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Abstract
Background  Alcohol dependence (AD) confers susceptibility to distressing withdrawal symptoms that often lead 
to relapse. While neuroadaptation during withdrawal influences symptoms, the genetic factors behind it have not 
been thoroughly investigated. We utilized propensity score matching and investigated connections between AD, 
OXT rs6133010, and withdrawal symptoms to address confounding variables. By elucidating the OXT rs6133010-AD 
interaction, we aim to gain insights into alcohol withdrawal variability and contribute to personalized treatment 
approaches.

Methods  A cross-sectional study design was employed involving a total of 389 AD patients and 184 healthy controls 
who were genotyped for the OXT rs6133010 polymorphism. Psychiatric symptoms were evaluated using standardized 
scales during early withdrawal. Propensity score matching mitigated age and education differences.

Results  A two-way ANOVA demonstrated a significant AD x OXT rs6133010 interaction effect on hostility and anxiety. 
Further analysis revealed that the regulatory impact of OXT rs6133010 was exclusively in AD patients. Specifically, AD 
patients with the AA homozygote showed robust protection against hostility and anxiety. Path analysis unveiled the 
underlying mechanism of OXT symptom regulation.

Conclusion  This study presents novel evidence that OXT rs6133010 specifically modulates psychiatric symptoms in 
AD. The G allele may heighten hostility and anxiety vulnerability during alcohol withdrawal. These findings emphasize 
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Introduction
Alcohol misuse and dependence are significant contribu-
tors to the global disease burden and leading causes of 
preventable death worldwide. According to Substance 
Abuse and Mental Health Services Administration’s 
(SAMHSA) 2020 data, approximately 24.0% of adults 
in the United Kingdom reported participating in binge 
drinking in the previous month. Alcohol Dependence 
(AD) is a chronic and relapsing brain disorder attrib-
uted to excessive drinking, exacerbating various medi-
cal and psychiatric issues and ultimately reducing the 
lifespan of those affected [1]. The World Health Organi-
zation reports that AD is globally prevalent in 29.1% of 
the population during their lifetime, with notable health, 
social, and economic effects [2]. One noteworthy feature 
of alcohol use disorder (AD) is its elevated relapse rate, 
which can reach up to 60% within a year of abstinence 
[3]. The available literature proposes that the develop-
ment of psychological and psychiatric symptoms dur-
ing alcohol withdrawal and early abstinence plays a role 
in the increased relapse rates [4, 5]. Patients often turn 
to drinking again to relieve or avoid these distressing 
symptoms, thus perpetuating a cycle of dependence [6]. 
However, there is considerable individual variation in 
the type, severity and duration of withdrawal symptoms. 
Only a limited number of studies have investigated the 
genetic factors that affect neural adaptation processes 
during withdrawal, which could explain the differences in 
symptom profiles and the risk of relapse [7]. In the realm 
of substance addiction research, Volkow and colleagues 
underscored the difficulties associated with withdrawal 
from substance addiction owing to genetic predisposition 
[6, 8]. It is probable that genetic factors interact with the 
neurobiological effects of alcohol in shaping a person’s 
susceptibility to particular withdrawal symptoms [9, 10]. 
Variations in symptom profiles may result from polymor-
phisms that moderate the effect of alcohol on neurologi-
cal systems associated with emotion, stress response, and 
reward processing [11, 12]. Knowledge of these factors 
could aid in devising customized treatment plans that 
cater to the individual symptom experiences of patients, 
thereby boosting long-term remission rates.

