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and recovery outcomes. This study aimed to evaluate the impact of engagement in NA group
therapy on the reduction of impulsivity and the modulation of the brain-behavioral systems
among individuals diagnosed with SUDs.

Methods: This quasi-experimental study utilized a pre-test, post-test design with a control group
to assess the effectiveness of the study intervention. The study population comprised individuals
with SUDs who sought support from the Shahrekord NA association, Shahrekord City, Iran, in
2023. A sample of 40 participants was randomly allocated to either the experimental group, which
received NA group therapy, or the control group, with 20 participants in each. The experimental
group engaged in the NA twelve-step education package, consisting of 12 weekly 90-minute
sessions, whereas the control group received standard methadone maintenance treatment. Data
on impulsivity and brain/behavioral systems were collected using validated questionnaires
administered before and after the intervention. Analysis of covariance (ANCOVA) was employed
using SPSS software, version 23 to analyze the data.

Results: Engagement in NA group therapy resulted in a statistically significant reduction in
impulsivity and a significant improvement in the functioning of brain-behavioral systems
within the experimental group compared to the control group (P<0.01).
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Highlights
e NA group therapy significantly reduced impulsivity in individuals with SUDs.

e NA group therapy led to a significant improvement in the functioning of brain-behavioral systems among
participants.

e These positive outcomes in impulsivity and brain-behavioral systems were observed in the NA group when
compared to a control group receiving standard methadone maintenance treatment.

Plain Language Summary

Participation in Narcotics Anonymous (NA) group therapy appears to be a highly effective intervention for
individuals struggling with substance use disorders (SUDs), leading to significant improvements in critical aspects
of their recovery. This study found that individuals engaging in NA group therapy experienced a notable reduction
in impulsivity, characterized by the tendency to act without thinking, and an enhancement in their brain-behavioral
systems, which govern how we respond to rewards and navigate our environment. These positive changes suggest
that NA group therapy not only helps individuals gain better control over their immediate urges but also supports
a healthier balance in their brain’s reward processing and self-regulation. Essentially, by providing a supportive
community and a structured program, NA helps individuals with SUDs build crucial self-regulatory skills for long-

term recovery.1.

Introduction

ubstance use disorders (SUDs) constitute a

critical and growing global health challenge,

impacting a significant proportion of the

world’s population and generating substan-
tial social, economic, and healthcare strains (Connery et
al., 2020). Defined by a pattern of compulsive substance
seeking and use despite adverse consequences, SUDs
encompass a diverse array of substances and exhibit
varied clinical manifestations (Volkow & Blanco, 2023).
Contemporary epidemiological data underscores the ex-
tensive scale of this issue. Zhang et al. (2024) estimated
that approximately 296 million individuals worldwide
had used drugs in the prior year, with a concerning 39.5
million experiencing drug use disorders, marking a no-
table increase over previous decades and emphasizing
the pressing need for effective prevention and treatment
interventions.

The repercussions of SUDs extend significantly be-
yond individual well-being, having a profound impact
on families, communities, and societal structures. The
economic burdens linked to substance abuse are sub-
stantial, encompassing direct healthcare costs, dimin-
ished productivity stemming from absenteeism and pre-
mature mortality, and the considerable financial strain
imposed on the criminal justice system (Silva, 2023).

Moreover, individuals with SUDs demonstrate elevated
rates of co-occurring mental health disorders, infectious
diseases such as HIV and hepatitis C, cardiovascular
complications, and a heightened risk of suicide and over-
dose, contributing to significant morbidity and mortal-
ity (Sanchez-Roige et al., 2022). The widespread nature
and multifaceted consequences of SUDs underscore the
necessity for a thorough understanding of the underlying
neurobiological and psychological mechanisms to guide
the development and implementation of effective inter-
ventions aimed at facilitating recovery and mitigating
harm (Zohdi et al., 2022).

