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The majority of patients with alcohol dependence syndrome suffer from sleep disorders, particularly insomnia, associated with a number of crit-

ical clinical aspects, increased suicide risk, anxiety and depression. The authors of relevant publications indicate associations between poly-

morphic melatonin genes and melatonin metabolism and symptoms of sleep disorders. However, the literature review failed to reveal any stud-

ies on the role of genetic polymorphism of circadian rhythm regulators in sleep disorders in patients with alcohol dependence. 

Objective: to determine the associations of polymorphic variants of genes HTR2A, MTNR1A, MTNR1B, CLOCK, DRD2 with sleep disorders

risk in alcohol dependence syndrome. 

Patients and methods. 307 patients with alcohol dependence syndrome were screened, including 61 women (21%) and 246 (79%) men (mean

age – 41.92±7.9 years). The presence and severity of sleep disorders were assessed by the Insomnia Severity Index. In addition, 10 ml of venous

blood sample was obtained from all participants. Genotyping of single nucleotide variants of HTR2A (rs6313), MTNR1A (rs34532313),

MTNR1B (rs10830963), CLOCK (rs1801260), DRD2 (rs1800497) genes was performed using real-time polymerase chain reaction. Statistical

analysis of the data was conducted using parametric and nonparametric methods. 

Results and discussion. The carriage of the *G allele of the polymorphic variant of the MTNR1B (rs10830963) gene, and its genotypes are

associated with a greater risk of insomnia than the carriage of *С/*С genotype. The carriage of the *С allele of the polymorphic variant of

the CLOCK (rs1801260) gene, as well as the *С/*Т genotype, are associated with the presence of sleep disorders. No associations between

polymorphic variants of the HTR2A (rs6313), DRD2 (rs1800497) genes and insomnia risk were detected in patients with alcohol depend-

ence syndrome.

Conclusion. The found associations reveal prospects for future research on melatonin's role in the pathophysiology of sleep disorders in patients

with alcohol dependence and pathogenetic therapy for insomnia.
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Introduction. Sleep disorders, in particular insomnia, are

widespread in patients with alcohol addiction syndrome and are

associated with several important clinical aspects of alcohol

addiction, increased suicide risk [1, 2], anxiety [3] and depression

[4, 5]. Alterations in a number of genes involved in the regulation

of sleep processes, particularly in the genes of receptors and

enzymes involved in the synthesis and metabolism of melatonin

and its precursors, can be one of the prerequisites for insomnia in

both healthy and alcohol-dependent individuals [6, 7].

Melatonin is one of the primary regulators of the circadian

rhythm; its production in the epiphysis pineal glands depends on

light stimulation [8–10]. Regular consumption of ethanol has

been shown to affect melatonin metabolism, thereby possibly

participating in the development and formation of alcohol

dependence [11]. Deirdre A. Conroy et al., studying circadian

rhythms by DLMO (dim light melatonin onset), found that

patients with alcohol dependence had a slower rate of rising and a

smaller maximum amplitude of melatonin rhythm compared

with healthy people [12]. K?hlwein E. et al. also observed a

decrease in peak values of melatonin secretion in patients with

alcohol dependence syndrome compared with healthy individuals

[13]. Danel T. et al. (2008) found that in healthy volunteers, in

contrast to alcohol-dependent individuals, there is no change in

melatonin secretion profile when taking similar doses of ethanol,

suggesting that either regular alcohol consumption leads to

impaired melatonin metabolism, or the features of melatonin

metabolism contribute to the initiation of alcohol dependence

[14].

Several authors have described the associations between

carriage of polymorphic variants of the melatonin and mela-



tonin metabolism genes and the risk of sleep disturbance symp-

toms, as mentioned above. Pallesen S. et al. studied the sero-

tonin sodium-dependent transporter and revealed that carriage

of the *A/*A genotype of the SLC6A4 gene (rs25531) is associ-

ated with the risk of sleep disorders in mentally healthy individ-

uals [15]. According to the findings of Myung W et al., who

studied genetic aspects of depressive disorders in 241 patients

from Korea, the TPH1 gene is involved in the mechanisms of

development of moderate insomnia (middle insomnia) during

depressive episodes [16]. Park H. J. et al. (2011) also established

that carriage of the polymorphic variant of melatonin receptor

1B gene is associated with the risk of sleep disorders in patients

with schizophrenia [6]. The association of the polymorphic

variant of the melatonin receptor 1B gene (rs10830963) with

sleep disorders was reported by Olsson L. et al. (2011). [7].