Oxytocin (OXT) is a crucial neuropeptide that exerts 
its effects through binding to its unique G protein-cou-
pled receptor, the oxytocin receptor (OXTR). The OXTR 
is widely distributed throughout the brain, particularly 
in regions associated with social behavior, emotional 
regulation, and reward processing, including the nucleus 
acumens, amygdala, and prefrontal cortex [13]. When 

oxytocin binds to OXTR, it initiates various intracellular 
signaling cascades, primarily through Gq/11 proteins, 
leading to the activation of phospholipase C and sub-
sequent calcium mobilization. This signaling pathway 
modulates neuronal excitability, synaptic plasticity, and 
neurotransmitter release, ultimately influencing behavior 
and emotional responses [14, 15]. Notably, dysfunction in 
the oxytocinergic system has been linked to psychiatric 
disorders, including depression, anxiety, and substance 
use disorders, with increasing evidence supporting its 
influence on motivation and addiction risk [16, 17]. For 
instance, the OXTR rs53576 variant has been linked to 
altered stress sensitivity and social processing in alcohol-
dependent individuals, while the OXTR rs2254298 has 
been implicated in anxiety and depression within the 
context of substance use disorders [18, 19]. Recently, the 
OXT variant rs6133010 has been identified as a promis-
ing candidate for investigating susceptibility to alcohol 
dependence. Yang et al.. (2017a) highlighted the role of 
the OXT rs6133010 polymorphism in addictive disor-
ders [19]. Studies investigating the relationship between 
OXT rs6133010 and emotion recognition propose pos-
sible modulation of the severity of withdrawal symptoms, 
as it interacts with alcohol’s impact on neural systems 
involved in emotion processing. The OXT rs6133010 
genotype significantly impacts emotion cognition, with 
G carriers demonstrating better accuracy in recognizing 
angry expressions than AA carriers [20]. Hence, explor-
ing the correlation between the OXT rs6133010 poly-
morphism and withdrawal-related psychiatric symptoms 
may provide valuable insights for the development of 
new biologically targeted treatments aimed at alleviating 
AD symptoms.

However, earlier genetic studies on psychiatric dis-
orders related to alcoholism have reported unreliable 
results, indicating either high variability or weak cor-
relation [21, 22]. This disparity can be attributed to the 
modest effects of general genetic variance [23] and 
the intricate nature of psychiatric disorders, which are 
shaped by both genetic and environmental factors [24]. 
Genetic factors are complicated by other influences, such 
as individual characteristics (for example, age and sex) 
and environmental factors such as culture and educa-
tion. Thus, accurately determining the genetic impact on 
psychiatric symptoms is challenging. For example, pos-
sessing a higher education level correlates with reduced 
aggression levels [25], a lower tendency toward emo-
tional distress [26], and enhanced executive function 
[27]. These factors potentially function as protective 

considering environmental factors when studying and utilizing oxytocin therapeutically. Additionally, OXT may not 
directly act as an anxiolytic but instead regulates anxiety by modulating hostility.
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barriers against psychiatric symptoms [28]. To counteract 
selection bias, genome-wide association studies (GWAS) 
employ large sample sizes. Nevertheless, GWASs suffer 
from limited ability to control for potential confounding 
factors. The nature of GWAS, which is hypothesis-free, 
presents a challenge in efficiently identifying the most 
significant confounding factors and how best to address 
them [29]. Furthermore, the availability of nongenetic 
data in voluminous datasets limits the scope of GWAS. 
To overcome these limitations, this study utilized pro-
pensity score matching (PSM) to balance the confound-
ing variables between AD patients and healthy controls 
[30, 31]. In contrast to GWAS, PSM calculates propensity 
scores for multiple preselected confounders simultane-
ously and matches groups to minimize the influences of 
individual characteristics and environmental factors that 
can interfere with genetic research [32]. This approach 
targets specific confounders known to obscure genetic 
effects, thereby enabling the exploration of pure genetic 
factors’ effects on withdrawal symptoms.

Overall, this study investigated the relationship 
between AD and OXT rs6133010 in influencing sus-
ceptibility to psychological distress during withdrawal. 
Initially, we mitigated the impact of confounding fac-
tors using PSM to more accurately assess the effects of 
the gene. Subsequently, we examined both the indi-
vidual effects and the interaction between AD and OXT 
rs6133010 on various psychiatric symptoms. Finally, we 
explored whether the effects of OXT rs6133010 on differ-
ent psychiatric symptoms were interconnected or sepa-
rate and, based on these findings, proposed a potential 
regulatory mechanism of OXT.