A pivotal psychological construct implicated in the
susceptibility to, onset, and perpetuation of SUDs is
impulsivity (Kozak et al., 2019). Characterized as a
propensity to act on urges or inclinations without suf-
ficient forethought or consideration of potential adverse
outcomes, high impulsivity is a consistently observed
phenomenon across the spectrum of the addiction cycle
(Kakavand et al., 2018). Individuals displaying high lev-
els of impulsivity may exhibit an increased likelihood
of initiating substance use, escalating their consumption
patterns more rapidly, experiencing greater challenges in
adhering to treatment protocols, and facing a heightened
risk of relapse following periods of abstinence (Poulton
& Hester, 2020). Neuroimaging research has highlighted
that impulsivity in SUDs is associated with dysregulated
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fronto-striatal circuits, particularly those involving the
prefrontal cortex and striatum, which underpin executive
functions such as inhibitory control, decision-making,
and working memory (Zhou et al., 2024; Jones et al.,
2021). These neural deficits contribute to the compulsive
behaviors characteristic of addiction, making impulsiv-
ity a critical target for therapeutic interventions.

In addition to the role of compromised inhibitory
control, the brain’s behavioral approach system plays
a critical role in elucidating the motivational founda-
tions of substance use (Carver & White, 1994). The
behavioral approach system, rooted in dopaminergic
pathways, drives reward-seeking behaviors, while the
behavioral inhibition system modulates responses to
punishment and non-reward, creating a balance that is
often disrupted in SUDs (Hunt et al., 2024; Ghasemi et
al., 2024). Within the context of SUDs, prolonged ex-
posure to substances of abuse can induce a sensitization
of the behavioral approach system, leading to an aug-
mented response to drug-associated cues and an intensi-
fied subjective experience of reward linked to substance
consumption (Rosenthal et al., 2022). This neuroadap-
tive process can generate a potent motivational impetus
toward drug-seeking and drug consumption, frequently
overshadowing natural rewards and contributing to the
compulsive characteristics of addiction (Su et al., 2024).
The interplay between heightened behavioral approach
system sensitivity, diminished behavioral inhibition sys-
tem functionality, and impulsivity forms a neurobehav-
ioral vulnerability profile that perpetuates SUDs, neces-
sitating interventions that target both motivational and
inhibitory mechanisms (Ramsewak et al., 2020).

Narcotics anonymous (NA) represents a global, com-
munity-based, mutual-help organization that provides
support for individuals pursuing recovery from SUDs
(Dekkers et al., 2020). Grounded in the Twelve-Step
Model, NA integrates principles of cognitive-behavioral
change, social learning, and spiritual growth to foster
recovery through peer support and structured self-reflec-
tion (Galanter et al., 2023). Central to NA is its 12-step
program, a framework of guiding principles that delin-
eates a process of personal development, spiritual awak-
ening, and recovery from addiction, facilitated through
peer support, shared experiences, and adherence to these
principles (Galanter et al., 2023). NA group meetings
provide a secure and supportive environment where in-
dividuals can openly discuss their challenges, receive
encouragement from others in recovery, and acquire
practical strategies for maintaining abstinence and fos-
tering a healthy lifestyle (Galanter et al., 2019).

Theoretically, NA’s emphasis on peer support and step-
based reflection aligns with social learning theory, which
posits that behavior change occurs through modeling
and reinforcement, as well as self-regulation theories,
which emphasize the role of self-monitoring and goal-
setting in behavioral modification (Daviu et al., 2019).
The NA group therapy typically entails consistent atten-
dance at these meetings, active engagement in sharing,
systematic progression through the 12 steps with a spon-
sor (a more experienced member), and involvement in
service within the NA community (Galanter et al., 2019).
Despite the widespread use and frequent recommenda-
tion of NA as an adjunct to SUD treatment, empirical
research specifically investigating its influence on neu-
rocognitive factors, such as impulsivity and the behav-
ioral approach system, remains comparatively limited in
contemporary academic literature.

Considering the well-documented roles of impulsiv-
ity and the behavioral approach system in the etiology
and perpetuation of SUDs, coupled with the extensive
utilization of NA as a resource for recovery support, a
thorough investigation into the potential impact of NA
group therapy on these specific neurocognitive dimen-
sions is justified.