Apart from the genes involved in melatonin metabolism, a num-

ber of researchers point to the role of the carriage of polymor-

phic variants of the circadian oscillator genes (CLOCK, PER,

etc.) [17, 18]. Among the published studies, we have not found

any works analysing the role of genetic polymorphisms of circa-

dian rhythm regulators in the mechanisms of sleep disorders in

patients with alcohol dependence.

Objective: to determine the associations of polymorphic

variants of genes HTR2A (rs6313), MTNR1A (rs34532313),

MTNR1B (rs10830963), CLOCK (rs1801260), DRD2 (rs1800497)

with the risk of insomnia in alcohol dependence syndrome.

Materials and methods. The collection of material was

carried out based on the Republican Narcological

Dispensaries of the Ministry of Health of the Republic of

Bashkortostan №2 (Sterlitamak) and №1 (Ufa) between

February 2019 and August 2020. Genotyping was performed in

the Department of Personalized Psychiatry and Neurology of

V.M. Bekhterev National Medical Research Center (Saint

Petersburg). The Local Ethical Committee of the Federal State

Budgetary Educational Institution of Higher Education

Bashkir State Medical University of the Ministry of Health of

Russia, Republic of Bashkortostan gave approval (Protocol

№2 of 27.02.2019; Protocol №7 of 08.07.2020) to conduct this

study. 

The following inclusion criteria were used to form the

group: verified diagnosis F10.2 «Alcohol dependence syn-

drome» with a period of observation in the narcological service

of at least one year; voluntary written informed consent to par-

ticipate in the study, age 18–55 years; more than 7 days since

hospitalization to the narcological hospital and at least 72

hours since the last administration of benzodiazepines. Non-

inclusion criteria were: the presence of alcohol withdrawal syn-

drome at the moment of study; the presence of substance

dependence criteria other than alcohol or nicotine; other rea-

sons preventing verbal contact; the presence of comorbid psy-

chiatric pathology: schizophrenia, schizotypal conditions,

delusional disorders (F20–F29), dementia (F00–F03), mental

retardation (F70–F79), severe somatic pathology. The exclu-

sion criteria were: refusal to participate in the study after its ini-

tiation, identification of non-inclusion criteria during the clin-

ical interview.

307 patients with alcohol dependence syndrome were

screened, among whom 21% (61/307) were women, 79%

(246/307) were men. The mean age of the subjects was 41.92±7.9

years. This sample can be considered representative of the popu-

lation studied. 

The Insomnia Severity Index (ISI, Bastien et al., 2001,

Savard et al., 2005) was used to assess the presence and severity of

insomnia [19, 20]. 

Venous blood samples (10 ml) were taken from all sub-

jects using Vacutainer vacuum systems for molecular genetic

and biochemical studies. Venous blood samples for the bio-

chemical study were obtained in the morning on an empty

stomach after 10–12 hours of fasting. Venous blood samples for

the molecular genetic analysis were frozen (-20°C) and trans-

ferred to the Department of Personalized Psychiatry and

Neurology of Bekhterev National Research Center for

Psychiatry and Neurology. Preparation of blood samples for

deoxyribonucleic acid (DNA) extraction was performed with

Hemolytic (AmpliSense®) reagent for pretreatment of whole

peripheral and umbilical cord blood. DNA extraction was per-

formed with the Ribo-PREP kit (AmpliSens®). Genotyping for

single-nucleotide variants of HTR2A (rs6313), MTNR1A

(rs34532313), MTNR1B (rs10830963), CLOCK (rs1801260)

genes, DRD2 (rs1800497) was performed using real-time poly-

merase chain reaction (RT-PCR) on a RotorGene 6000 ampli-

fier (Quigen, Germany) using a reagent kit manufactured by

Syntol (Moscow).

All statistical processing was performed using STATISTI-

CA 6.1 (Stat. Soft, USA, Serial number

AXXR902E261711FAN4), Microsoft Excel, and IBM SPSS

Statistics 22. Shapiro–Wilk criterion was applied to determine

the normality of the distribution of quantitative variables.

Pearson's chi-square criterion (χ2) was used in frequency analysis.

