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Abstract

Introduction: Oxytocin (OXT) is an  important 
neurohormone involved in regulating the stress 
response with both behavioural and physiologi-
cal aspects. It has anxiolytic and antidepressant 
properties. Studies on the  mechanisms of  de-
pendence suggest that stress and psychologi-
cal symptoms like anxiety and depression may 
increase susceptibility to alcohol use disorders 
(AUD) and the  risk of  relapse. The aim of  this 

Streszczenie

Wprowadzenie: Oksytocyna (OXT) jest ważnym 
neurohormonem biorącym udział w regulacji re-
akcji na stres, zarówno w aspekcie behawioralnym, 
jak i fizjologicznym. Ma właściwości przeciwlę-
kowe oraz przeciwdepresyjne. Badania dotyczą-
ce mechanizmów uzależnienia sugerują, że stres  
i takie objawy psychiczne, jak lęk i depresja, mogą 
zwiększać podatność na zaburzenia związane  
z używaniem alkoholu (AUD) oraz ryzyko nawro-
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tu picia. Celem badania była ocena związku poli-
morfizmów w regionie genu OXT z dyskomfortem 
psychicznym oraz nasileniem myśli samobójczych 
u pacjentów uzależnionych od alkoholu.
Materiał i  metody: Badaniem objęto 288 doro-
słych ochotników spełniających kryteria uzależ-
nienia od alkoholu według klasyfikacji DSM-IV, 
którzy uczestniczyli w programach leczenia uza-
leżnienia od alkoholu w Warszawie. Krótki in-
wentarz objawów (BSI) wykorzystano do oceny 
cierpienia psychicznego. Nasilenie myśli samobój-
czych oceniono przy użyciu Skali Samobójczych 
Ideacji Becka (BSS). Zbadano cztery polimorfizmy 
pojedynczych nukleotydów (SNP) w regionie genu 
OXT: rs4813625, rs877172, rs3761248 i rs2740210.
Wyniki: Analiza statystyczna uzyskanych danych 
wykazała istotny związek między genotypem GT 
polimorfizmu rs2740210 genu OXT a  objawami 
dyskomfortu psychicznego u pacjentów uzależnio-
nych od alkoholu (p = 0,0262). Po zastosowaniu ko-
rekty Bonferroniego (pBonferroni  <  0,0125) zależność 
była istotna statystycznie w grupie pacjentów po-
chodzących z rodzin z problemem alkoholowym, 
a  także chorych, u których wystąpił nawrót picia 
po leczeniu. Ponadto genotyp GT był istotnie staty-
stycznie związany z nasileniem myśli samobójczych 
w grupie pacjentów z nawrotem picia po leczeniu.
Omówienie: Wyniki sugerują, że OXT może od-
grywać ważną rolę u pacjentów uzależnionych od 
alkoholu poprzez jej związek z dyskomfortem psy-
chicznym.
Wnioski: Polimorfizm rs2740210 w regionie genu 
OXT wymaga dalszych badań jako czynnik progno-
styczny w leczeniu zaburzeń związanych z używa-
niem alkoholu.
Słowa kluczowe: uzależnienie od alkoholu, zaburze-
nia związane z używaniem alkoholu, polimorfizm 
genetyczny, oksytocyna, dyskomfort psychiczny, my-
śli samobójcze.