Materials and methods
Participants
This study recruited a total of 400 Chinese male par-
ticipants from several psychiatric hospitals in northern 
China. Eleven subjects were excluded due to incomplete 
data, resulting in a final sample size of 389 male patients. 
The main inclusion criteria for individuals with AD were 
as follows: (1) diagnosis of AD by at least two psychia-
trists according to DSM-IV criteria, who hold valid psy-
chiatric occupational license; (2) age between 18 and 65 
years; and (3) Chinese Han ethnicity and male sex. The 
exclusion criteria for AD participants were as follows: (1) 
history of other drug abuse or addiction and (2) presence 
of severe mental illness in the patient or their first-degree 
relatives. Prior to admission, all AD patients underwent 
evaluation by a psychiatrist to ensure the absence of 
significant depression or anxiety symptoms. All assess-
ments, including the evaluation of withdrawal symptoms, 
were conducted on the third day after admission during 
the mandatory withdrawal period.

Two hundred male healthy controls (HCs) were 
recruited from the same region. The inclusion and exclu-
sion criteria for the healthy control group were identi-
cal to those of the AD group, with the exception that 
individuals in the HCs group had no history of alcohol 
or other drug dependence. Informed written consent 
was obtained from all participants, and the study staff 
received appropriate training. The estimated sample size 
was calculated using G*Power (V3.1.7). Based on previ-
ous research findings, the effect size was set at 0.40 [33]. 
Other parameters were set as follows: statistical power 
(1-β) = 0.95 and significance level α = 0.05. The calculated 
result indicated that the sample size needed was equal to 
or greater than 162 participants.

This study was approved by the Institutional 
Review Board of Inner Mongolian Medical Univer-
sity (YKD2015003). The participants completed ques-
tionnaires and submitted blood samples, which were 
preserved at − 80  °C for DNA extraction. All patients 
provided written informed consent upon being informed 
that their blood samples would be subjected to a gene 
assay.

Experimental procedures
General information
General information was collected through simple ques-
tions, which included age, educational years, marital 
status, and living status. Age and educational years were 
recorded as numerical values in years. Marital status was 
converted into a binary variable, with unmarried coded 
as 0 and married coded as 1. Living status was also con-
verted into a binary variable, with living without family 
coded as 0 and living with family coded as 1.

Aggression
Aggression was assessed using the Chinese version of 
the Buss-Perry Aggression Questionnaire (BPAQ). The 
BPAQ consists of 30 items and measures five different 
forms of aggression, namely, physical aggression, verbal 
aggression, anger, hostility, and indirect aggression. Par-
ticipants rated their agreement with each item on a five-
point Likert scale, with higher scores indicating greater 
levels of aggression. The BPAQ is a widely utilized tool 
for assessing aggression and has demonstrated high 
internal consistency reliability, with a Cronbach’s α coef-
ficient of 0.80 [34].

Anxiety
Anxiety was assessed using the Zung Self-Rating Anxi-
ety Scale (SAS) [35], a self-report measure consisting of 
20 items that evaluate the severity of anxiety symptoms 
experienced during the past week. Participants rated 
each item on a 4-point Likert scale, ranging from 1 (none 
or little of the time) to 4 (most or all of the time). Total 
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scores on the SAS range from 20 to 80, with higher scores 
indicating greater severity of anxiety symptoms [36]. The 
SAS demonstrates high internal consistency reliability, 
with a Cronbach’s α coefficient of 0.82 [37]. In the current 
study, the SDS showed good internal consistency, with a 
Cronbach’s α = 0.83.

Depression
Depression symptom severity was assessed using the 
Zung Self-Rating Depression Scale (SDS) [38], a self-
report measure consisting of 20 items that evaluate 
affective and somatic depressive symptoms experienced 
during the past week. Participants rated each item on a 
4-point Likert scale, ranging from 1 (none or little of the 
time) to 4 (most or all of the time). Total scores on the 
SDS range from 20 to 80, with higher scores indicating 
greater severity of depression symptoms [39]. The SDS 
demonstrates high internal consistency reliability, with a 
Cronbach’s α coefficient of 0.70 [40]. In the current study, 
the SDS showed good internal consistency, with a Cron-
bach’s α = 0.79.

