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ABSTRACT

Cogpnitive impulsivity manifesting in impaired inhibitory control and decision-making impulsivity
is observed both in alcohol-dependent and substance-dependent individuals and may affect the ability to maintain
long-term (persistent) remission.

To evaluate the effects of cognitive parameters of impulsivity on the duration of remission in alcohol-dependent
patients.

The study included 83 patients with alcohol dependence and 51 mentally healthy study subjects as the
control group. The distribution of patients by duration of remission was based on the DSM-5 criteria. Patients were
divided into two groups according to the duration of their most recent remission: patients with early remission (n=48)
and patients with sustained remission (n=35). Impulsivity was assessed using the Go/No-Go task, which included
a response inhibition component (inhibitory control). Choice impulsivity was assessed using two cognitive tests that
encompass its separate components: decision-making under risk (Cambridge Gambling Task, CGT), and decision making
under uncertainty (lowa Gambling Task, IGT).

The study groups (patients and the controls) differed significantly in all domains of impulsivity: decision making
under risk [GT: decision making quality (H(2, N=134)=30.233, p <0.001) and decision-making time (H(2, N=134)=18.433,
p <0.001)] and decision making under uncertainty [IGT: selecting cards from “losing” decks (H(2, N=134)=9.291, p=0.009)].
The group of patients with sustained alcohol remission was characterized by longer decision times in CGT compared
to the group of patients with early remission (z=2.398, p=0.049). Decision quality in CGT (z=0.673, p=0.999) and IGT
scores (z=1.202, p=0.687) were not statistically significantly different between the groups of patients with sustained
and early remission from alcohol dependence. The assessment of impulsive actions showed that the study groups
were significantly different in terms of their ability to suppress their dominant behavioral response when performing
the GNG task [false presses when seeing the “No-Go” signal (H(2, N=134)=28.851, p <0.001)]. The group of patients in
sustained remission from alcohol dependence was characterized by better suppression of the behavioral response
to the “No-Go”" signal relative to the patients in early remission [H(2, N=134)=2.743, p=0.044)]. The regression analysis
showed that the decision-making quality (t=2.507, p=0.049) and decision-making time (t=3.237, p=0.031) and the number
of false presses when seeing the “No-Go" signal in the GNC task had a statistically significant impact on the duration
of remission (t=3.091, p=0.043).
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The results of this study indicate that impaired decision-making processes and the ability to inhibit
the dominant behavioral response have a significant impact on the ability of alcohol-dependent patients to maintain
long-term remission.

AHHOTALNA

KOorHUTVBHasa MAYNbCUBHOCTb, MPOSABASOLLASACSH B UMMY/IbCUBHOCTY MPUHSATAS peLLUeHNA 1 HapyLLeHUN
WHIMOUTOPHOIO KOHTPOAS, OTMEYaeTcs KakK Y AL, CKAOHHBIX K 310ynoTpebneHnto ankoronem, Tak u y 60abHbIX
C 3aBMCMMOCTLHO OT askorofifl U ApYrnx NCUXO0AKTUBHbBIX BELLECTB, M MOXET B/IMATbL Ha CNOCOBHOCTb MNOAAepXMBaTb
ANNTENbHYHO (CTOMKYH) PEMUCCUIO.

OueHNTb BAUSIHME KOTHUTUBHbIX rokasarenew MMNYNbCNBHOCTU Ha MPOAO/DKUTENIbBHOCTb PEMUNCCNN 60/1bHbIX
aIKOr0JIbHOW 3aBMCUMOCTbHO.

