is. In the
current study, the questionnaire showed good reliability
(Cronbach’s=a. 0.88) (Table 2).

Data analysis

Pearson’s correlation coefficient was used to test the
correlation between variables (Table 2). Also, we used a
path analysis using AMOS to examine the roles of RDM
(IGT scores) in the associations between three brain be-
havioral systems (r-RST) and the nicotine dependence
severity (FTND scores). Path analyses were performed
using AMOS version 21.0 to determine the best fit mod-
el for predicting nicotine dependence. A pseudo latent
variable regression was employed with one indicator
for each latent construct corrected for measurement er-
ror. The variance of the error linked to each indicator
was defined as the sum of its variance, and one minus
its approximate alpha coefficient to correct random error
measurement [28]. The model fit was evaluated using
generally accepted Chi-square thresholds (Chi-square/
df=1-3), the root mean square error of approximation
(RMSEA 0.06-0.08), the comparative fit index (CFI
>0.95), the goodness-of-fit (GFI >0.90), the adjusted
goodness-of-fit (AGFI >0.85), and Tucker—Lewis index
(TLI>0.85).

3. Results

Participants’ demographic information and other clini-
cal variables are presented in Table 1. Also, the means,
standard deviation, Pearson’s correlation coefficients,
and Cronbach’s alpha for each scale are reported in
Table 2. Pearson’s correlation coefficient was used to
test the correlation between variables. Accordingly, a
significant positive and negative associations between
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Table 1. Demographic and clinical characteristics of students with nicotine-dependence

Variables Mean1SD / No. (%)
Age (y) 23.2+6.7
Male 314 (91%)
Gender
Female 33 (9.0%)
Undergraduate 276 (80%)
Undergraduate students
Postgraduate 71 (20%)
Single 294 (34%)
Marital status Married 51 (14.7%)
Other 2 (1.3%)
Age of onset of cigarette smoking 20.1+2
Duration of nicotine dependence (years) 3+1.9
Number of cigarettes per week 45.7+31.5
History of cession (above one month) 73 (21%)

International Journal of
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Table 2. Correlation matrix, Mean+SD, and reliability coefficients for variables (n=347)

Variables 1 2 3 4 5
r-RST
1: r-BAS 1 -0.26** -0.15%* 0.59** OIS
2:r-BIS 1 0.06 -0.33%* -0.22%*
3: r-FFFS 1 -0.19** -0.05
4:1GT 1 0.63**
5: FTND 1
a 0.76 0.87 0.80 0.90 0.88
M 17.6 18.4 54.6 8.8 5.1
SD 3.7 4.2 3.9 19.7 23
Min 12 11 42 -32 1
Max 26 25 64 39 9

International Journal of
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r-BAS: Revised Behavioral Approach System; r-BIS: Revised Behavioral Inhibition System; r-FFFS: Revised Fight/Flight/
Freeze Systems; IGT: lowa Gambling Task; FTND: Fagerstrom Test for Nicotine Dependence; a: Cronbach'’s alpha; Min: Mini-
mum; Max: Maximum.

Sig: P<0.05.

**P<0.01.
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Table 3. The models” goodness of fit statistics

Autumn 2020, Volume 10, Number 4

Model X df x*/df AIC BIC RMSEA CFI GFI AGFI TLI
1 5.6 1 5.6 33.6 87.5 0.11 0.98 0.99 0.90 0.88
2 3.8 2 1.9 29.8 79.8 0.05 0.99 0.99 0.96 0.97
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X% Chi-square; df: Degrees of Freedom; AIC: Akaike Information Criterion; RMSEA: Root Mean Square Error of Approxima-
tion; BIC: Bayesian Information Criterion; CFI: Comparative Fit Index; GFI: Goodness of Fit Index; AGFI: Adjusted Goodness

of Fit Index; TLI: Tucker-Lewis Index

BAS and BIS and RDM and the frequency of nicotine
dependence, respectively (P<0.01) (Table 2).

