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ABSTRACT

Aim. To study neurophysiological correlates of inhibitory control to determine the features of inhibition processes
in alcohol dependence.

Materials and methods. 77 patients with alcohol dependence were examined (42 men and 35 women) (F10.
2 according to ICD-10). Patients were examined using a test to assess inhibitory control — Go / No — Go. According
to the task performance, patients were divided into two groups: group 1 — without inhibitory control impairments,
group 2 — with impaired inhibitory control. During execution of test, electroencephalogram recordings were
made according to the “10-20” system. The values of spectral power and coherence of 0-, a- and B-rhythms were
analyzed. Statistical processing was carried out using nonparametric Mann — Whitney U-test and Wilcoxon W-test.

Results. In patients with impaired inhibitory control, there was a decrease in the spectral power of the a-rhythm
in the frontal cortex (p = 0.003), whereas in patients without inhibitory control disorders — in the Central cortex
(p = 0.036). Patients with impaired inhibitory control responded by increasing -power to cognitive stimulus in
the occipital (p = 0.014), left temporal (»p = 0.009) and right temporal (p = 0.008) cortex, while patients without
inhibitory control disorders showed an increase in B-power only in the occipital (p = 0.007) and left temporal
(»=0.002) cortex. According to coherence data, patients with impaired inhibitory control have greater involvement
of brain structures during the “Go/No—go” test in all frequency ranges.

Conclusion. Patients with and without impaired inhibitory control have regional differences in changes in brain
bioelectric activity during the “Go/No—go” test.
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Oco6eHHOCTU MO3roBOM aKTUBHOCTU NMPU a/IKOr0/IbHOM 3aBUCUMOCTH
B 3a/,a4€ Ha UHFTMBUTOPHBII KOHTPO/Ib

Fankunu C.A.", MewkoBckana A.l'.", PowuHa O.B.', Kuceno H..', UBaHoBa C.A."2,
boxaxn H.A."2

I Hayuno-uccredosamenvcxutl uncmumym (HHH) ncuxuuecko2o 300pogvs, TomcKkuil HAYyuoHa bHblil
uccredosamenvcxul meouyurckul yenmp (HUML]) Poccutickoil akademuu HayK
Poccus, 634014, Tomck, yn. Aneymckas, 4

2 Cubupcruil 2ocyoapcmeennwlit meouyurnckutl ynugepcumem (Cubl MY)
Poccus, 634050, Tomck, Mockosckuti mpakm, 2

PE3IOME

Henb: m3yanTs HEHPODU3HOIOTHIECKHE KOPPEIATH HHTHONTOPHOTO KOHTPOIIS IS ONpeeTIeH s 0COOeHHOCTEeH
MPOIECCOB TOPMOKEHUSI IIPH ATKOTOJIFHOH 3aBHCHMOCTH.

Marepuajbl 1 MeTobl. O0cinenoBanbl 77 nauueHToB (42 My)X4HHBI M 35 )KSHIIUH) C aJIKOrOJbHON 3aBHCHUMO-
ctpio (F10.2 mo MKB-10). IMTauuenTsr 00ciie1oBaHbl ¢ IOMOLIBIO TECTa AJIsl OLEHKH HHTHOMTOPHOTO KOHTPOJIS —
Go / No — go. ITo pe3ynbTaTaM 3TOro TecTa IHalMeHThl ObUIN pa3zielieHbl Ha ABE IPyNIbl: rpymnna | — 6e3 Hapyuie-
HMSl HHTHOUTOPHOTO KOHTPOJIS, TPyMNa 2 — ¢ HAPyLIEHUEM HHIMOUTOPHOTO KOHTpOIIs. Bo Bpems BbINOJIHEHNUS Te-
CTa NPOBOJMJIACH 3aIKCh dIeKTpodHLedanorpammsl 1o cucteme 10-20. AHaNN3UPOBAIKCh 3HAYCHHS CIIEKTPalIb-
HOM MOIIHOCTH M KOTepPEeHTHOCTH 6- a- u B-purmoB. CTaTncTHYecKas 00paboTKa IMPOBOJUIACE C IPHMEHEHHEM
HenapameTpudeckoro U-kpurepus Manna — Yutau u W-kpurepus Bunkokcona.