B nccnegoBaHmm NpyHANKM yyacTne 83 naLyeHTa C ankorobHOM 3aBUCUMOCTLIO 1 51 NCUXNYECKU 340pOBbIN
MCMbITYeMblli B KayecTBe rpynnbl KOHTPOAS. PacnpejeneHne naumeHToB No ANTeNbHOCTU PEMUCCUM BbIN0 OCHOBAHO
Ha kpuTepuax DSM-5. MauneHTbl 6bI1M pasgeneHbl Ha ABe rpynnbl B 3aBUCUMOCTU OT AJNTENbHOCTY MOC/efHei
pemMuccum: NaLmeHTbl C HeyCToMUMBOI peMuccrein (n=48) 1 naumeHTbl C yCTOMYMBOM peMmumccnein (n=35). iMnyibcrBHOe
JencTBMe OLEeHNBaANoCh C MOMOLLH0 3aga4m Go/No-Go, KOoTopas 0XxBaTblBaeT KOMMNOHEHT TOPMOXEHUS peakLmm
(MLHFMBUTOPHBIN KOHTPOL). OLeHKa MMMYALCUBHOCTY BbI6OPa MPOBOAMNACE C MOMOLLbHO ABYX KOFHUTUBHbIX TECTOB,
KOTOpble OXBaTbIBAOT ee OTAe/IbHbIe KOMMOHEHTHI: MPUHATME PeLLeHN B yCIoBUsX pucka (Kembpuackas nrposas
3agava, CGT), n NpUHATME peLLeHniA B YCN0BUSIX HeomnpeaeeHHOCTY (UrpoBasi 3aga4a Anosa, IGT).

WcenegyeMble rpynnbl (MaLMeHThbl 1 KOHTPOJIb) UMeN 3HaunTe IbHble pasinyms rno Bcem JoMeHaMm
MMMY/IbCMBHOTO BbIGOPA: MPUHATVE peLLeHUi B ycnoBusax pucka [CGT: KauecTBo NpuHATUSA pelueHnid (H(2, N=134)=30,233,
p <0,001) n Bpemst NpuHaTUS pelueHnia (H(2, N=134)=18,433, p <0,001)] n np1HSATVE peLLeHWNA B YCNOBUAX HeoNpeaeneHHOCTU
[IGT: BI6GOP KapT U3 «MPOUTPbILLHBIX» konog (H(2, N=134)=9,291, p=0,009)]. [pynna naum1eHToB C yCTONYMNBOW asKOrobHOW
pemuccreit xapakTepm3soBanacs 60/bLLMM BpeMeHeM NpuHATUS pelteHnii B CGT No CpaBHEHWIO C Fpynmnoii NaumeHToB
C HeyCToM4MBOW pemuccmeri (z=2,398, p=0,049). KauectBo NpuHATUSA pelueHnii B CGT (z=0,673, p=0,999) 1 pesynbTaThbl
IGT (z=1,202, p=0,687) mexay rpynnamMm nauMeHToB C YCTONUYMBOW 1 HEYCTONYMBOIW anKOronbHOW peMuccmei
CTaTUCTUYECKMN 3HAYMMO He pas3nyanucs. MNpu oLeHke MMNYNbLCUBHOMO AeCTBUS 06HaPYXeHO, YTo ncciegyemsle
rPynMbl 3HaYNTENBHO Pa3NNYaNNCh MO CBOEN CMOCOBHOCTM NOAABAATEL AOMUHMPYOLLYIO MOBEAEHUYECKYHO peakLio npu
BbINOSHeHUN 3aaa4n GNG [10XHble HaxaTuns npu curHane «No-Go» (H(2, N=134)=28,851, p <0,001)]. F'pynna naumneHToB
C YCTOMYMBOW afIKOrONbLHOWN peMmnccren xapakTepmsoBanack yyllnM NojaBaeHemM nosejeH4Yeckon peakumm Ha
curHan «No-Go» OTHOCUTENIbHO MaLUMeHTOB C HeycTonunBon pemuccneit [H(2, N=134)=2,743, p=0,044]. Pe3ynbTaThbl
perpeccMoHHOro aHams3a nokasasu, YTo KauecTBO NPUHATUS pelleHuia (t=2,507, p=0,049), BpeMsa NpUHATUA peLLeHnti
(t=3,237, p=0,031) 1 KOANYECTBO NOXHbIX HaXaTU Npu nosiBneHUn cnrHana «No-Go» B 3agade GNG okasbiBanm
CTaTUCTUYECKM 3HAUNMOE BANAHME Ha NPOAO/IKNTENIBHOCTL PEMUCCUN Y NMauueHToB (t=3,091, p=0,043).