study was to analyse the  relationships between 
oxytocin gene (OXT) polymorphisms, psycho-
logical distress and the severity of suicidal ide-
ation in alcohol-dependent patients. 
Material and methods: The  study included 
288 adult patients who fulfilled a DSM-IV diag-
nostic criteria of  alcohol dependence and par-
ticipated in alcohol treatment programmes in 
Warsaw, Poland. The  Brief Symptom Inventory 
(BSI) was used to assess the level of psychologi-
cal distress and the  Beck Scale for Suicidal Ide-
ation (BSS) measured the  severity of  suicidal 
ideation. Four single nucleotide polymorphisms 
(SNPs) in the region of OXT gene were analysed 
(rs4813625, rs877172, rs3761248 and rs2740210). 
Results: Statistical analysis of  the  obtained data 
showed a  nominally significant association be-
tween the  GT genotype in the  rs2740210 poly-
morphism of the OXT gene region and symptoms 
of psychological distress in alcohol-dependent pa-
tients (p = 0.0262). After the Bonferroni correction 
(pBonferroni < 0.0125), this relationship was statistical-
ly significant in the group of patients with a family 
history of alcohol problems and patients who had 
returned to drinking after treatment. Moreover, 
the GT genotype was statistically significantly as-
sociated with the  severity of  suicidal ideation in 
a the post-treatment relapsing patient group. 
Discussion: Our results suggest that the oxytocin 
system may play an important role in patients with 
alcohol dependence through its association with 
psychological distress. 
Conclusions: The  rs2740210 polymorphism in 
the region of the OXT gene should be studied fur-
ther as a prognostic factor in the course and treat-
ment of alcohol use disorders.
Keywords: Alcohol dependence, Alcohol use dis-
order, Genetic polymorphism, Oxytocin, Psycho-
logical distress, Suicidal ideation.

■ Introduction 
Alcohol dependence is a chronic, relapsing dis-

order that significantly contributes to health, social 
and economic problems in the world. The majority 
of treated patients achieve only short-term remis-
sions and frequently return to drinking. Extensive 
research has focused on understanding the  neu-

robiological factors and mechanisms underly-
ing the  development and course of  dependence. 
Among the numerous mechanisms that may be in-
volved in the neurobiology of alcohol dependence, 
evidence suggests a role for oxytocin (OXT) [1].

OXT receptors are found in the  nucleus ac-
cumbens, bed nucleus of the stria terminalis, ven-
tral tegmental area, hippocampus, amygdala and 
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ventral pallidum. All of these regions are relevant 
to drug-seeking behaviour [2]. Other research has 
found that OXT modulates the response to alcohol 
through interaction with neural sites implicated in 
the  development of  substance-use disorders and 
craving [2-4]. 

OXT administered, especially centrally but also 
peripherally, during chronic ethanol administra-
tion in mice attenuates the development of toler-
ance to ethanol [5], decreases the severity of with-
drawal symptoms and reduces mortality [6]. In 
rats, peripheral OXT prevented the  development 
of tolerance to alcohol-induced narcosis [7]. In ad-
dition, short-term administration of OXT during 
early adolescence among rats reduced both gener-
alised and social anxiety-related behaviours in late 
adolescence and inhibited the development of ex-
cessive alcohol consumption in adult rats [8]. 

The OXT system has bidirectional interactions 
with the  stress axis, autonomic nervous system, 
neurotransmitter systems (e.g., dopamine, sero-
tonin and GABA/glutamate) and the  immune 
system. These systems play important roles in dif-
ferent phases of addiction [1]. Differences in OXT 
system functioning may be related to individual 
factors like age, gender and genetic variation espe-
cially in the OXT genes and receptor. They can also 
be influenced by environmental influences like 
stress or trauma [9] and social experiences [10].

Epidemiological studies have shown that alco-
hol use disorders (AUD) are often associated with 
other mental disorders like anxiety, mood and per-
sonality disorders [11]. Additionally, withdraw-
al from ethanol is associated with an  increased 
release of corticotropin releasing factor (CRF) in 
the amygdala. Accordingly, OXT as an antagonist 
of CRF can block withdrawal-induced anxiety and 
alcohol-seeking behaviour [12, 13], and restore 
the rewarding value of social interaction [2]. 

Based on previous research focused on the neu-
robiology of dependence, genetic variation in OXT 
signalling may play an important role in modulat-
ing psychological distress [14, 15]. The motivation 
to consume alcohol is inextricably linked to psy-
chological distress and social context. Individual 
differences in the endogenous OXT system could 
explain some of the individual differences in sus-
ceptibility to psychological symptoms and relapse 
in alcohol-dependent patients. Therefore the aim 
of  this study was to investigate the  association 
of four selected single nucleotide polymorphisms 

(SNPs) in the region of the OXT gene (rs4813625, 
rs877172, rs3761248, rs2740210) with psycholog-
ical distress, severity of suicidal ideation (SI) and 
relapse in alcohol-dependent patients.