Pe3yabTaThl. Y manyeHToB ¢ HapyNIEHHBIM HHI'MOUTOPHBIM KOHTPOJIEM IPOUCXOUIIO CHIDKEHHUE CIIEKTPaIbHON
MOIITHOCTH O-pUTMa BO (PpOHTAIBHOI Kope rosioBHOro mosra (p = 0,003), Torna kak y malideHToB 0e3 Hapylie-
HHUI MHTUOUTOPHOTO KOHTPOJIS — B HEHTpalbHOH Kope (p = 0,036). [TarmeHTs! ¢ HapyImEeHHBIM HHIHOUTOPHBIM
KOHTPOJIEM pearnpoBay IOBBIIIEHHEM 3-MOIIHOCTH HAa KOTHUTUBHBIA CTUMYJI B 3aThU104HOH (p = 0,014), neBoit
BucouHoi (p = 0,009) u mpasoit BucouHoii (p = 0,008) kope, IpK 3TOM y MANNEHTOB Oe3 HApyIIEHUI HHIUOUTOP-
HOT'0 KOHTPOJII HaOJI0/IaNIOCh MOBBINICHHE -MOIIHOCTH TOJNBLKO B 3aThuioqHOM (p = 0,007) u neBOil BUCOYHOM
(» = 0,002) xope. [To TaHHBEIM KOT€PEHTHOCTHU Yy MAI[EHTOB C HAPYIIEHHEM HHIHOUTOPHOTO KOHTPOIIS HaOIro1a-
eTcst O0JIbIIast BOBJICUSHHOCTH MO3TOBBIX CTPYKTYP BO BpeMs BeIotHeHUsI TecTa Go / No — go Bo BceX YaCTOTHBIX
Jiana3oHax.

3akaouyenne. IlanueHTs! ¢ HapymeHneM W 0e3 HapyHIEHHWs WHTHOMTOPHOTO KOHTPOJIST UMEIOT PETHOHAIIBHEIC
pa3nu4Ms B M3MCHEHUSIX OMO3JIEKTPHYECKON aKTHBHOCTH TOJOBHOTO MO3ra B IIpoliecce BhIMoiTHeHus Tecta Go /
No — go.

KutroueBble €J10Ba: aJIKOTOJIBHASI 3aBUCUMOCTb, I/IHFI/I6I/ITOpHLIfI KOHTPOJIb, 3neKTp03Hue(ban0rpa¢)Hﬂ, JAUarHocTu-
Ka.

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOIMKanuel HaCTOSIMIEH CTaThH.

Hcrounuk ¢punaHcupoBanms. VccnenoBanue BHIIONIHEHO MpU NOAEpKKe AIMUHUCTpanul ToMcKoi obmactu
u rpanta POOU 19-413-703007.

CooTBeTcTBHE NMPUHIOMNAM 3THKH. Bce y4acTHUKM HCCIEIOBaHUS IOJIHCATIM MHGOPMHUPOBAHHOE COTJIACHE.
HccnenoBanue 000peHO JOKaIbHBIM dTHYecKM komutetoM HUU ncuxuueckoro 3mopoBbst Tomckoro HUMIT
(mpotoxkou Ne 114 ot 22.10.2018).

[ nurupoBanus: [ankun C.A., [Temkosckas A.I'., Pomuna O.B., Kucens H.U., ViBanoBa C.A., boxan H.A.
OCOOEHHOCTH MO3TOBOI AKTUBHOCTH IIPU AJIKOTOJIbHOM 3aBUCHMOCTH B 33J[a4e Ha MHTMOUTOPHBIN KOHTPOIIb. b0~
nemens cubupckoti meduyunslt. 2020; 19 (4): 38-45. https://doi.org/10.20538/1682-0363-2020-4-38-45.
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INTRODUCTION

Understanding the psychological and neural pro-
cesses that lead to alcohol-related disorders is an
urgent task in both health care and neuroscience [1,
2].Current research has linked the inability to abstain
from alcohol consumption, as well as maintain long-
term remission, with impaired cognitive functions that
regulate behavior, in particular, weakened executive
control [1, 3]. Inhibitory processes are important com-
ponents in controlling behavior [3]. Adaptive inhibi-
tory functioning reflects the ability to stop a potential
behavioral response to an external stimulus [4].

The Go/No-Go method is widely used for evaluat-
ing the processes of inhibition in higher-order execu-
tive functioning [5]. A number of studies have shown
a decrease in response inhibition in patients with alco-
hol use dependence (AUD) to the No-go signal [1, 6,
7]. It is believed that alcohol consumption affects both
the suppression of the response to the stimulus and its
processing, which leads to the actualization of an erro-
neous response (response error) to the No—go signal [6,
7]. However, some researchers found no differences in
the Go/No-Go task between patients with AUD and
moderate drinkers in healthy people [6, 8]. A number
of authors are inclined to believe that there is not al-
ways a deficit of inhibitory control in alcohol depen-
dence [3]. Thus, the question of violation of inhibitory
control in people with alcohol dependence is still open.