The indirect and direct effects of the mediation models
were tested by the mediation analyses (Figures 1 and 2).
Figure 1 demonstrates the roles of RDM (IGT scores)
in the relationships between r-RST constructs (BAS,
BIS, and FFFS), and the nicotine dependence severity
in cigarette smokers. RDM as measured by IGT scores
was associated with nicotine dependence severity. The
first model indicated all direct and indirect effects among
three constructs of r-RST and nicotine dependence. The

BAS

fit indices for the first model demonstrated an acceptable
fit with a high RMSEA. The fit indices for the model
were as follows: CFI=0.98, GFI=0.99, AGFI=0.90, RM-
SEA=0.11, and 90% CI=0.04-0.21. The findings showed
that BIS and FFFS had no direct relationship with nico-
tine dependency. BAS ($=0.53, P<0.001), BIS ($=-0.19,
P<0.001) and FFFS (p=-0.10, P<0.05) significantly pre-
dicted IGT scores. Also, IGT scores directly predicted
nicotine dependency (f=0.52, P<0.001).

The results of Preacher and Hayes’ macro PROCESS
using bootstrapping with 5000 resamples showed that

FEFS

02
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Figure 1. The first model illustrates direct and indirect standardized effects between revised behavioral approach system (r-
RST) subscales and nicotine dependency via the mediating role of risky decision making

BIS

06

FFFS
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Figure 2. The second model illustrates only indirect standardized effects between behavioral inhibition system (BIS) and fight/
flight/ freeze systems (FFFS) and nicotine dependence severity
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BIS (= 0.002, bootstrap SE= 0.048, and 95% CI=0.05—
0.046) and FFFS (3=0.048, bootstrap SE=0.047, and
95% CI=0.001-0.098) had no direct relationship with the
nicotine dependence severity. BAS had direct (f=0.13,
bootstrap SE=0.07, and 95% CI=0.06-0.20), and indirect
relationship with nicotine dependency (f=0.16, bootstrap
SE=0.04, and 95% CI=0.12-0.30) through RDM.

The second model was drawn by the omission of the
direct path from BIS and FFFS to nicotine dependency.
These findings suggested that BIS and FFFS were not
directly associated with the nicotine dependence sever-
ity, but they were indirectly related. The fit indices for
the second model showed a more acceptable fit and less
RMSEA in comparison with the first one (CFI=0.99,
GFI=0.99, AGFI=0.96, RMSEA=0.05, and 90%
CI=0.01-0.12) (Table 3). The second model, however,
significantly showed improved fit, demonstrating that
the second model offers a better explanation of the data
(Table 3). Generally, 43% of the variance in nicotine de-
pendence severity was explained.

4. Discussion

In the current research, we a conceptual model in RDM
mediated the correlation between FFFS and BIS sensi-
tivity and nicotine dependence severity. Also, FFFS and
BIS were shown to have a significant indirect associa-
tion with nicotine dependence severity via RDM. BAS
had significant positive direct and indirect relationships
with nicotine dependence severity. As expected, nicotine
dependence severity was positively correlated with the
individual with high risk-taking in IGT and negatively
associated with the individual with low risk-taking in
IGT. However, the individual with high risk-taking in
IGT was significantly associated with tobacco use.

These findings are consistent with studies, which re-
ported the individual with high risk-taking behaviors to
be a risk factor for problematic behaviors, such as smok-
ing and drinking, and the individual with low risk-taking
behaviors to be a protective factor against problematic
behaviors. In general, the interaction between emotions,
human decision-making processes, environmental con-
ditions, and personality-related differential emotional re-
sponsiveness can modulate somatic marker development
[10, 11]. However, it has been suggested that the crucial
mechanisms and meta-decision variables may be shared
across domains. Also, disinhibition is more strongly as-
sociated with the wanting component of reward-based
decision making, whereas substance abuse behavior is
associated more with the learning of long-term action-
reward contingencies [29, 30].