This study builds on reinforcement sensitivity theory
and self-regulation frameworks to hypothesize that NA’s
structured peer support and step-based approach can
modulate impulsivity and recalibrate brain-behavioral
systems by fostering inhibitory control and shifting re-
ward sensitivity toward prosocial behaviors (Ghasemi
et al., 2024; Daviu et al., 2019). Elucidating whether
and how engagement in NA may modulate impulsivity
and the functioning of the brain’s reward system could
yield valuable insights into the mechanisms underlying
its effectiveness and inform the integration of mutual-
help modalities into comprehensive treatment strategies.
Consequently, the present study aimed to evaluate the
effectiveness of participation in NA group therapy on
the reduction of impulsivity and the improvement of the
brain-behavioral systems functioning in individuals with
SUDs who sought support from the Shahrekord NA as-
sociation.

Materials and Methods

This quasi-experimental study utilized a pre-test, post-
test design with a control group. The participant popula-
tion consisted of individuals diagnosed with SUDs ac-
cording to the diagnostic and statistical manual of mental
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disorders, the fifth Edition (DSM-5), who were actively
seeking support from the Shahrekord NA association in
Shahrekord City, Iran, between January and December
2023. The participants were recruited using purposive
sampling, targeting individuals attending NA meetings
at the Shahrekord NA association who met the inclu-
sion criteria: 1) A confirmed DSM-5 SUD diagnosis,
2) Regular attendance at NA meetings, 3) Aged 18-50
years, and 4) Provision of written informed consent.
The exclusion criteria encompassed the presence of se-
vere and unstable psychiatric comorbidities (e.g. active
psychosis, severe bipolar disorder in a manic phase),
significant cognitive impairment that would hinder the
comprehension and completion of questionnaires, and
current involvement in other formal psychological or
psychotherapeutic interventions specifically targeting
impulsivity or reward processing. A total of 40 male par-
ticipants were recruited, with a power analysis indicating
that a sample size of 40 (20 per group) was sufficient to
detect a medium effect size (F=0.25) with 80% power at
an a level of 0.05. Participants were randomly assigned
to either the experimental group (n=20), which received
NA group therapy, or the control group (n=20), which
received standard methadone maintenance treatment.
Allocation was ensured through the use of a random
number generator to maintain balance.

The study was conducted in collaboration with the
Shahrekord NA Association and a local addiction treat-
ment center providing methadone maintenance therapy.
Following ethical approval, potential participants were
identified through NA meeting announcements and clinic
referrals. Eligible participants completed informed con-
sent forms and baseline assessments, including demo-
graphic questionnaires, the Barratt (1965) impulsiveness
scale (BIS-11), and the brain-behavioral systems scales
(BBSS). The experimental group participated in NA
group therapy over 12 weeks, while the control group
continued standard methadone maintenance treatment.
Post-intervention assessments were conducted within
one week of the intervention’s conclusion, using the
same instruments employed during the intervention. Data
collection took place in a private setting at the NA As-
sociation or a treatment center to ensure confidentiality.

The experimental group participated in a structured NA
group therapy program based on the 12-step education
package, delivered over 12 weekly 90-minute sessions
facilitated by trained NA members with at least 5 years

of sobriety and expertise in the 12-step program. The
intervention followed a standardized protocol adapted
from the NA step working guides, focusing on group
discussions, personal sharing, and step-based exercises.
The 12 steps of NA therapy outline a structured process
for recovery from addiction. The first step involves ac-
knowledging personal powerlessness over addiction and
the resulting unmanageability of one’s life. In the sec-
ond step, individuals recognize the existence of a higher
power capable of restoring mental stability. The third
step entails a conscious decision to surrender one’s will
and life to the care of this higher power, as understood
by the individual. The fourth step requires conducting a
thorough and courageous moral self-assessment.