Recording and analyzing the bioelectric activi-
ty of the brain is one of the most accessible tools for
studying the neurophysiological foundations of men-
tal disorders [9, 10]. Spectral and coherent analysis of
the main rhythms of the electroencephalogram (EEG)
are the most widely used in research. It is believed
that changes in the spectral characteristics (amplitude,
power) of the EEG are associated with the neurotrans-
mitter systems restructuring in the CNS [11]. Coher-
ence of electrical signals is a quantitative indicator of
the synchronicity of involvement of various cortical
departments in any process [9].

The use of the method of assessing the bioelectric
activity of the brain in psychiatry and drug therapy
can expand the available data on the neurophysiolog-
ical profile of patients with alcohol use dependence.
However, despite the high availability and informa-
tive nature of EEG, studies of neurophysiological
correlates of inhibitory control disorders in AUD are
insufficient. Thus, the aim of our work was to study
the neurophysiological correlates of inhibitory control
to determine the features of inhibition processes in al-
cohol dependence.

MATERIALS AND METHODS

Materials. The study was conducted on the basis of
the Department of the clinic of the Mental Health Re-
search Institute (Department of addictive conditions)
Tomsk national research medical center of the Rus-
sian Academy of Sciences, according to the Protocol
approved by the local ethics Committee at the Mental
Health Research Institute (Protocol No. 114 of Octo-
ber 22, 2018).

We examined 77 patients (42 men, 35 women,
age 45 [38; 51] years) with a diagnosis of: mental
disorders and behavioral disorders associated with
substance use, alcohol dependence syndrome (F10. 2
according to ICD-10), after detoxification. Based on
the literature data on various profiles of electrophys-
iological indicators in right-handed and left-hand-
ed people, right-handers were selected for the study
group using a questionnaire of lateral characteristics.
Diagnostic evaluation and clinical qualification of the
disorder were performed using ICD-10 diagnostic cri-
teria, patient anamnestic data, and a set of standard-
ized psychometric tools. The inclusion criteria were
verified diagnosis of an addictive disorder (alcohol de-
pendence) according to ICD-10, voluntary consent to
participate in the study, normal or adjusted to normal
vision, and age 18-55 years. The exclusion criteria
were the presence of chronic somatic diseases in the
acute stage, epilepsy, severe organic brain damage,
traumatic brain injuries of any severity, mental retar-
dation, and refusal to participate in the study.

Methods. The Hamilton Anxiety Scale (HAM-A)
and the Clinical Global Impression Scale (CGI-S)
were used as psychometric tools. Data on the age of
AUD disease, education, the number of hospitaliza-
tions and the amount of alcohol consumption were
taken from the patient’s medical history.

The inhibitor control was evaluated using a com-
puterized Go/ No — go test (Fig. 1). Patients had to
press the button when a green signal appeared on the
computer screen (the Go signal) and not press the but-
ton when a red signal appeared (the No-go signal).
The signals were presented in random order. The time
of presentation of the signal was 500 ms, and the inter-
val between signals was 800 ms.

Recording and evaluation of bioelectric activi-
ty of the brain was performed on a 16-channel Neu-
ropoligraph EEG wusing the international system
“10-20” (Fig. 2). The cutoff frequencies of upper and
lower frequency filters were 30 and 1.5 Hz. The study
procedure included recording the background EEG at
rest with open eyes (1 min), after which the patients
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performed a “Go/No — Go” test with simultaneous
EEG registration. Artefact fragments were deleted
from the EEG recordings. The signals were processed
using fast Fourier transform, and the values of abso-
lute spectral power (mV?) and coherence for 6- (4—7
Hz), a- (8-13 Hz) and B- (14-30 Hz) rhythms were
analyzed.

Statistical analysis. Statistical data processing was
performed using the Statistica 10.0 program. Sta-
tistical data is presented in the form of Me [Q,; O.].

Verification of agreement with the normal distribution
law was performed using the Shapiro — Wilk test. The
obtained data did not follow the normal distribution
law. The nonparametric Mann — Whitney test was
used to evaluate differences between two independent
samples (group 1 vs. group 2) and the Wilcoxon test
to evaluate differences between two related samples
(rest EEG vs. EEG test). The differences were consid-
ered statistically significant at a significance level of
p<0.05.