Pe3yanaTb| ncanefoBaHUA NoKasblBakoT, YTO HapyLLeHme nNpoLecCcoB NPUHATUA pELlJeHI/IIZ 1 CNocobHOCTU
NoAaBMATb JOMUNHMPYHOLLYHO NoBeAEHYECKYHO peaKU M OKasblBakoT CyLLleCTBEHHOE BAAHME Ha CNMOCoBHOCTb 60/1bHbIX
aJIKOroim3Mom nogaep>XXmeatb AINTEIbHYHO PEMUNCCAIO.



INTRODUCTION

Alcohol dependence is a chronic, often relapsing psychiatric
disorder associated with specific changes in brain function
[1, 2]. An imbalance between reward-related decision-
making and executive control processes is thought to be
the key component of addiction [3]. Impaired inhibitory
control, as one of the most important domains of executive
functioning, and decision-making impulsivity are observed
both in alcohol-dependent and substance-dependent
individuals [4-6] and may affect the ability to maintain
long-term (persistent) remission [6, 7].

Cognitive impulsivity is a complex and multilevel process
that is associated with a willingness to make quick, ill-
considered choices and involves a reduced willingness to
tolerate delay in satisfying a desire. Cognitive impulsivity
implies the presence of difficulties related to self-control
in choosing out of two or more alternative options [8].
Thus, a cognitive impulsivity model includes two domains:
impulsive choice and impulsive action.

Impulsive choice is driven by impulsive decision-making
related to rewards, high risk, and a preference for smaller
immediate rewards over larger but delayed rewards [9].
To assess the choice impulsivity, computerized gambling
tasks are used, such as the lowa Gambling Task (IGT) [10],
which evaluates decision-making under uncertainty, and
the Cambridge Gambling Task (CGT) [11], which evaluates
decision-making under risk. Evidence suggests that
although impulsive choice tasks measure time-anchored
decision-making ability, different tasks include different
domains of the cognitive function [12].

Impulsive action is associated with deficits in the inhibition
of the rapid response to a stimulus [13]. It is typically
measured using Stop-Signal Tasks (SST) [14], which involve
the cancellation of an already initiated motor response
(i.e., action cancelation), and/or a Go/No-Go (GNG) task [15],
which requires the suppression of a dominant behavioral
response (i.e., action inhibition). Most of the known studies
have used the SST and GNG tasks as interchangeable
alternatives that measure the same latent process (i.e.,
response inhibition).

Impulsive choice and impulsive action are among the
most prominent and common cognitive impairments in
alcohol-dependent individuals. Multiple studies show that
alcohol dependence is characterized by inhibitory control
deficits [16, 17] and an impaired decision-making ability [18,
19]. In addition, cognitive impairment is often associated
with poor treatment outcomes [6, 17, 20].

Study hypothesis: based on the above, we hypothesize
that cognitive impulsivity may hinder the achievement of
long-term (persistent) therapeutic remission in patients
with alcohol dependence.

The aim of the study is to evaluate the effects of cognitive
parameters of impulsivity on the duration of remission in
alcohol-dependent patients.

METHODS

This is an observational cross-sectional naturalistic study.

The study was conducted in compliance with the principles
of the 1964 Declaration of Helsinki as amended between
1975 and 2013 and was approved by the local Bioethics
Committee at the Mental Health Research Institute of the
Tomsk National Research Medical Center of the Russian
Academy of Sciences. All study subjects, as well as individuals
from the control group, gave their written informed consent
for participation in the study and the processing of their
personal data.