In the fifth step, individuals confess the precise nature
of their shortcomings to their higher power, themselves,
and another person. The sixth step involves being fully
prepared to have these character flaws removed by the
higher power. The seventh step consists of earnestly re-
questing the higher power to eliminate these shortcom-
ings. In the eighth step, individuals compile a list of all
those they have harmed and become willing to make res-
titution. The ninth step involves making direct amends to
those harmed, except when doing so would cause further
injury to them or others. The 10" step emphasizes the
ongoing practice of self-reflection and promptly admit-
ting when one is wrong. The 11" step focuses on enhanc-
ing spiritual connection through prayer and meditation,
seeking to align with the will of the higher power and
gain the strength to fulfill it. Finally, the 12" step high-
lights the spiritual awakening achieved through these
steps, encouraging individuals to share this approach
with other addicts and to apply these principles in all
aspects of life consistently. Each session included an
opening reading of NA principles, guided discussions on
one or two steps, personal sharing of recovery experi-
ences, and peer feedback, with participants encouraged
to work with a sponsor to apply the steps outside of ses-
sions. The control group received standard methadone
maintenance treatment, involving daily methadone dos-
ing (Mean+SD) dose: 60+15 mg/day administered by a
licensed clinician, following national guidelines for opi-
oid dependence treatment, without additional psychoso-
cial interventions during the study period.

The Barratt impulsiveness scale-11 (BIS-11) (Patton
et al., 1995), is a widely used 30-item self-report instru-
ment designed to measure trait impulsivity across three
subscales: attentional impulsivity (difficulty maintaining
focus), motor impulsivity (acting without forethought),



http://jpcp.uswr.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

and non-planning impulsivity (reduced orientation to-
ward future consequences). The original BIS-11, de-
veloped in English, has demonstrated strong psycho-
metric properties, with internal consistency (Cronbach
0=0.79-0.83) and test, re-test reliability (r=0.83) across
diverse populations. Its construct validity is supported
by correlations with neurocognitive measures of impul-
sivity (Stanford et al., 2009). The Persian version of the
BIS-11, validated by Nematolahi et al. (2024), demon-
strated good internal consistency (a=0.81) and conver-
gent validity with other impulsivity measures in Iranian
clinical samples, confirming its suitability for Persian-
speaking populations. In the present study, participants
responded to each item using a 4-point Likert-type scale
(1=rarely/never to 4=almost always/always), with higher
total scores indicating greater impulsivity. The BIS-11
demonstrated robust internal consistency in the current
sample (Cronbach 0=0.83), consistent with prior valida-
tions.

The BBSS (Carver & White, 1994) is a 20-item self-
report questionnaire that assesses individual differences
in the behavioral approach system and behavioral inhibi-
tion system. The behavioral approach system comprises
three subscales: Reward responsiveness, drive, and fun
seeking. The original English version of the BBSS has
established reliability (Cronbach a=0.66—0.82 for sub-
scales, 0=0.73 for the behavioral inhibition system) and
validity, with behavioral approach system scores corre-
lating with reward sensitivity and behavioral inhibition
system scores correlating with anxiety measures (Carver
& White, 1994). The Persian adaptation, validated by
Habibi et al. (2019), demonstrated acceptable internal
consistency (a=0.70-0.78 for behavioral approach sys-
tem subscales, 0=0.74 for behavioral inhibition system)
and construct validity through factor analysis in Iranian
populations. Participants in this study responded using a
4-point Likert scale (1=very false for me to 4=very true
for me), with higher behavioral approach system scores

indicating greater reward-seeking tendencies and higher
behavioral inhibition system scores reflecting sensitiv-
ity to punishment. In the current investigation, the BBSS
demonstrated strong internal consistency (Cronbach
0=0.86), supporting its reliability in this sample.

Descriptive statistics summarized demographic and
baseline scores for impulsivity and brain-behavioral sys-
tems. ANCOVA, conducted using SPSS software, ver-
sion 23, assessed the effect of NA group therapy on post-
intervention scores, controlling for baseline differences
with pre-intervention scores as covariates.

Results

The demographic characteristics of the 40 male par-
ticipants in this study indicated a Mean+SD age of
32.56+6.25 years. Regarding educational attainment,
the largest proportion of participants had completed
high school (45%), followed by those with some col-
lege education (30%), a college degree (15%), and those
who had not completed high school (10%). The reported
duration of substance abuse varied, with a Mean+SD of
8.3843.16 years.