The Mann–Whitney nonparametric U-criterion was applied to

compare quantitative variables in two independent groups, and

the Kruskal–Wallis test was used to compare quantitative vari-

ables in several independent groups. Spearman rank correlation

coefficient was also used to study associations between quantita-

tive variables. Linear regression analysis was employed to assess

the relationship between the phenomena. Nonparametric meth-

ods were chosen according to the distribution of some of the

quantitative variables in the sample, different from the normal

distribution.

Results. Among the alcohol dependence syndrome sam-

ple, 223 subjects complained of sleep disorders: 94% reported

problems falling asleep, 86% reported interrupted sleep, and

74% reported waking up too early. 136 (44%) patients met the

criteria for insomnia, including sleep disturbance complaints,

10 points or more on the Insomnia Severity Index (ISI). A

cut-off threshold of 10 points was proposed by one of the orig-

inal Morin CM technique authors, which is the most sensitive

for detecting insomnia [19]. The structure of insomnia disor-

ders according to the Insomnia Severity Index is shown in

Table 1.

A population group with similar inclusion criteria was

recruited to examine the consistency of genotypes with the

Hardy–Weinberg law but dropped from the study later due to

the identification of exclusion criteria. Compliance of the

genotype distribution with the Hardy–Weinberg law was

assessed by Fisher's exact test using the website of the

Munich Institute of Human Genetics (https://ihg.gsf.de/cgi-

bin/hw/hwa1.pl), as well as by Pearson Chi-square test using

Microsoft Excel. The test results are presented in Table 2.

Consistency with the Hardy–Weinberg distribution law

allows us to conclude that the sample is genetically represen-

tative.
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Table 1. Structure  of  insomnia disorders  according  to  the  ISI

Disorder 
Severity of the disorder n (%)

Total
No Light Moderate Severe Extremely severe

Trouble falling asleep 9 (7) 19 (14) 50 (37) 42 (31) 16 (12) 136

Problem with interrupted sleep 17 (13) 16 (12) 61 (45) 35 (26) 7 (5) 136

Problem waking up too early 33 (24) 30 (22) 42 (31) 17 (13) 14 (10) 136

Pearson's χ2 criterion was used to determine the associ-

ation of polymorphic gene variants: HTR2A (rs6313),

MTNR1A (rs34532313), MTNR1B (rs10830963), CLOCK

(rs1801260), DRD2 (rs1800497) and

insomnia in patients with alcohol

dependence syndrome using frequency

analysis. The results are presented in

Table 3.

Discussion. An analysis of the

association of polymorphic loci

rs1801260 of the CLOCK gene showed

that the frequency of the *T/*T geno-

type of the CLOCK gene (rs1801260) was

significantly lower in the group of

patients with insomnia (37%) than in

the carriers of other genotypes

(χ2=4.888; p=0.027*). A higher inci-

dence of sleep disturbances was not

excluded in the carriers of the *C/*T

genotype compared with the carriers of

other genotypes (p=0.051; χ2=3.813).

Comparing the frequency of alleles in

patients with and without sleep distur-

bance using the Mann–Whitney U-cri-

terion, it was determined that the *C

allele was significantly more frequent in

patients with insomnia than in patients

without sleep disturbance. Thus, we can

assume that the *C allele, as well as the

*C/*T genotype, are associated with the

presence of sleep disorders. The absence

of statistical significance in the *C/*C genotype analysis may

be due to its relatively low occurrence in the study sample

(n=18; 6%). 

Table 2. Resul ts  o f  consis tency analys is  o f  genotypes  wi th  the  Hardy–Weinberg  law

Gene (SNV) Genotypes F Chi-square f_a1 p (Pearson) p (Llr) p (Exact)

HTR2A (rs6313) *С/*С *С/*Т *Т/*Т
-0.03 0.27 0.63±0.018 0.6 0.599 0.653

143 174 47

MTNR1A (rs34532313) *С/*С *С/*Т *Т/*Т
0.05 1.3 0.70±0.017 0.350 0.353 0.384

181 146 37

MTNR1B (rs10830963) *С/*С *С/*G *G/*G
0.08 2.066 0.62±0.019 0.151 0.152 0.148

148 158 58

CLOCK (rs1801260) *Т/*Т *С/*Т *С/*С
-0.03 0.366 0.69±0.017 0.545 0.543 0.623

172 160 32

DRD2 (rs1800497) *С/*С *С/*Т *Т/*Т
0.06 1.69 0.68±0.018 0.256 0.259 0.278

173 149 42

Note. F – Inbreeding Ratio; f_a1 – Allele frequency 1 ± standard deviation; p (Pearson) – Pearson's chi-squared test (degree of freedom = 1); p (Llr) – Logarithmic chi-

square probability ratio (degree of freedom = 1); p (Exact) – Fisher's exact test.