Patients were selected from the 24-hour inpatient clinic
of the Mental Health Research Institute of the Tomsk
National Research Medical Center of the Russian Academy
of Sciences. The study included 83 patients: 66 males
and 17 females (median age and interquartile range
Me [Q1; Q3]=45 [40; 52] years) with the following clinical
diagnosis: mental and behavioral disorders due to the abuse
of alcohol and dependence syndrome (F10.2 according to
ICD-10 criteria). The study (interviewing) of the patients was
conducted on days 3-5 after hospital admission (for the
purpose of management of alcohol withdrawal syndrome,
psychological interventions, and rehabilitation) after
detoxification.

Inclusion criteria: a diagnosis of alcohol dependence
according to ICD-10, voluntary consent to participate in
the study, and age of 20-60 years.

Exclusion criteria: refusal to participate in the study,
dementia, mental retardation, head injuries with loss of
consciousness for more than 30 minutes, and use of drugs
affecting impulsivity (i.e., antipsychotics, antidepressants,
benzodiazepines).

The diagnosis of the current mental state was made
by psychiatrists using the clinical method and the ICD-10



diagnostic criteria. In addition, a questionnaire specially
designed for this study was used. It included information
on the age of the first alcohol try, the age of the beginning
of alcohol abuse, the number of hospitalizations in drug
addiction facilities, the duration of the disease, and the
duration of the last intermission.

Also, the following socio-demographic information was
collected: age, gender, and level of education.

Patients were divided into two groups: with a history of
sustained and early remission from alcohol dependence
prior to the current exacerbation of the disease. The
attribution of patients to groups by duration of remission
was based on the DSM-5 criteria. In the DSM-5 (2013),
there is a “Alcohol use disorder” class that includes early
remission, when no evidence of alcohol use is noted for
at least 3 months (but less than 12 months) and sustained
remission with no evidence of the disorder for 12 months
or longer [21].

The control group included 51 mentally healthy subjects
(37 males and 14 females aged Me [Q1; Q3]=43 [39; 49]
years). Subjects were recruited from among the staff of
the Tomsk National Research Medical Center of the RAS
(researchers, physicians, nurses, administrative staff,
auxiliary personnel).

Inclusion criteria: voluntary consent to participate in the
study and age of 20-60 years.

Exclusion criteria: refusal to participate in the study,
dementia, mental retardation, head injuries with loss of
consciousness for more than 30 minutes, and use of drugs
affecting impulsivity (i.e., antipsychotics, antidepressants,
benzodiazepines). To assess alcohol use, all participants in
the control group were asked to complete the Alcohol Use
Disorders Identification Test (AUDIT) scale in the Russian-
language adaptation of the scale (RUS-AUDIT) [22]. The sum
of AUDIT scores in the control group ranged from 0 to 7,
corresponding to a low level of risk for problems due to
alcohol use. Additionally, the subjects in the control group
were examined by psychiatrists; history of mental illnesses
and somatic disorders, as well as socio-demographic data
(age, gender, education level), was collected.

All subjects from the patient and control groups were
assessed for impulsive actions and impulsive choices.

Impulsivity was assessed using a neurocognitive GNG
task [23], which included a response inhibition component
(i.e. automatic inhibition or inhibitory control).

A GNG task is a computer-based assessment of response
suppression. In this version of the test, subjects were asked
to press a button when a green oval appeared on the
screen “Go” and not to press it when a red oval appeared
“No-Go". Stimuli (ovals) were presented in random order.
The stimulus presentation time was 500 ms, and the
inter-stimulus interval was 800 ms. There were 60 stimuli
in total: 30 were “Go” and 30 were “No-Go". The output
data included the number of errors — false presses when
seeing the “No-Go" signal reflecting an incorrect response
to a nontarget stimulus as a primary indicator of response
disinhibition and impulsive action.

Choice impulsivity was assessed using two cognitive tests
that encompass its separate components: decision-making
under risk and decision-making under uncertainty.