Genotyping
Peripheral blood samples (5  ml) were collected from 
all participants, and genomic DNA was extracted using 
the salting-out method. Genotyping of OXT rs6133010 
was performed using the scalable MassARRAY@ Sys-
tem, which utilizes MALDI-TOF technology. Genotypes 
were determined using a 5’nuclease fluorescent TaqMan™ 
primer obtained from Applied Biosystems (Foster City, 
CA) [19].

Statistical analysis
Statistical analyses were conducted to examine the effects 
of alcohol dependence diagnosis and OXT rs6133010 
genotype on withdrawal-related psychiatric symptoms. 
All analyses were conducted using R version 4.2.1. First, 
Pearson’s correlation analysis was performed to identify 
potential confounding variables that could influence psy-
chiatric symptoms (p < 0.05). Propensity score matching 

(PSM) was then employed to address confounding 
effects. Logistic regression was used to estimate propen-
sity scores for AD patients and matched healthy controls 
(HCs), employing 1:1 nearest neighbor matching with a 
caliper of 0.1 to optimize balance. Matching successfully 
reduced differences across groups for all confounds (age, 
education), with nonsignificant t tests confirming group 
equivalence (p > 0.05). Before conducting the main analy-
ses, we tested the Hardy-Weinberg equilibrium for OXT 
rs6133010 genotype distribution using chi-square tests.

To minimize Type I error inflation in subsequent 
analyses, we first conducted a multivariate analysis of 
variance (MANOVA) with AD and OXT rs6133010 as 
independent variables and all psychiatric symptoms 
(physical aggression, verbal aggression, anger, hostility, 
anxiety, and depression) as dependent variables. Next, 
two-way analysis of variance (2 × 2 ANOVA) was con-
ducted to examine the main and interaction effects of AD 
and OXT rs6133010 on multiple psychiatric symptoms. 
Subsequently, a series of multiple regression analyses 
were performed to investigate specific and interactional 
effects of AD and OXT rs6133010 on psychiatric symp-
toms. AD, OXT rs6133010, and the interaction of AD × 
OXT rs6133010 were entered as predictors for different 
psychiatric symptoms. Simple main effects analyses and 
multiple comparison tests were employed to explore sig-
nificant interactions and clarify the nature of the effects 
on symptoms.

Finally, pathway analysis was utilized to explore poten-
tial biological mechanisms underlying the effects of the 
OXT rs6133010 genotype on psychiatric symptoms dur-
ing alcohol withdrawal.

Results
Preliminary analysis
First, we conducted a correlation analysis to identify 
potential confounding variables related to psychiatric 
symptoms. Table  1 presents the results, showing that 
age, educational years, marital status, and living status 
were potential factors influencing psychiatric symptoms. 

Table 1  Correlation analysis among demographic variables and psychiatric symptoms
1. 2. 3. 4. 5. 6. 7. 8. 9. 10.