Table 3. Frequency analys is  o f  polymorphic  gene variants  
and the  presence  of  s leep  disorder

Gene Genotypes
Chi-square; 

p-value

HTR2A (rs6313) *С/*С *С/*Т *Т/*Т

47% (51/108) 42% (72/169) 37% (11/30) χ2=1.866

χ2=0.865 χ2=0.167 χ2=0.659 р=0.601

р=0.352 р=0.683 р=0.417

MTNR1A (rs34532313) *С/*С *С/*Т *Т/*Т

41% (68/165) 50% (56/110) 31% (10/32) χ2=5.398

χ2=0.861 χ2=3.674 χ2=2.233 р=0.145

р=0.354 р=0.055** р=0.135

MTNR1B (rs10830963) *С/*С *С/*G *G/*G

35% (52/148) 52%(53/101) 50% (29/58) χ2=9.160

χ2=8.42 χ2=4.768 χ2=1.173 р=0.027*

р=0.004* р=0.029* р=0.279

CLOCK (rs1801260) *С/*С *С/*Т *Т/*Т

50% (9/18) 50% (70/141) 37% (55/148) χ2=5.531

χ2=0.314 χ2=3.813 χ2=4.888 р=0.137

р=0.575 р=0.051** р=0.027*

DRD2 (rs1800497) *С/*С *С/*Т *Т/*Т

41% (71/172) 50% (31/62) 31% (13/42) χ2=6.243

χ2=0.028 χ2=2.285 χ2=2.340 р=0.1

р=0.867 р=0.131 р=0.126

Note: * p < 0.05; ** p trend < 0.09
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A number of significant associations were also found in

the analysis of polymorphic variants of melatonin receptor

genes in patients with and without insomnia. It was found that

the frequency of the *C/*T genotype of the MTNR1A gene

(rs34532313) was likely to be higher in the group of patients

with insomnia than in the carriers of other genotypes

(p=0.055). The frequency of the *C/*C and *C/*G polymor-

phic variants of the MTNR1B gene (rs10830963) was found to

be significantly lower in the group of patients with insomnia. A

comparison of allele frequency in patients with and without

insomnia applying the Mann–Whitney U-criterion revealed

that the *G allele was significantly more frequent in patients

with insomnia than in patients without sleep disturbances

(p=0.015). A statistically significant difference was obtained

by comparing the severity of insomnia in patients with differ-

ent genotypes, using the Kruskal–Wallis criterion. It was also
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The severity of sleep disturbances in carriers 

of different genotypes of the polymorphic variant 

of the MTNR1B gene (rs10830963)
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revealed that the carriers of the *C/*C genotype had lower

insomnia severity than the carriers of other genotypes (Figure

1). The C*/C* genotype carriage of the MTNR1A gene

(rs34532313) was associated with the lowest severity of sleep

problems in the structure of insomnia disorders compared with

other genotypes carriers, with the highest severity among

T*/T* genotype carriers, suggesting an association between

the T* allele and sleep problems (p=0.0361). Thus, it was

shown that the *G allele as well as the *C/*G and *G/*G

genotypes, were associated with a greater risk of insomnia than

the *C/*C genotype. Applying the Spearman rank correlation

method, we found that the number of *C alleles in the geno-

type inversely correlated with the severity of problems with

falling asleep (R=-0.13; p=0.018), problems waking too early

(R=-0.19; p=0.0007), intermittent sleep problems (R=-0.12;

p=0.03), Insomnia severity index (R=-0.17; p=0.002). By per-

forming a simple regression analysis, where the dependent

variable was the insomnia severity index and the predictor was

the carriage of the *C/*C genotype, we could construct a

model that explained 2.85% of the variance (b*=-0.168;

p=0.0029).