The Cambridge Gambling Task [24] is a computerized
test that allows one to evaluate various aspects of the
decision-making process under risk. In this version of
the test, subjects had to guess whether the token was
hidden in the red or blue boxes (there were 10 boxes in
total, and the red and blue boxes could be represented
in various ratios from 5:5 to 9:1) and then bet (from a set
of four predetermined amounts: 5, 25, 50, or 75 points)
on the accuracy of their decision. If the guess was correct,
the subject was credited with the selected number of
points; if incorrect, that number of points was deducted.
The subjects had a total of 10 attempts. During the test,
the quality of decision-making (percentage of logically
correct answers based on the ratio of red and blue
boxes) and average decision-making time in seconds were
analyzed.

The lowa Gambling Task [25] is a psychological task
aimed at assessing decision making based on emotional
learning under uncertainty. In the IGT version used, the
participant is asked to choose cards from any deck out
of four decks on the screen. Two decks contain high-risk
cards. They give high points (100 points each) but also rare
large penalties (250 to 500 points), the result is losing in
the long run when choosing predominantly these cards.
The other two decks give small points (50 points each), but
also small penalties (50 points each), resulting in a win in
the long term if you choose predominantly these cards.
The analysis of the results of performing this task included
the number of selected cards from “high” risk (“losing”)
decks out of 100 possible choices.



Statistical analysis was performed using the Statistica 12
software package (StatSoft). The minimum sample size was
determined using the method of K.A. Otdelnova [26] for
a significance level of p=0.05. The normal distribution of
data was verified using the Shapiro-Wilk test. The obtained
data were not normally distributed. Qualitative data are
presented by frequency parameters in absolute and
relative units, n (%). Quantitative variables are presented as
amedian and interquartile range Me [Q1; Q3]. The subjects
were divided into three groups for statistical data analysis:
a group of patients with alcohol dependence and early
remission; a group of patients with alcohol dependence
and sustained remission; and a control group. The Kruskall-
Wallis (ANOVA) with Dunn'’s test for a posteriori pairwise
comparison procedure was used to assess differences
between all three groups in terms of sociodemographic
parameters and cognitive test scores. The Mann-Whitney
test was used to compare clinical data between the two
patient groups. The x? test was used to compare frequencies.
We also conducted a linear regression analysis to assess
the effect of selected quantitative measures of cognitive
impulsivity on the remission duration in alcohol-dependent
patients. The differences were considered statistically
significant at p <0.05.

Parameter el
(n=51)
Age (years), Me [Q1; Q3] 43 [39; 49]

Sex, n (%) male 37 (72.5%)

Higher education 33 (64.7%)

Education level, n (%) College education 11 (21.6%)

High school 7 (13.7%)

Alcohol-dependent patients

RESULTS

A total of 134 subjects were enrolled in the study. The
control group included 51 healthy volunteers. Patients
with alcohol dependence were divided into two groups
depending on the duration of their last remission (before
this hospital admission) according to DSM-5 criteria.
The group of patients with early remission (3 to 12 months
of abstinence from alcohol) included 48 patients with a
duration of remission Me [Q1; Q3]=6 [3; 10] months. The
group of patients with sustained remission (more than
12 months of abstinence from alcohol) included 35
patients with a duration of remission Me [Q1; Q3]=30
[18; 60] months. The patient and control groups were
well balanced in terms of sociodemographic variables
(Table 1). There were no differences that were statistically
significant in terms of age [H(2, N=134)=3.717, p=0.155],
sex [x32, N=134)=0.871, p=0.647], or education level
[X2(4, N=134)=2.972, p=0.562].

The Table 2 shows the analysis of differences in alcohol
consumption characteristics between patients with alcohol
dependence with early and sustained remission revealed
significant intergroup differences only in terms of the
duration of remission (U=1861, p <0.001).