Go
Gao
No - go
Go
BOD ms
BOD ms
£50 ms BOD m%
500 ms
— 500 ms
Z00 ms

—p

Fig. 1. “Go/No-Go” tes

Fig. 2. Scheme of EEG

RESULTS

According to the obtained data of the Go/No-Go
test, patients were divided into two groups: patients
who did not make mistakes on the No-go signal (group
1) and patients with errors on the No-go signal (group
2) (Table 1).

Table 1
Answers to the “Go/No — Go” test

Characteristic Group 1,n=30 | Group2,n=30| p
Number of errors per 10 [7; 13] 8 [3; 13] 0.092
Go signal

Number of errors per

No-go signal B 41371 B

Reaction time (ms) 461 [455; 498] | 489 [466; 500] | 0.015

Median [Q; Q.]; p — the level of statistical significance when
comparing groups using the Mann — Whitney criterion.

Patients from group 2 have fewer errors on the Go
signal compared to patients from group 1, but no sta-
tistically significant differences were found (p > 0.05).
However, patients in group 2 had statistically signifi-
cantly higher response times (p < 0.05).

Demographic and clinical characteristics of the
studied groups of patients are presented in Table 2.
There were no statistically significant differences in
gender, age, level of education, duration of the disease,
CGI-S scales (the average assessment of general health
after detoxification corresponds to the indicator “mo-
derate disorder”’) and HAM-A (symptoms of anxiety in
both groups) (p > 0.05). Compared with patients from
group 1 (without violation of inhibitory control), pa-
tients from group 2 showed a statistically significantly
higher number of hospitalizations over the entire me-
dical history (p = 0.024) and alcohol consumption
(days per week) over the past 6 months (p = 0.032).

Table 2
Demographic and clinical characteristics of patients
Characteristic Group 1 Group 2 p
Composition 18 men; 24 men; | 0.43;
12 women | 23 women. | 0.35
Age (years) 44 [39; 50] | 44 [36; 51] | 0.915

Education (years) 13[11;14] | 13[11;15] | 0.501

Duration of the disease (years) 10 [4; 13] 9[5;12] |0.119
Number of hospitalizations 1[1;2] 3[2;4] |0.024
Amount of alcohol consumption

in the last 6 months. (day per 2[1; 4] 4[2;4] 10.032
week)

CGI-S 414; 5] 414;5] |0.522
HAM-A 19 [10;25] | 19 [12; 23] | 0.702

Median [Q;; Q.,]; p — the level of statistical significance when
comparing groups using the Mann — Whitney criterion.
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According to the background values of spectral
power and coherence of a-, B- and 6-EEG rhythms,
patients with errors for the No-go inhibitor signal did
not differ significantly from patients without errors
(p>0.05). We were able to divide patients qualitative-
ly only by changes in the EEG during the “Go/No —
Go” test. Thus, an intragroup analysis of brain bio-
electric activity rearrangements in group 2 patients
revealed a statistically significant decrease in the spec-
tral power of the a-rhythm in the frontal cortex (p =
0.003) and a decrease in a-coherence in Fp1-Fp2 (p =
0.021), T3-T4 (p=0.003), Fp1-T3 (p=0.003), T3-O1
(p = 0.002) and C3-O1 (p = 0.034) during the
Go/No-Go test. Whereas in group 1 patients, there was
a statistically significant decrease in the spectral pow-
er of the a-rhythm in the Central cortex (p = 0.036)
and a decrease in a-coherence in Fpl1-Fp2 (p =0.014),
C3-C4 (p = 0.018), T3-T4 (p = 0.004) and T3-Ol1
(p = 0.012) during the “Go/No — Go” test (Fig. 3).

Group 2 patients responded to a cognitive stim-
ulus in the occipital (p = 0.014), left temporal (p =
0.009), and right temporal (p = 0.008) cortex with in-
creased B-power. And with decreased B-coherence in

Fpl-Fp2 (p = 0.001), F3—-F4 (p = 0.001), F7-F8 (p =
0.006), C3—C4 (p =0.001), P3—P4 (p =0.001), T3-T4
(p =0.001), T5-T6 (p = 0.004), FP1-T3 (p = 0.045),
FP2-T4 (p = 0.037), T3-O1 (p = 0.004), T4-02 (p
= 0.001), and C3-0O1 (v0.005). Patients from group
1 showed an increase in B-power only in the occipi-
tal (p = 0.007) and left temporal (p = 0.002) cortex,
as well as a decrease in B-coherence in Fpl-Fp2 (p =
0.001), F3-F4 (p = 0.002), F7-F8 (p = 0.009), C3—-C4
(p = 0.003), P3-P4 (p = 0.04), T3-T4 (p = 0.002),
T3-0O1 (p = 0.02), T4-02 (p = 0.02) and C3-Ol1
(p = 0.03) (Fig. 4).