The associations of polymorphic variants of the HTR2A

(rs6313), DRD2 (rs1800497), and insomnia genes in patients with

alcohol dependence syndrome were not identified.

Conclusions. We found several significant associations

between the polymorphic gene variants analysed in this study

and sleep disturbances in patients with alcohol dependence

syndrome. The carriage of the *G allele of the polymorphic

variant of the MTNR1B gene (rs10830963) and its genotypes

was associated with a greater risk of dyssomnia than the car-

riage of the *C/*C genotype. The *C allele of the polymorphic

variant of the CLOCK gene (rs1801260) and the *C/*T geno-

type was associated with a high risk of sleep disturbance in

patients with alcohol dependence syndrome. The detected

associations open perspectives for further study of the role of

melatonin in the pathophysiology of sleep disorders in patients

with alcohol dependence and search for pathogenetic therapies

for insomnia.



O R I G I N A L  I N V E S T I G A T I O N S  A N D  M E T H O D S

Неврология, нейропсихиатрия, психосоматика. 2021;13(5):34–39 38

1. Chakravorty S, Grandner MA, 

Mavandadi S, et al. Suicidal ideation in veterans

misusing alcohol: relationships with insomnia

symptoms and sleep duration. Addict Behav.

2014 Feb;39(2):399-405. 

doi: 10.1016/j.addbeh.2013.09.022. Epub 2013

Oct 12.

2. Klimkiewicz A, Bohnert AS, Jakubczyk A,

et al. The association between insomnia 

and suicidal thoughts in adults treated for alco-

hol dependence in Poland. Drug Alcohol

Depend. 2012 Apr 1;122(1-2):160-3. 

doi: 10.1016/j.drugalcdep.2011.09.021. 

Epub 2011 Oct 11.

3. Blumenthal H, Taylor DJ, Cloutier RM, 

et al. The links between social anxiety disorder,

insomnia symptoms, and alcohol use disorders:

findings from a large sample of adolescents 

in the United States. Behav Ther. 2019

Jan;50(1):50-9. doi: 10.1016/j.beth.2018.03.010.

Epub 2018 Mar 26.

4. Zhabenko O, Krentzman AR, 

Robinson EA, Brower KJ. A longitudinal study

of drinking and depression as predictors 

of insomnia in alcohol-dependent individuals.

Subst Use Misuse. 2013 May;48(7):495-505. 

doi: 10.3109/10826084.2013.781182. Epub 2013

Apr 8.

5. Brower KJ, Perron BE. Prevalence and cor-

relates of withdrawal-related insomnia among

adults with alcohol dependence: results from 

a national survey. Am J Addict. May-Jun

2010;19(3):238-44. 

doi: 10.1111/j.1521-0391.2010.00035.x

6. Park HJ, Park JK, Kim SK, et al.

Association of polymorphism in the promoter 

of the melatonin receptor 1A gene with schizo-

phrenia and with insomnia symptoms in schizo-

phrenia patients. J Mol Neurosci. 2011

Oct;45(2):304-8. doi: 10.1007/s12031-011-

9522-6. Epub 2011 Apr 28.

7. Olsson L, Pettersen E, Ahlbom A, et al. 

No effect by the common gene variant

rs10830963 of the melatonin receptor 1B 

on the association between sleep disturbances

and type 2 diabetes: results from the Nord-

Trondelag Health Study. Diabetologia. 2011

Jun;54(6):1375-8. doi: 10.1007/s00125-011-

2106-8. Epub 2011 Mar 5.

8. Hasler BP, Soehner AM, Clark DB. 

Sleep and circadian contributions to adolescent

alcohol use disorder. Alcohol. 2015

Jun;49(4):377-87. doi: 10.1016/j.alco-

hol.2014.06.010. Epub 2014 Nov 7.

9. Thakkar MM, Sharma R, Sahota P.

Alcohol disrupts sleep homeostasis. Alcohol.

2015 Jun;49(4):299-310. doi: 10.1016/j.alco-

hol.2014.07.019. Epub 2014 Nov 11.

10. Eban-Rothschild A, Appelbaum L, 

de Lecea L. Neuronal mechanisms for

sleep/wake regulation and modulatory drive.

Neuropsychopharmacology. 2018 Apr;43(5):937-

52. doi: 10.1038/npp.2017.294. Epub 2017 

Dec 5.