Alcohol-dependent patients
with early remission

Alcohol-dependent patients
with sustained remission

(n=48) (n=35)

45 [39; 52] 47 [43; 51]
38 (79.2%) 28 (80%)
23 (47.9%) 19 (54.3%)
15 (31.3%) 9 (25.7%)
10 (20.8%) 7 (20%)

Alcohol-dependent patients

Parameter with early remission with sustained remission U P
(n=48) (n=35)

Age of the first try of alcohol (years) 16 [15; 18] 16 [16; 17] 531 0.984

Age of the start of alcohol abuse (years) 25 [20; 35] 26 [22; 35] 514 0.813

Number of hospitalizations 21[1;4] 2[2; 3] 799 0.999

Duration of the disease (years) 17 [11; 21] 18 [12; 24] 652 0.183

Duration of the last remission (months) 6 [3; 10] 30[18; 60] 1861 <0.001



Parameter el
(n=51)

Decision-making quality (% 90 [80; 100
Cambridge Ed y (%) . ]
Gambling Task . . .

Decision-making time (s) 3[2.8; 3.3]
Selection of cards from “losing” decks in the lowa .
Gambling Task (n) SEL s
Go/No-Go task False presses when seeing 01[0: 1]

the “No-Go" signal (n)

The statistical data analysis between the patient and
control groups in choice impulsivity assessment tasks (CGT,
IGT) showed that the study groups differed significantly
in all impulsive choice domains (Table 3). An additional
post hoc analysis (Dunn's test) for pairwise comparisons
showed that all study groups compared with each other.
It was revealed that the control group, compared with
patients with sustained remission, was characterized by
better decision-making, both under risk (CGT), quality of
decision-making (z=3.882, p <0.001), and decision-making
time (z=4.281, p <0.001), and under uncertainty (IGT):
choosing cards from “losing” decks (z=2.953, p=0.009).
At the same time, when comparing the control group
with patients with early remission, statistically significant
differences were revealed in the CGT only in terms of
decision-making quality (z=5.038, p <0.001) and the IGT
[choosing cards from “losing” decks (z=2.085, p=0.018)].
The comparison between the decision-making time in
the CGT for the control group and the patients with early
remission showed no statistically significant differences
(z=1.941, p=0.156).

The group of patients with sustained remission from
alcohol dependence was characterized by longer decision-
making times in the CGT compared to the group of patients
with early remission (z=2.398, p=0.049). The comparison of
the decision-making quality in the CGT (z=0.673, p=0.999)
and choosing cards from “losing” decks in the IGT (z=1.202,
p=0.687) between the groups of patients with sustained
and early remission from alcohol dependence showed no
statistically significant differences.

The assessment of intergroup differences in the impulsive
action task (GNG task) also showed that the study groups
were significantly different in terms of their ability to

Alcohol-dependent
patients with early

Alcohol-dependent
patients with

remission sustained remission p
(n=48) (n=35)

60 [50; 70] 60 [50; 80] 30.233 | <0.001
3.5[2.8; 4.6] 4.43.6; 5.3] 18.433 | <0.001
53[51; 61] 55 [52; 63] 9.291 0.009
3[2; 4] 21[1;3] 28.851 <0.001

suppress the dominant behavioral response (pressing the
button falsely at the “No-Go" signal). A post hoc analysis
using the Dunn'’s test showed that the control group had
better suppression of their behavioral response to the
“No-Go" signal compared with both groups of patients
[when compared with the group of patients with sustained
remission (z=4.111, p <0.001), and when compared with the
group of patients with early remission (z=4.297, p <0.001),
respectively].

On the other hand, the group of patients with
sustained remission from alcohol dependence displayed
better suppression of their behavioral response to the
“No-Go" signal relative to the patients in early remission
(z=2.743, p=0.044).

To determine the effects of various domains of cognitive
impulsivity on the duration of remission in alcohol-
dependent patients, a series of separate regressions were
performed, where the choice impulsivity parameters were
used as independent variables: (1) decision-making under
risk (CGT: decision quality, decision time); (2) decision-
making under uncertainty (IGT: the number of cards
selected from the “high” risk decks) and impulsive action;
and (3) the ability to successfully suppress a dominant
behavioral response in a GNG task.