■ Material and methods
Participants

The participant group consisted of  288 adult 
patients (214 men, 74 women) with a current diag-
nosis of alcohol dependence, which was assessed 
clinically by an addiction therapist and a psychia-
trist. Diagnoses were made according to DSM-IV 
criteria based on a  clinical interview and confir-
mation with the Mini-International Neuropsychi-
atric Interview (M.I.N.I.) [16]. Patients with active 
alcohol withdrawal or psychotic disorder, current 
pharmacotherapy for comorbid mental disorders, 
cognitive impairment and presence of  aggressive 
or self-harm behaviour were excluded. A  more 
detailed description of  the  study sample and 
the  treatment programmes has previously been 
published [17].

All subjects voluntarily entered abstinence-based 
alcohol treatment programmes in Warsaw. In ad-
dition, patients took part in meetings of Alcohol-
ics Anonymous. Individuals requiring medication 
for mental disorders were excluded, therefore all 
study participants were free from any psychotropic 
medication.

There are no common functional polymor-
phisms in the  region of  the OXT system. We se-
lected four SNPs located in regions just upstream 
or downstream to the  OXT gene (rs4813625, 
rs877172, rs3761248, rs2740210) based on evi-
dence of  associations with psychiatric, especially 
mood, disorders [18-21] and their influence on 
human dopaminergic function [15]. The four SNPs 
were investigated in all study patients. The study 
was approved by the  Medical School Institution-
al Review Board at the  University of  Michigan 
and the Bioethics Committee at the Medical Uni-
versity of  Warsaw. Participation was confidential 
and voluntary. All subjects were informed about 
the overall objectives and course of the study and 
they signed an informed consent document prior 
to participation. 

Measures

Participants were asked to complete a  com-
posite questionnaire that gathered data on demo-
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graphic and psychosocial variables, alcohol use and 
severity, smoking, family history of  alcohol prob-
lems and psychological symptom severity. All diag-
nostic instruments were used in the Polish language 
version. The methodology of simultaneous forward/
single backward translation was used when Polish 
versions were unavailable [22-24]. More details 
of the procedure and the correctness of the transla-
tion has previously been published [17].

The level of general psychological distress was as-
sessed with the Brief Symptom Inventory (BSI) [25], 
a self-report symptom scale consisting of 53 items 
covering nine primary symptom dimensions: soma-
tisation (SOM), obsession-compulsion (OC), inter-
personal sensitivity (IS), depression (DEP), anxiety 
(ANX), hostility (HOS), phobic anxiety (PHOB), 
paranoid ideation (PAR) and psychoticism (PSY). 
Each item measures distress on a  5-point Likert 
scale from 0 (not at all/no distress) to 4 (extremely/
very strong distress) over a time period of the past 
7 days. Our primary variable was the Global Sever-
ity Index (GSI) computed as a raw score (sum of all 
item scores divided by 53) and later transformed 
into age and gender-specific normative T-scores by 
use of a standardised reference table. 

Drinking prior to admission for treatment was 
measured using the  Substance Abuse Outcomes 
Module (SAOM) [26]. Intensive alcohol use was 
defined as drinking alcohol in amounts exceeding 
WHO levels for risky alcohol consumption (over 4 
standard drinks daily for men and over 2 standard 
drinks daily for women).

The severity of  alcohol dependence and related 
problems were assessed applying the Polish version 
of  the  Michigan Alcoholism Screening Test (MAST) 
[27, 28] and a modified version of the SAOM [26].

The Alcohol Time-Line Follow-Back Interview 
(TLFB) [29, 30] was used to evaluate post-treat-
ment relapse defined as any drinking in the  fol-
low-up period (no/yes). Patients who were lost 
to follow-up 6 to 12 months after discharge 
from treatment were considered to have relapsed 
(n = 74).

Questions about demographics and family 
history of  alcohol problems were obtained using 
the  University of  Arkansas Substance Abuse Out-
comes Module (SAOM), which is a  self-adminis-
tered questionnaire [26].