Changes in the slow-wave rhythm (8-rhythm) in the
studied groups of patients with AUD during the “Go/
No — Go” test are shown in Fig. 5. Patients in group
2 had a statistically significant decrease in 0-rhythm
coherence in Fp1-Fp2 (p =0.018), F7-F8 (p = 0.009),
T3-T4 (p = 0.043), Fp1-T3 (p = 0.001), Fp1-C3
(p = 0.021), T3-O1 (p = 0.001), T4-02 (p = 0.001),
C3-01 (p=0.009), and C4-02 (p = 0.004) during the
test. At the same time patients from group 1 showed
a decrease in O-rhythm coherence only in F7-F8
(p =0.026), O1-02 (p = 0.007) and T3-T4 (p = 0.04).

A. Spectral power of the alpha rhythm
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Fig. 3. Dynamics of EEG alpha rhythm during the “Go/No — G0 test,

Median [Q,; Q,]: * level of statistical significance when comparing groups using Wilcoxon criterion at p < 0.05
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A. Spectral power of the beta rhythm
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Fig. 4. Dynamics of EEG beta rhythm during the “Go/No — Go” test,

Median [Q,; Q,]; * level of statistical significance when comparing groups using Wilcoxon criterion at p < 0.05

DISCUSSION

In this study, behavioral characteristics of inhibito-
ry control and its neural correlates were studied using
the “Go/No — Go” method to determine the features of
inhibition processes in AUD. The data obtained are
consistent with the results of some studies using the
cognitive “Go/No — Go” task in patients with AUD [4,
6, 12]. It was found that patients with impaired inhib-
itory control (group 2) had a more severe course of
AUD than patients from group 1: more hospitaliza-
tions and alcohol consumption per week. Moreover,
there is evidence that impaired inhibitory control
complicates the symptoms of AUD and increases re-
sistance to therapy [12].

The results of the electrophysiological study re-
vealed a number of important differences. First, in
patients with impaired inhibitory control during the

“Go/No — Go” test, there was a decrease in the spectral
power of the a-rhythm in the frontal cortex, while in
patients without impaired inhibitory control this oc-
curred in the central cortex. As a rule, the weaken-
ing of inhibitory control is reflected in the form of a
decrease in the prefrontal cortex activity [1, 13, 14].
Consequently, the observed decrease in a-activity
during the Go/No-Go task in the frontal cortex may
objectively reflect a lack of brain resources in sup-
pressing the response to a stimulus. A decrease in the
spectral power of the a-rhythm in the central cortex
in patients without inhibitory control violations may
reflect the processes of triggering behavior (suppres-
sion of the response to a stimulus) [13]. Secondly, we
found an unusual increase in B-activity in the occipi-
tal-temporal cortex during the “Go/No — Go” task, and
in patients with impaired inhibitory control, changes
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Fig. 5. Dynamics of EEG theta rhythm during the “Go/No — Go” test,

Median [Q; O,]; * level of statistical significance when comparing groups using Wilcoxon criterion at p < 0.05

were observed in both hemispheres. These changes
may be due to the fact that when inhibitory control is
violated, there is an increased need to activate addi-
tional parts of the brain to perform cognitive function.
Third, in terms of coherence parameters, we observed
significant brain structures involvement in patients
with impaired inhibitory control during the Go/No-Go
test, and in all frequency ranges. This also confirms
the conclusion that the functional activity of the cor-
tex is deficient in patients with AUD with impaired
inhibitory control.

CONCLUSION

In general, the results of this study allow us to
supplement and improve the understanding of neu-
ral functioning in cognitive processes, especially
inhibitory control in patients with AUD. Our study
showed the ability of the EEG method to detect differ-
ences in the electrical activity of the brain during the
Go/No-Go task among patients with AUD with or
without impaired inhibitory control. A better under-

standing of the various correlates of alcohol-related
behavior and neural effects on regulatory processes
can help in the diagnosis of AUD, as well as in the
creation of predictive criteria for pathological attrac-
tion to alcohol.
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