1.Age 1
2.Educational Year -0.33*** 1
3.Marital Status 0.25*** -0.11** 1
4.Living Status 0.12** -0.09* 0.36*** 1
5.Physical Aggression 0.04 -0.22*** -0.10* 0.02 1
6.Verbal Aggression 0.16*** -0.24*** -0.01 0.04 0.65*** 1
7.Anger 0.20*** -0.25*** -0.04 0.11* 0.65*** 0.75*** 1
8.Hostility 0.17*** -0.20*** -0.03 0.02 0.60*** 0.68*** 0.66*** 1
9.Anxiety 0.15*** -0.20*** -0.02 0.02 0.29*** 0.32*** 0.42*** 0.44*** 1
10.Depression 0.02 -0.06 -0.05 -0.03 0.17*** 0.14** 0.23*** 0.18*** 0.17*** 1
Note: *p < 0.05;**p < 0.01;***p < 0.001
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Specifically, educational years emerged as a significant 
sociological variable, showing significant correlations 
with multiple forms of aggression and anxiety (|r| > 0.20, 
p < 0.001). Age exhibited significant positive correla-
tions with verbal aggression, anger, hostility, and anxiety 
(r > 0.15, p < 0.001). Marital status demonstrated a sig-
nificant negative correlation with physical aggression (r = 
-0.10, p < 0.05). Furthermore, living status displayed a sig-
nificant positive correlation with anger (r = 0.11, p < 0.05). 
These findings suggest that age, educational years, mari-
tal status, and living status should be considered influ-
ential factors in the data analysis, given their significant 
associations with the specific factors assessed in this 
research study.

Propensity score matching
As presented in Table  2, our study conducted descrip-
tive analyses for two different sample types and examined 
the differences between the two groups (independent 
sample t test for continuous variables, chi-square test for 
categorical variables). The descriptive analyses revealed 
significant differences between the AD and HCs groups 
in terms of age (t = 9.57, p < 0.001) and education level 
(t = 6.33, p < 0.001), with the AD group being older and 
having fewer years of education. To address these con-
founding factors and isolate the effects of AD and the 
OXT rs6133010 genotype, propensity score matching 
(PSM) was employed. PSM was used to eliminate sample 
selection bias by matching AD and HCs subjects based 
on similar demographic characteristics. Following PSM, a 
total of 312 matched subjects were retained. The matched 
groups did not exhibit significant differences in terms of 
age (t = 0.70, p = 0.49), education (t = 0.13, p = 0.90), mari-
tal status (χ2 = 0.24, p = 0.71), or living status (χ2 = 0.45, 
p = 0.59; see Table 2).

Descriptive statistics
Out of the 312 participants, 156 were HCs and 156 were 
AD. The average age of the participants was 37.83 ± 9.36 
years, and the average number of educational years was 

12.01 ± 2.69 years. Marital status indicated that 96 par-
ticipants were unmarried (30.77%) and 216 were married 
(69.23%). Regarding living status, 73 participants were 
living without family (23.40%), while 239 participants 
were living with family (76.6%). In the HCs group, the 
genotype distribution for OXT rs6133010 was as follows: 
124 AA genotypes (79.5%), 29 AG genotypes (18.6%), 
and 3 GG genotypes (1.9%). These distributions were 
found to be consistent with Hardy-Weinberg equilib-
rium (χ2 = 0.70, p > 0.05), indicating that OXT rs6133010 
adhered to Mendel’s laws of heredity. Additionally, the 
minor allele frequency (MAF) of this SNP was deter-
mined to be 11.2%, which aligns with the frequencies 
observed in HapMap and 1000Genomes (HapMap: 
MAF = 0.04 ~ 0.12). Based on previous research, the AG 
and GG homozygotes were combined into the G allele 
and coded as 1, while the AA homozygote was coded as 
0. Figure  1 displays the aggression, anxiety, and depres-
sion scores (standard normal scores) for the different 
genotype groups. The MANOVA with two between-sub-
ject factors, AD and OXT rs6133010, revealed a signifi-
cant interaction effect on aggression (F = 2.27, p = 0.047). 
Based on this result, subsequent 2 × 2 analysis of vari-
ance (ANOVA) tests were conducted to explore specific 
dimensions of aggression in detail.