11. Ефремов ИС, Асадуллин АР, 

Насырова РФ и др. Алкоголь и нарушения

сна. Обозрение психиатрии и медицинской

психологии им. В.М. Бехтерева. 2020;(3):27-

34. doi: 10.31363/2313-7053-2020-3-27-34

[Yefremov IS, Asadullin AR, Nasyrova RF, et al.

Alcohol and sleep disturbances. Obozreniye

psikhiatrii i meditsinskoy psikhologii imeni

V.M. Bekhtereva. 2020;(3):27-34. 

doi: 10.31363/2313-7053-2020-3-27-34 

(In Russ.)].

12. Conroy DA, Hairston IS, Arnedt JT, et al.

Dim light melatonin onset in alcohol-depend-

ent men and women compared with healthy

controls. Chronobiol Int. 2012 Feb;29(1):35-42.

doi: 10.3109/07420528.2011.636852

13. Kühlwein E, Hauger RL, Irwin MR.

Abnormal nocturnal melatonin secretion 

and disordered sleep in abstinent alcoholics.

Biol Psychiatry. 2003 Dec 15;54(12):1437-43.

doi: 10.1016/s0006-3223(03)00005-2

14. Danel T, Cottencin O, Tisserand L, 

Touitou Y. Inversion of melatonin circadian

rhythm in chronic alcoholic patients during

withdrawal: preliminary study on seven patients.

Alcohol Alcohol. Jan-Feb 2009;44(1):42-5. 

doi: 10.1093/alcalc/agn091. Epub 2008 

Nov 22.

15. Pallesen S, Jacobsen DP, Nielsen MB,

Gjerstad J. The 5-HTTLPR rs25531 

LALA-genotype increases the risk of insomnia

symptoms among shift workers. Sleep Med. 2019

Aug;60:224-9. doi: 10.1016/j.sleep.2019.04.009.

Epub 2019 Apr 25.

16. Myung W, Song J, Lim SW, et al. 

Genetic association study of individual symp-

toms in depression. Psychiatry Res. 2012 Aug

15;198(3):400-6. doi: 10.1016/j.psy-

chres.2011.12.037. Epub 2012 Mar 17.

17. Serretti A, Benedetti F, Mandelli L, et al.

Genetic dissection of psychopathological symp-

toms: insomnia in mood disorders and CLOCK

gene polymorphism. Am J Med Genet B

Neuropsychiatr Genet. 2003 Aug 15;121B(1):35-

8. doi: 10.1002/ajmg.b.20053

18. Semenova NV, Madaeva IM, Bairova TI, 

et al. 3111T/C Clock gene polymorphism 

in women with insomnia. Bull Exper Biol Med.

2017 Aug;163(4):461-4. doi: 10.1007/s10517-

017-3828-5. Epub 2017 Aug 29.

19. Morin CM, Belleville G, Belanger L, 

Ivers H. The Insomnia Severity Index: 

psychometric indicators to detect insomnia

cases and evaluate treatment response. Sleep.

2011 May 1;34(5):601-8. 

doi: 10.1093/sleep/34.5.601

20. Bastien CH, Vallieres A, Morin CM.

Validation of the Insomnia Severity Index 

as an outcome measure for insomnia research.

Sleep Med. 2001 Jul;2(4):297-307. 

doi: 10.1016/s1389-9457(00)00065-4

R E F E R E N C E S

Received/Reviewed/Accepted 

01.05.2021/15.06.2021/26.08.2021

Conflict of Interest Statement 
The investigation has not been sponsored. There are no conflicts of interest. The authors are solely responsible for submitting the

final version of the manuscript for publication. All the authors have participated in developing the concept of the article and in writing

the manuscript. The final version of the manuscript has been approved by all the authors.

Efremov I.S. https://orcid.org/0000-0002-9994-8656

Asadullin A.R. https://orcid.org/0000-0001-7148-4485

Dobrodeeva V.S. https://orcid.org/0000-0002-1367-1669

Shnayder N.A. https://orcid.org/0000-0002-2840-837X

Akhmetova E.A. https://orcid.org/0000-0003-4053-6232

Tukhvatullina D.R. https://orcid.org/0000-0002-4938-7635

Krupitsky E.M. https://orcid.org/0000-0002-0529-4525

Nasyrova R.F. https://orcid.org/0000-0003-1874-9434