The severity of  suicidal ideation (SI) was as-
sessed applying the Beck Scale for Suicidal Ideation 
(BSS) [31]. The BSS is a 24-item self-report scale 

that evaluates a patient’s thoughts, intent and plans 
to commit suicide. All items are rated on a three-
point scale (0 to 2). Total scores range from 0 to 
38 with higher scores reflecting a greater severity 
of  suicidal thoughts. The  BSS was completed by 
all patients at the  time of  study entry. If current 
suicidal tendencies were revealed during the  ex-
amination of  the  patient, a  management plan 
was developed consisting of  immediate referral 
to a  psychiatrist for examination, direct patient 
support and referral or transport to a psychiatric 
hospital. There was no need to follow these proce-
dures throughout the study.

Genotyping

DNA was extracted from participants’ white 
blood cells using the  Gentra Puregene Blood 
Kit (Qiagen). The  SNPs (rs4813625, rs877172, 
rs3761248, rs2740210) have been identified ac-
cording to the previously described design meth-
od [15, 32]. We examined four SNPs (rs4813625, 
rs877172, rs3761248, rs2740210) located in ge-
nomic region containing sequence 5 kb upstream 
or 1 kb downstream of OXT. All polymorphisms 
were analysed using the  Illumina GoldenGate 
Platform at the University of Michigan. 

Statistical analysis

The statistical analysis was performed using Sta-
tistica Software, version 12.0. Data are presented as 
arithmetic means and standard deviations (± SD) 
for parametric variables. For non-parametric vari-
ables, data are presented as median and quartiles. 

The primary analysis focused on examining as-
sociations between the genetic polymorphisms in 
the region of the OXT gene and global psychologi-
cal distress as measured by the GSI. Taking into ac-
count the four SNPs, a Bonferroni-corrected value 
of  p  <  0.0125 was considered statistically signifi-
cant. All SNPs were chosen not to be in high link-
age disequilibrium (LD) (r2 < 0.7) although there 
is some moderate LD (r2 ~ 0.4) between rs3761248 
and rs877172.

We analysed the associations first in all subjects 
and then in selected subgroups categorised by 
family history of alcohol problems, post-treatment 
drinking course and nicotine use/dependence. We 
also examined associations between the  genetic 
polymorphisms in the region of the OXT gene and 
severity of SI (suicidal ideation) in all patients. 
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by the GSI in the full sample of patients. Howev-
er, there was a  nominally significant association 
between the  rs2740210 polymorphism and psy-
chological distress (p = 0.0262; Table IV). Visual 
inspection revealed a difference between the het-
erozygous (GT) and homozygous patients (GG/
TT). A comparison of those two groups revealed 
a  statistically significant relationship with GSI 
(p = 0.0071). Thus we conducted analyses between 
this SNP and our four a priori defined subgroups 
of  study patients using a  Bonferroni correction 
factor of 0.0125. 

The association between psychological distress 
and the  rs2740210 polymorphism was signifi-
cant for patients who reported alcohol problems 

When comparing the  means (normally dis-
tributed variables) or medians (non-normal dis-
tributions) of  two groups, differences were tested 
with either Student’s t-test or Mann-Whitney U test 
respectively. When the means or medians of more 
than two groups were compared, analyses of vari-
ance or Kruskal-Wallis tests were used. When com-
paring categorical variables, the χ2 test was used.

The Epsilon-squared (Ɛ2) for the Kruskal-Wal-
lis H-test was used to estimate of effect size [33].

■ Results
Demographic and clinical characteristics

The sample consisted of  288 patients (74 fe-
males, 214 males) with a  mean of  44 ± 10 years 
of age (43 ± 9 in females; 44 ± 10 in males). Socio-
demographic and clinical description of the sam-
ple is provided in Table I. The scores from the BSI 
are presented in Table II. The  median score on 
the  GSI was 46 and 35 respondents (12%) had 
a  GSI T-score  >  63 indicating clinically relevant 
psychological distress. 