Table 1 indicates that the experimental group, which
received NA group therapy, exhibited a notable reduc-
tion in impulsivity scores (from 75.25 to 62.14) and an
increase in brain-behavioral systems scores (from 38.50
to 45.36) from the pre-test to the post-test. In contrast,
the control group, receiving methadone maintenance
treatment, showed minimal change in impulsivity (74.82
to 72.38) and brain-behavioral systems scores (37.93 to
38.72), suggesting that the NA intervention may have
contributed to greater improvements in these neurobe-
havioral outcomes.

Table 1. Descriptive statistics for impulsivity and brain-behavioral systems scores

Mean+SD
Variables Group
Pre-test Post-test
Experimental 75.25+8.45 62.14+7.16
Impulsivity
Control 74.8218.74 72.38+8.23
Experimental 38.50+5.68 45.36+4.97
Brain-behavioral systems
Control 37.9345.86 38.7215.51
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Table 2. ANCOVA results for post-test impulsivity and brain-behavioral systems scores

Variables SS df MS F P Partial n?
Impulsivity 1452.36 1 1452.36 18.45 0.001 0.33
Brain-behavioral systems 512.84 1 512.84 12.67 0.001 0.26

The normality of the data for both impulsivity and
brain-behavioral systems scores was assessed using
the Kolmogorov-Smirnov test. The results of this test
were non-significant for impulsivity (P=0.211) and for
brain-behavioral systems scores (P=0.182), indicating
that the data distribution did not significantly deviate
from normality. The homogeneity of variances between
the groups was examined using Levene’s test, which
yielded non-significant results for impulsivity (F=0.87,
P=0.360) and for brain-behavioral systems scores
(F=0.92, P=0.344), thus satisfying the assumption of
equal variances required for the subsequent ANCOVA.

The ANCOVA results, presented in Table 2, demon-
strate statistically significant differences between the
experimental and control groups in post-test impulsivity
(F=18.45, P<0.001, partial n>=0.33) and brain-behavior-
al systems scores (F=12.67, P=0.001, partial 1*=0.26),
after adjusting for pre-test scores. These findings indi-
cate that the NA group therapy was highly effective in
reducing impulsivity and enhancing brain-behavioral
systems functioning in the experimental group com-
pared to the control group receiving methadone mainte-
nance treatment.

Discussion

The present investigation sought to assess the effects
of participation in NA group therapy on decreasing im-
pulsivity and modulating brain-behavioral systems in
individuals diagnosed with SUDs. The findings of this
study provide compelling evidence for the effectiveness
of NA group therapy in improving key neurobehavioral
outcomes among individuals with SUDs. Specifically,
the results indicate a significant reduction in impulsivity
and a notable enhancement in brain-behavioral systems
functioning in the experimental group that received the
NA intervention compared to the control group receiv-
ing standard methadone maintenance treatment. These
improvements, observed after controlling for baseline
levels, suggest that participation in NA group therapy
exerts a positive influence on these critical psychologi-
cal constructs relevant to addiction and recovery.

The significant reduction in impulsivity observed in the
NA group aligns with a growing body of research high-
lighting the potential of psychosocial interventions in
modulating this multifaceted trait. Impulsivity, charac-
terized by difficulties in inhibiting urges and a tendency
towards immediate gratification, is a well-established
risk factor for substance use initiation, escalation, and
relapse (Ramsewak et al., 2020). Studies investigating
the impact of group-based therapies, such as cognitive
behavioral therapy and dialectical behavior therapy,
have also demonstrated reductions in impulsivity among
individuals with SUDs (Zamboni et al., 2021; Mhaidat et
al., 2023; Cavicchioli et al., 2023; Bilican et al., 2022).
The mechanisms through which NA group therapy
might contribute to decreased impulsivity could involve
the development of enhanced self-awareness through
shared experiences, the learning and internalization of
coping strategies for managing urges and high-risk situ-
ations discussed within the group, and the social support
network that fosters accountability and promotes more
thoughtful decision-making (Galanter et al., 2023). The
emphasis on reflection and personal inventory within the
12 steps of NA may also contribute to a greater under-
standing of impulsive tendencies and the development of
inhibitory control (Galanter et al., 2019).