International Journal of
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Stimulant users take risks more frequently but they are
not less sensitive to punishments, and also the individu-
als with the higher time preference rate or the lower coef-
ficient in the risk aversion become drinkers or gamblers
on the horses and pachinko. Moreover, risk preference
in the Risky Decision-Making Task (RDT) forecasts
other traits related to nicotine and substance use disorder
[14, 31, 32]. Overall, based on our results, RDM was
positively associated with nicotine dependence sever-
ity, which is consistent with some previous studies [32].
However, it is inconsistent with the majority of studies
that reported RDM to be negatively associated with al-
cohol drinking problems and impulsivity and decision-
making are the strongest forecasters of alcohol use.

Fearless children in RDM and those with drivers at high
crash risk either adopt a high-risk approach or a very cau-
tiously approach [33]. Recent studies have shown differ-
ent factors affecting RDM [29, 30]. RDM is measured
via distinct forms of different tests and tasks [14, 33,
34]. Further studies examining different factors affecting
RDM and designing instruments to measure RDM are
needed to clarify the role of RDM in smoking. Consistent
with past evidence, BAS was demonstrated to have a sig-
nificant positive relationship with tobacco use, and drug
and alcohol use was positively related to BAS [2, 4, 34].

It has proposed that both BAS and negative affect are
independently linked to risky performance on IGT, and
BAS is related to high risk for being a drinker or smoker,
and it is positively associated with drinking, driving,
and drug addiction [2, 4]. In our study, FFFS showed no
direct negative relationship with tobacco use. Although
we did not find researches study on the relationships be-
tween FFFS and smoking, there are many studies on the
relationship between FFFS and other problematic be-
haviors, The results indicated that primary psychopath is
negatively associated with the BIS as well as the FFFS.
FFFS also mediates reactions to conditioned and un-
conditioned aversive stimuli. The fear and higher FFFS
sensitivity result in less driving enforcement under stress
and the stress and FFFS also are positively related to
average bet-size. Neuroticism is associated with revised
FFFS-fear, BIS-anxiety, and extraversion to FFFS-fear
and BAS. Also, FFFS is more closely associated with
aversive than avoidant indecision and BIS only antici-
pated aversive indecision [15, 35-38].

In our study, BIS showed no direct negative correla-
tion with tobacco use. Although drug and alcohol use is
negatively associated with BIS, and BIS contributes to
substance use, reward responsiveness (rather than BIS)
protects against engagement in the risky health behav-
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iors, (e.g. sex, drug, alcohol, tobacco use, inactivity, and
poor diet) [4, 39, 40]. The results of studies have indi-
cated four profiles as follows: 1. Never smokers have the
low fun seeking and high BIS; 2. Experimenters have the
moderately high BIS, moderate reward responsiveness,
and high fun seeking; 3. Former smokers have moderate
BIS, high reward responsiveness, high fun seeking, and
high drive; 4. Current smokers were low on all four of
these characteristics [3].

In general, there are inconsistencies in the previous
studies and further studies are needed. However, the
current finding may be consistent or inconsistent with
the RDM relationship with cigarette use. Findings sup-
port that cocaine and marijuana use forecast IGT per-
formance, and impulsivity and risk-taking propensity
are related to smoking [41, 42]. Although acute drugs
(nicotine, amphetamine, diazepam, morphine, and etha-
nol) abuse can modulate risk-taking, either growing or
deducting preference for highly rewarding but risky op-
tions, the mediators, such as executive dysfunction in
alcohol dependence delays transition from ambiguous
to risky situations during IGT [43, 44]. RDM theories of
drug use argue that the consumption of the drug is related
to decision-making in risky situations. Thus, consistent
with RDM theories of drug use, those who are highly
sensitive to threats are less smoker, too. Also, it should
be noted that the indirect correlation between smoking
and FFFS was very weak and the inclusion of the indirect
path to the model did not significantly improve model fit.