Genetic analysis

The distribution of  analysed genotypes and 
allele frequencies are presented in Table III. 
The  genotype frequencies for all 4 SNPs were in 
Hardy-Weinberg equilibrium.

After applying the Bonferroni correction, there 
were no significant associations between any 
of the four SNPs (rs2740210, rs4813625, rs877172, 
rs3761248) and psychological distress as measured 

Table I. Sociodemographic and clinical characteristics of study participants

Characteristics N = 288

Age (years), mean (SD) 44 (10)

Gender (males), n (%) 214 (74)

Married, n (%) 130 (45)

Age of onset of drinking problem (years), mean (SD) 24 (9)

Duration of intensive alcohol use (year), median (IQR) 18 (12; 28)

Family history of alcohol dependence, n (%) 179 (62)

Severity of alcohol dependence (MAST; T-score), mean (SD) 34.4 (9.5)

Severity of suicidal ideation (BSS; T-score), median (IQR) 3 (0; 1)

No history of SA and baseline SI, n (%) 186 (65)

Severity of psychopathology (GSI; T-score), median (IQR) 46 (39; 56)

Relapsed (confirm and suspected), n (%) 191 (66)
MAST – Michigan Alcoholism Screening Test, SD – standard deviation, IQR – interquartile range, GSI – General Severity Index derived from 
Brief Symptom Inventory, BSS – Beck Scale for Suicidal Ideation, SI – suicidal ideation, SA – suicide attempt.

Table II. BSI T-scores in alcohol-dependent patients 
(N = 288)

GSI and BSI subscales T-score

Median (quartiles) Range 

Global Severity Index 
(GSI)

46 (39; 57) 12-78

Somatization 49 (44; 58) 33-78

Obsessive-compulsiveness 47 (42; 57) 26-80

Interpersonal sensitivity 47 (42; 55) 4-73

Depression 45 (39; 53) 27-73

Anxiety 44 (36; 53) 26-78

Hostility 48 (41; 53) 30-78

Phobic anxiety 46 (37; 55) 36-80

Paranoid ideation 51 (45; 58) 32-80

Psychoticism 49 (43; 56) 41-75
BSI – Brief Symptom Inventory.
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in the family (p = 0.0029) and for those who ex-
perienced a  relapse during a  1-year follow-up 
(p = 0.0098; Table IV). 

There were no significant associations between 
the  other studied SNPs (rs4813625, rs877172, 
rs3761248) and psychological symptoms in 
the  subgroups with a  family history or relapse 
(data not shown). 

The second objective of the study was to deter-
mine the  association between polymorphisms in 
the region of the OXT gene and suicidal ideation. 
The statistical analysis did not show a significant 
association between the  rs2740210 and the  se-
verity of SI (p = 0.0415). However, those patients 
who relapsed after treatment and were carriers 
of  the  heterozygous genotype GT of  rs2740210 
had significantly higher levels of  SI as compared 
to either type of  homozygote (p  =  0.0048). In 
the group of patients without relapse, the associa-
tion between rs2740210 and SI was not significant 
(p = 0.3991). 

There were no significant associations between 
SI and the other studied SNPs in the total sample 
or the study subgroups.

■ Discussion 
The study’s major finding was the significant as-

sociation between the rs2740210 polymorphism in 
the region of the OXT gene and symptoms of psy-
chological distress in subgroups of alcohol-depen-
dent patients. The GT genotype of the rs2740210 
OXT gene region was significantly associated with 
the  severity of  psychological symptoms. The  re-
sults showed that in rs2740210 heterozygotes, 
factors like alcohol problems in the family might 
predispose to psychological distress and intensity 
of psychological symptoms. Moreover, this associ-
ation was significant in patients who experienced 
a relapse during a 1-year follow-up. These findings 
suggest that the rs2740210 heterozygote polymor-
phism in the OXT gene region can be involved in 
mechanisms responsible for relapse to drinking 
potentially acting through the severity of psycho-
logical symptoms. 