Furthermore, the significant enhancement in brain-be-
havioral systems functioning observed in the NA group
suggests a positive impact on underlying motivational
and behavioral regulation processes. The brain-behav-
ioral systems, encompassing the behavioral approach
system and the behavioral inhibition system, play a cru-
cial role in reward processing and avoidance of punish-
ment (Rapuano et al., 2020). While the provided snippet
does not detail which specific aspects of the brain-be-
havioral systems were enhanced, improvements in over-
all brain-behavioral systems functioning could indicate a
healthier balance between reward-seeking and inhibitory
mechanisms. Research suggests that individuals with
SUDs often exhibit a sensitized behavioral approach
system, leading to heightened reward sensitivity towards
substances, and a blunted behavioral inhibition system,
impairing their ability to respond to negative conse-
quences (Abdollahi & Haghayegh, 2020). Through its
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emphasis on identifying and pursuing healthy, prosocial
activities and fostering a sense of belonging and purpose,
participation in NA may contribute to recalibrating the
reward system, shifting the focus away from substance-
related rewards. The supportive environment and shared
goals within NA groups could also strengthen inhibitory
control by promoting adherence to recovery-oriented be-
haviors and providing social reinforcement for abstinent
choices (Nash, 2020).

The observed improvements in both impulsivity and
brain-behavioral systems functioning underscore the
potential of NA group therapy as a valuable adjunct to
traditional substance use disorder treatments like metha-
done maintenance. While pharmacological interventions
like methadone address the physiological aspects of opi-
oid dependence, psychosocial interventions like NA can
target critical psychological and behavioral factors that
contribute to the maintenance of addiction and the risk
of relapse (Abdollahi & Haghayegh, 2020). Integrat-
ing mutual-help programs like NA into comprehensive
treatment plans can provide individuals with a holistic
approach to recovery, addressing both the physical and
the psychological dimensions of SUDs. This aligns with
recommendations for multi-modal treatment approaches
that combine pharmacological and behavioral thera-
pies to optimize outcomes for individuals with SUDs
(Galanter et al., 2023).

Conclusions

In summary, the results of this investigation demon-
strate that engagement in NA group therapy leads to
statistically significant improvements in both impulsiv-
ity and the functioning of the brain-behavioral systems
in individuals with SUDs. The significant reductions
in impulsivity and enhancements in behavioral system
function observed in the experimental group, when
contrasted with the control group receiving standard
methadone maintenance treatment, strongly indicate
that NA group therapy is an efficacious intervention for
strengthening self-regulatory abilities within this clini-
cal population. These findings have notable implications
for the incorporation of mutual-help programs such as
NA into comprehensive treatment strategies for SUDs,
potentially fostering improved recovery trajectories by
targeting critical neurocognitive dimensions associated
with addiction.

Despite the promising findings, this study has limita-
tions. Firstly, the quasi-experimental design, while al-

lowing for the evaluation of a real-world intervention,
does not permit definitive causal inferences due to the
lack of full randomization. Although statistically con-
trolled for, potential pre-existing differences between the
experimental and control groups cannot be entirely ruled
out. Future research employing randomized controlled
trials would be beneficial to establish further the causal
effects of NA group therapy on impulsivity and brain-be-
havioral systems functioning. Secondly, the sample was
drawn from a single geographical location (Shahrekord,
Iran) and consisted exclusively of male participants. This
limits the generalizability of the findings to other popula-
tions, including females and individuals from different
cultural and geographical contexts. Future studies should
aim to include more diverse samples to enhance the ex-
ternal validity of these results. Thirdly, the study relied
on self-report measures for both impulsivity and brain-
behavioral systems. While validated, self-report mea-
sures are susceptible to biases such as social desirability,
which could potentially influence the reported outcomes.
Future research could benefit from incorporating objec-
tive behavioral measures or neurophysiological assess-
ments to corroborate these findings. Finally, the specific
content and intensity of the “standard methadone main-
tenance treatment” received by the control group were
not detailed, which could introduce variability in the
control condition and limit the precise interpretation of
comparative effectiveness.
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fits. Participants were assured of their right to withdraw
from the study at any time without consequences to their
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using unique participant codes to protect confidentiality,
and all study materials were stored securely in compli-
ance with institutional data protection policies.
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