The first model obtained based on decision-making
under risk (CGT) turned out to be statistically significant
[F (2.42)=4.999, p=0.031]. R>=0.331, indicating that decision-
making quality and decision-making time explained
approximately 33% of the variability in remission duration.
The predictors of remission duration were statistically



significant: both decision-making quality (t=2.507, p=0.049),
and decision-making time (t=3.237, p=0.031). The equation
is as follows: remission duration = 0.191 x decision-making
quality + 6.155 x decision-making time — 10.558.

The second model based on decision-making under
uncertainty (IGT) was found to be statistically insignificant
[F(1.43)=0.479, p=0.492]. R*=0.011, which indicates that the
number of selected cards from “high” decks in the IGT
explains only about 1% of the variability in the duration of
remission. The number of cards selected from “high” risk
decks in the IGT did not significantly affect the duration of
remission (t=0.692, p=0.492). The equation is as follows:
duration of remission =10.858 + 0.202 x number of selected
cards from “high"” risk decks.

Finally, the third model, which used the ability to
successfully inhibit the dominant behavioral response
as a predictor, was statistically significant [F(1.81)=4.315,
p=0.043]. R?=0.271, indicating that the number of false
presses when seeing the “No-Go” signal in the GNG task
was associated with approximately 27% of the variability
in remission duration. The number of false presses when
seeing the “No-Go" signal in the GNG task had a statistically
significant impact on the duration of remission (t=3.091,
p=0.043). The equation is as follows: remission duration =
17.491 - 1.285 x number of false presses when seeing the
“No-Go" signal.

DISCUSSION

The goal of this study was to evaluate the effects of the
cognitive parameters of impulsivity on the duration of
remission in alcohol-dependent patients. The study showed
that decision-making under risk (decision-making quality
and time) and the ability to successfully suppress the
dominant behavioral response influenced the duration
of remission in alcohol-dependent patients.

The evaluation of choice impulsivity showed that longer
remission was associated with better decision-making
under risk; however, decision-making under uncertainty
did not affect the duration of remission. These results
suggest that the tendency to make choices prematurely
(decision-making time) and irrationally (decision-making
quality) without anticipating possible negative consequences
may serve as a factor of disruption in alcohol-dependent
patients. The obtained data are consistent with previous

studies that reported a similar trend in samples of alcohol-
dependent patients with early and long-term remission
[27, 28].

The obtained data also showed that both groups of
patients with alcohol dependence demonstrated poor
decision-making under both risk and uncertainty compared
with participants from the control group. These results
are consistent with previous studies and support the
assumption that the decision-making process is impaired
in alcohol dependent patients [6, 29]. In addition, there
were intergroup differences in decision-making under
risk between patients with sustained and early remission:
patients with early remission from alcohol dependence
had shorter decision-making time; i.e., they tended to
make a choice prematurely.

Thus, the results of the study indicate that there is an
association between impulsive choice and the duration of
remission in alcohol-dependent patients. This is consistent
with the results of neuroimaging tests demonstrating
persistent structural and functional abnormalities of
the orbitofrontal cortex and function in various types
of addiction involved in impulsive choice tasks [30, 31].
These studies also show that long-term toxic exposure
to a variety of psychoactive substances (including alcohol)
leads to changes in brain functioning that may underlie
the maladaptive behaviors and disadvantageous decisions
that characterize the daily lives of people with alcohol
dependence. However, impaired decision-making can
also be seen as a risk factor that may explain the tendency
of substance users to continue their behavior despite
negative long-term consequences. In this context, the
differences in decision-making under risk (decision time)
between patients with sustained and early remission from
alcohol dependence in this study may reflect the stable
premorbid cognitive characteristics of people who are
able to successfully maintain long remission. Accordingly,
patients who are able to abstain from alcohol for extended
periods of time may be characterized by an unchanged
or more adaptive decision-making process, which in turn
may explain their ability to successfully maintain long-
term abstinence.