This proposes that there is no direct correlation between
cigarette use and FFFS, and there is an indirect association
between RDM and FFFS. Therefore, our findings sug-
gest that no link between sensitivity to threat and tobacco
use can be explained by considering how subjects make
decisions in the risky situations. Obviously, heightened
sensitivity to threats can lead to the use of a lower rate
of decision-making in risky situations, which may then
result in less tobacco use. Although no past evidence has
shown RDM to mediate the correlation between tobacco
use and reinforcement sensitivity, several studies have
separately considered the relationship between RDM, re-
inforcement sensitivity, tobacco and substance use, and
risky behaviors. Studies that have separately considered
the relationship between RDM and RST and smoking
are inconsistent with our findings. There is no significant
mediation between BAS and substance use, and impaired
GT performance and high sensation seeking have not an
important role in readiness to change smoking behavior
and nicotine dependence [18, 45].

Autumn 2020, Volume 10, Number 4

Consequently, our study is unique because it revealed
that RDM mediates the correlation between tobacco
use and reinforcement sensitivity. However, it should
be stated that the lack of BAS to predict substance use
in the Stenason and Vernon (2016) study and no signifi-
cant relationship between impaired GT performance and
smoking in the Harmsen (2005) study were unusual [18,
45]. These unusual findings are inconsistent with the cur-
rent study and suggest a need to evaluate both state mood
and Zpersonality BAS when trying to explain poor IGT
performance, particularly in clinical populations [34].
Previous studies have generally revealed that BAS (fun
seeking) is related to high risk for being a smoker [2],
suggesting that reinforcement sensitivity might more
relevant as the condition to tobacco use increases. This
is consistent with some investigations. The research pre-
dicted a relationship between BAS and substance abuse,
and high BAS was positively associated with increased
desire for alcohol drinking, and BIS/BAS had a signifi-
cant contribution to substance use [4, 46, 47].

Our results provided treatment implications and re-
vealed specific reinforcement sensitivity pathways to to-
bacco use, where BAS sensitivity and FFFS sensitivity
were indirectly linked to tobacco use through decision-
making skills education in risky situations. Also, BAS
sensitivity was directly and indirectly linked to tobacco
use through alternative sensation and fun seeking, such as
combination of exercise and smoking, emotion regulation,
and mindfulness-based therapies. Specifically, our study
demonstrated that greater use of decision-making in risky
situations in people highly sensitive to reward is linked to
high smoking whereas when subjects are highly sensitive
to threat, their behavior is associated with less decision-
making in risky situations and they tend to smoke.

Our results indicated that treatment programs may be
useful for those at high risk for smoking behavior. Increas-
ing reliance by training decision-making skills in risky sit-
uations and increasing the use of alternative sensation and
fun seeking to smoking, as well as emotion regulation and
mindfulness-based therapies are effective in tobacco use
interventions for subjects who are highly sensitive to re-
ward. However, increasing reliance by training decision-
making skills in risky situations is valuable for subjects
who are highly sensitive to threat. Consistent with our
results, examining the effectiveness of decision-making,
cognitive behavioral therapies, and mindfulness skills in-
terventions can be useful to address specific personality
traits that increase the risk of smoking [48-51].
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Limitation

However, it should be considered that our study had
many limitations. It was based on self-report measures.
Subjects were needed to mention their decision-making
responses in risky situations in IGT and to average their
responses in all risky situations experienced. However,
it has been demonstrated that the type and severity of a
risky situation can influence decision-making. This study
was done to the effects of RDM using our used tools. In-
terpretation of the findings regarding FFFS should also
be made cautiously, as it is a recently-developed scale
that has not yet been widely validated. Another weakness
of the current study was that participants were selected
using convenient sampling and they used the computer;
therefore, it cannot be assured that the samples were free
of selection bias. Thus, our findings cannot be general-
ized to other populations, such as those who are not fa-
miliar with or do not use the computer.

5. Conclusion

Overall, our findings suggest that the tobacco use of
people highly sensitive to threats might be an outcome of
ineffectual use of decision-making strategies to deal with
arisky situation, specifically highlighting the importance
of RDM in the prediction of tobacco use. Further exami-
nation of community and various samples, clinical and
non-clinical, is recommended to enhance understanding
of the role that RDM and reinforcement sensitivity play
in tobacco use problems.
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