Patients with family history of alcohol problem 
have a  potentially increased genetic risk of  alco-
hol dependence. We hypothesised that in these 
patients, the  influence of  the  OXT gene region 

Table III. Distribution of  OXT genotypes and allele frequencies in male and female alcohol-dependent patients 
(N = 288) 

OXT SNPs Genotypes 
n (%)

Allele frequency Hardy-
Weinberg test

rs4813625 G/G G/C C/C G C

Men 67 (31.3) 107 (50.0) 40 (18.7) 0.56 0.44

Women 20 (27.0) 41 (55.4) 13 (17.6) 0.55 0.45

Total 87 (30.2) 148 (51.4) 53 (18.4) 0.56 0.44 χ2 = 0.52
p = 0.56

rs877172 A/A A/C CC A C

Men 94 (43.9) 105 (49.1) 15 (7.0) 0.69 0.31

Women 39 (52.7) 28 (37.8) 7 (9.5) 0.72 0.28

Total 133 (46.2) 133 (46.2) 22 (7.6) 0.69 0.31 χ2 = 2.07 
p = 0.69

rs3761248 T/T C/T CC T C

Men 148 (69.1) 62 (29.0) 4 (1.9) 0.84 0.16

Women 53 (71.6) 18 (24.3) 3 (4.1) 0.84 0.16

Total 201 (69.8) 80 (27.8) 7 (2.4) 0.84 0.16 χ2 = 0.08
p = 0.84

rs2740210 G/G G/T T/T G T

Men 85 (39.7) 111 (51.9) 18 (8.4) 0.66 0.34

Women 33 (44.6) 33 (44.6) 8 (10.8) 0.67 0.33

Total 118 (41.0) 144 (50.0) 26 (9.0) 0.66 0.34 χ2 = 3.72 
p = 0.66

SNP – single nucleotide polymorphism.
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rs2740210 polymorphism could be more apparent 
on the  severity of  psychological distress as a  ge-
netic factor. Although studies of genetic vulnera-
bility in predicting relapse in alcohol-dependent 
patients are inconclusive, some researchers sug-
gest that genetic factors may be associated with 
relapse [34-36]. Based on these reports, we extend 
this study to explore whether associations between 
the rs2740210 polymorphism of the OXT gene re-
gion and GSI would be more significant in the pa-
tients who had relapsed. In both analysed groups, 
the  associations were statistically significant and 
more pronounced.

It is known that alcohol dependence is a com-
plex mental disorder, which in addition to alcohol 
seeking and loss of  control over intake, is char-
acterised by the  emergence of  negative emotions 
during withdrawal [37]. Based on previous studies, 
there is general agreement that stress and psychiat-

ric symptoms like anxiety and depression may lead 
to relapse and require attention when treating al-
cohol dependence [38-40]. On one hand, stress is 
among the critical risk factors of relapse [41] while 
on the  other, early abstinence from alcohol acti-
vates stress mechanisms [42].

Brain OXT has generally been described as 
an important regulator of the stress response with 
both behavioural and physiological aspects [43]. 
Research has suggested that OXT can reduce re-
activity of  the  hypothalamic-pituitary-adrenal 
(HPA) axis after stress [44] and inhibit activa-
tion of  the  amygdala, which has a  key function 
in the  acute potentiation of  drugs of  abuse [45]. 
It also may decrease levels of adrenocorticotropic 
hormone [46] and cortisol [47]. Previous studies 
have shown that OXT may have both anxiolyt-
ic [48] and antidepressant [49] properties. In our 
study, we used the  BSI self-report inventory as 

Table IV. Associations between rs2740210 genotypes in the OXT gene region and psychological distress (GSI scores) 
in alcohol-dependent patients with selected characteristics

GSI scores GSI scores

N TT 
median 

(quartiles)

GT
median 

(quartiles)

GG
median 

(quartiles)

p Ɛ2 GT 
median 

(quartiles)

GG/TT
median 

(quartiles)

p Ɛ2

All patients 288 44
(36; 54)

47
(39; 59)

44
(38; 51)

0.0262 0.025 47
(39; 59)

44
(38; 51)

0.0071 0.026

Men 214 41
(36; 53)

48
(39; 60)