The results obtained in the area of impulsive actions
indicate that regardless of the duration of remission,
alcohol-dependent patients showed a reduced ability to



inhibit their dominant motor response (i.e., the dominant
behavioral response) compared to the control group.

The observed differences in the effectiveness of motor
response suppression between members of the control
group and alcohol-dependent patients are consistent
with other studies [32, 33]. It is also important to note
that according to the regression analysis, the ability to
suppress the dominant behavioral response is a factor
that influences the duration of remission. Thus, the results
of the study indicate that there is an association between
impulsive choice and the duration of remission in alcohol-
dependent patients.

The observed differences in the GNG task success
between groups of patients with different durations of
remission from alcohol dependence may also reflect
premorbid cognitive features underlying their ability to
maintain long-term abstinence from alcohol.

The main strength and main practical result of this study
is the demonstration of significant relationships between
cognitive impulsivity parameters and the duration of
remission in alcohol-dependent patients. The study results
emphasize the potential impact of impulsive choices
and impulsive actions on patients’ ability to maintain
long-term (persistent) remission. Further study of the
cognitive domains of impulsivity in relation to clinical-
dynamic variables offers hope for the development of
more personalized and person-centered approaches in
the psychiatric rehabilitation of individuals with alcohol
dependence.

The present study has a number of limitations that
need to be considered when interpreting the data. First,
the patients’ acute condition after heavy drinking could
affect the results of cognitive tests. This, in turn, could
lead to asthenia, more formal task performance, which
could ultimately result in their being different from the
control group. Second, this study did not take into account
additional cognitive and affective processes that could
have influenced or mediated the impulsive choices and
impulsive actions in alcohol-dependent patients. Future
research should include the assessment of additional
cognitive functions such as working memory, attention, and
the emotional processes known to affect the performance
of tasks involving impulsive choices and impulsive actions.
Third, a cross-sectional study design limits our knowledge
of the effects of the individual neurocognitive aspects

of impulsivity on the duration of remission. In addition,
the duration of remission was assessed retrospectively
(based on the patient’s history). Our results may not
reflect the potential changes associated with recovery
of the decision-making ability and inhibition of reactions
during abstinence, but rather reflect the specific premorbid
characteristics of individuals who are able to successfully
maintain long-term remission. Fourth, this study did not
include a comprehensive assessment of the concomitant
psychiatric disorders that often co-occur with alcohol
dependence, such as mood disorders, anxiety disorders,
and personality disorders. Future studies could assess
the impact of other psychiatric disorders on cognitive
impulsivity in patients with alcohol dependence more
thoroughly. Another limitation of this study is the lack
of control for the the different therapeutic interventions
effects on cognitive impulsivity parameters. Given that
most of the patients enrolled in the study had been treated
during previous hospitalizations, these treatment programs
may have had some impact on their neurocognitive
functioning. Therefore, future studies should further
investigate the effects of different pharmacologic and
non-pharmacologic interventions on selected domains of
cognitive impulsivity in patients with different durations
of remission. Finally, the group of patients with sustained
remission was very heterogeneous in terms of the duration
of abstinence: abstinence periods ranged from 12 months
to 5years. Future studies should collect data in relatively
more homogeneous groups of patients abstaining from
alcohol that reflect different stages of recovery process
(e.g., 1-2 years of abstinence, 2-3 years of abstinence, etc.).

CONCLUSION

Thus, the study showed that impaired decision-making
processes and the ability to inhibit the dominant behavioral
response had a significantimpact on the ability of alcohol-
dependent patients to maintain long-term remission.
Consistent with previous studies, the current findings
highlight the growing need to develop new personalized
cognitive rehabilitation programs for alcohol-dependent
patients at various stages of remission. The development of
personalized therapeutic interventions aimed at correcting
impaired cognitive functioning, specifically cognitive
impulsivity, may have broad practical implications for the
rehabilitation of patients with alcohol dependence and
may help to address some of the limitations of traditional
therapeutic approaches.
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