44
(39; 51)

0.0572 0.026 48
(39; 60)

43
(38; 51)

0.0212 0.025

Women 74 50
(38; 58)

46
(42; 57)

45
(38; 53)

0.2924 0.034 46
(42; 57)

45
(38; 56)

0.2065 0.022

Positive family 
history

179 45
(39; 57)

53
(43; 61)

43
(38; 52)

0.0029 0.065 53
(43; 61)

43
(38; 53)

0.0008 0.063

Relapsed at 
follow-up

191 42
(36; 54)

49
(42; 60)

43
(35; 50)

0.0098 0.049 49
(42; 60)

43
(36; 51)

0.0024 0.049

GSI – Global Severity Index of the Brief Symptom Inventory; Ɛ2-Epsilon square.

Variables are presented as median and quartiles of T-scores and analysed by Kruskal-Wallis test. Bonferroni-corrected value of p < 0.0125 
are bolded. 

Table V. Associations between rs2740210 genotypes in the OXT gene region and suicide ideation (BSS T-scores) in 
alcohol-dependent patients with selected characteristics

BSS (T-scores)

All patients
N = 286

Men
n = 212

Women
n = 74

Relapsed at follow-up
n = 190

TT v GT v GG p = 0.0375
ε2 = 0.023

p = 0.0129
ε2 = 0.041

p = 0.4158
ε2 = 0.024

p = 0.0048
ε2 = 0.056

GT v TT/GG p = 0.0123
ε2 = 0.022

p = 0.0103
ε2 = 0.031

p = 0.5361
ε2 = 0.005

p = 0.0011
ε2 = 0.056

BSS – Beck Scale for Suicidal Ideation.

Variables are presented as median and quartiles of T-scores and analysed by Kruskal-Wallis test. Bonferroni-corrected value of p < 0.0125 
are bolded.
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a measure of psychological distress and individu-
al coping with stress. OXT has been shown to be 
a  hormone whose release increases during times 
of  stress, thereby reducing the  stress response in 
human [50]. According to McQuaid et al. oxyto-
cin receptor (OXTR) SNPs are associated with in-
creased stress responses [51].Therefore we aimed 
to test whether the  individual psychological dis-
tress in alcohol-dependent patients is moderat-
ed by OXT region SNPs. The  significant effects 
of  the genetic variant in the region of OXT gene 
as found in our study might affect psychological 
symptoms and relapse through such mechanisms. 

The severity of  psychiatric symptoms in pa-
tients dependent on alcohol is associated with 
a more difficult course and longer treatment [52, 
53]. Our study results showed that a higher level 
of psychiatric symptoms at the time of treatment 
entry was associated with relapse during a  6-12 
month follow-up period in patients with a  par-
ticular OXT region polymorphism. The potential 
ability of endogenous OXT to regulate anxiety or 
depression-related behaviour by reducing stress, 
decreasing autonomic arousal, and dampen-
ing HPA axis reactivity may improve the  course 
of treatment [54, 55]. This suggests a potential role 
for OXT administration during treatment for psy-
chologically distressed patients with this polymor-
phism. Although speculative, other studies have 
demonstrated the  potential therapeutic benefits 
of OXT administration without regard to genotype 
[40, 56-58].

The correlation between the  rs2740210 poly-
morphism and psychological symptoms in al-
cohol-dependent patients with family alcohol 
problems might be expected given the  polygenic 
inheritance of  AUD. Besides other genes impli-
cated in alcohol dependence, such as BDNF [34], 
HTR2A [59], GABRA2 [60] and SCL6A4 [36], ge-
netic variation in the OXT system may also play 
an important role. Individual differences in the en-
dogenous OXT system might modulate psychiat-
ric symptoms and influence the course of alcohol 
dependence including post-treatment relapse. 
Previous studies have reported that alcohol in-
crease HPA axis activity in humans [41, 61, 62]. 
This modification may lead to increased negative 
emotions and by modifying the  stress hormone 
systems may influence alcohol use [63]. 

Love et al. first showed a  moderating effect 
of  the  OXT genotype (rs2740210) on the  rela-

tionship between social support and psycholog-
ical distress in alcohol-dependent patients [14]. 
They noted that heterozygotes GT exhibited sig-
nificantly higher overall GSI scores compared to 
homozygotes (GG). Our study is in line with this 
result in relation to psychological distress. We ad-
ditionally extend this report by showing associa-
tions between the  rs2740210 polymorphism and 
psychological distress among different subgroups 
of  patients with alcohol dependence including 
those with a  family history of  alcoholism and 
post-treatment relapse.

The association is unusual in that the  rela-
tionship between genotype and these traits is not 
linear but rather U-shaped; the heterozygous in-
dividuals are under more stress and have high-
er levels of SI than those with either type of ho-
mozygote. While U-shaped relationships have 
been occasionally observed (e.g. COMT cate-
chol-o-methyltransferase), usually heterozygotes 
are the  most well adapted in cases of  this kind 
with either extreme being inferior [64-66]. More-
over, Love et al. and our research are the  first 
studies showing the effect of rs2740210 in group 
of alcohol-dependent patients. Despite the small 
groups in both studies, the results point to a sim-
ilar direction indicate on heterozygotes (GT) 
more stressed. It is unclear why heterozygotes 
relative to homozygotes seems to be more ex-
posed to psychological distress. Previous studies 
on the significance of this polymorphism in oth-
er aspects (postpartum depression, breastfeeding 
duration [18], childhood-onset mood disorders 
[67], schizophrenia [68]) were inconsistent but in 
terms of direction were not in line with ours. 

The significant association between the 
rs2740210 variant and the severity of suicidal ide-
ation in this study was found only in post-treat-
ment relapse patients. Some studies have reported 
significantly lower plasma [69] and CSF [70] OXT 
levels in those patients who had attempted suicide. 
Additionally, most researchers have documented 
that genes modulating brain functions may be im-
portant in the aetiology of suicidal behaviour [71]. 
Our results suggest that polymorphic variants in 
the  region of  OXT gene may be associated with 
neuromodulation of emotional processes associat-
ed with suicidal thoughts.

We examined four SNPs (rs4813625, rs877172, 
rs3761248, rs2740210) located in noncoding re-
gions just upstream or downstream to the  OXT 
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gene in chromosome 20. Evolutionary analyses 
show that many non-coding sequences are con-
served to the  same extent as protein-coding se-
quences, and thus are also likely to be function-
ally important for gene expression [72]. Despite 
the  lack of  conclusive evidence of  the  functional 
significance of  these SNPs, they have been pre-
viously associated with substance use disorders, 
psychiatric symptomatology and stress responsiv-
ity in alcohol-dependent patients [14, 15, 18, 32, 
73]. Additionally, SNP rs2740210 which was sig-
nificant in our study, is located on the 3’flanking 
region of the OXT gene. Some researchers specu-
late that this SNP could be in linkage disequilibri-
um with a variant that has a functional impact on 
the expression or regulation of OXT gene [14].

The main limitation of  this study is its small 
sample size, which is not fully representative of all 
individuals with alcohol dependence. Moreover, 
the data were obtained by self-administered ques-
tionnaires and not confirmed by an objective as-
sessment. Another limitation is that we focused 
only on polymorphisms in the region of OXT gene, 

the  functional significance of  which is not fully 
known. Together with other stress-related genes 
that we did not study, additional factors, like legal 
or financial problems, that may influence psycho-
logical distress in alcohol-dependent patients were 
not analysed. The statistically significant relation-
ships revealed by the Kruskal-Wallis test had a rel-
atively weak-to-moderate effect [74].This confirms 
that the  OXT system is one of  the  many factors 
influencing on psychological distress and severi-
ty of SI. Therefore the obtained results should be 
treated with due deliberation and caution.

■ Conclusions
Our results show that variant rs2740210 in 

the  region of  the OXT gene is one of  the  factors 
that may influence on psychological distress and 
the  severity of  SI in alcohol-dependent patients. 
In this context, future studies are needed to assess 
the potential clinical impact of OXT region genetic 
variants.
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