Aggression
We initially examined the aggression scores for each 
group. A 2 × 2 analysis of variance (ANOVA) was con-
ducted, with two between-subject factors of AD (AD/
HCs) and OXT rs6133010 (AA/G). Compared to HCs 
(physical aggression: MHCs= 25.05, SDHCs = 19.30; verbal 
aggression: MHCs = 25.48, SDHCs = 18.30; Anger: MHCs 
= 21.77, SDHCs = 18.95; hostility: MHCs = 17.86, SDHCs = 
16.17), the AD group exhibited significant main effects 
on various dimensions of aggression, including physi-
cal aggression (F(1,308) = 20.48, p < 0.001, η2p = 0.06), ver-
bal aggression (F(1,308) = 14.33, p < 0.001, η2p = 0.04), 
anger (F(1,308) = 36.97, p < 0.001, η2p = 0.11) and hostility 
(F(1,308) = 30.97, p < 0.001, η2p = 0.09) (Table  3). Notably, 

Table 2  Comparison of demographic variables before and after propensity score matching
Covariates Before PSM After PSM

HCs
(n = 184)

AD
(n = 389)

χ2 / t HCs
(n = 156)

AD
(n = 156)

χ2 / t

Age 35.63 ± 9.87 43.72 ± 9.24 -9.57*** 37.46 ± 9.58 38.20 ± 9.15 0.70
Educational Year 12.35 ± 2.52 10.80 ± 2.85 6.33*** 11.99 ± 2.49 12.03 ± 2.89 0.13
Marital Status 3.41 0.24
unmarried 63(34.2%) 104(26.7%) 46(29.5%) 50(32.1%)
married 121(65.8%) 285(73.3%) 110(70.5%) 106(67.9%)
Living Status 2.90 0.45
Living without family 48(26.1%) 77(19.8%) 34(21.8%) 39(25.0%)
Living with family 136(73.9%) 312(80.2%) 122(78.2%) 117(75.0%)
Note: HCs: healthy controls; AD: alcohol dependence; *p < 0.05;**p < 0.01;***p < 0.001
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Table 3  Two-way ANOVA results for aggression dimensions by alcohol dependence and OXT rs6133010 genotype
Parameter Factor SS df MS F p η2p
Physical Aggression AD 18.79 1 18.79 20.48 < 0.001 0.06

Rs6133010 0.87 1 0.87 0.95 0.33 0.003
Interaction 0.002 1 0.002 0.01 0.96 < 0.001
Residual 282.51 308 0.92

Verbal Aggression AD 13.26 1 13.26 14.33 < 0.001 0.04
Rs6133010 3.19 1 3.19 3.44 0.06 0.01
Interaction 1.55 1 1.55 1.67 0.20 0.005
Residual 284.99 308 0.93

Anger AD 31.33 1 31.33 36.97 < 0.001 0.11
Rs6133010 2.93 1 2.93 3.46 0.06 0.01
Interaction 1.34 1 1.34 1.59 0.21 0.005
Residual 260.98 308 0.85

Hostility AD 26.70 1 26.70 30.97 < 0.001 0.09
Rs6133010 3.16 1 3.16 3.67 0.06 0.01
Interaction 5.11 1 5.11 5.93 0.02 0.02
Residual 265.46 308 0.86

Note: AD: alcohol dependence; Interaction: AD × rs6133010; SS: Sum of Squares; df: Degrees of Freedom; MS: Mean Square; F: F-statistic; η²p: Partial Eta Squared. *p < 
0.05;**p < 0.01;***p < 0.001

Fig. 1  Aggression ratings and mood scores across groups categorized by AD and OXT rs6133010 genotype
Note: Z-scores for physical aggression (PA), verbal aggression (VA), anger (Ang), hostility (Hos), anxiety (Anx), and depression (Dep) for the four subgroups. 
Higher Z-scores indicate greater severity of symptoms
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when OXT rs6133010 was included in the analysis, the 
interaction of AD × OXT rs6133010 only showed a sig-
nificant effect on hostility (F(1,308) = 5.93, p < 0.05, η2p = 
0.02), while it did not affect physical aggression, verbal 
aggression, or anger (Table  3). To validate the interac-
tion effects of AD and OXT rs6133010 on hostility, we 
conducted a multiple regression analysis. In this analy-
sis, OXT rs6133010 and the interaction of AD × OXT 
rs6133010 were entered as predictors of hostility. The 
results revealed that the AD × OXT rs6133010 interac-
tion (β = 0.26, t = 2.43, p < 0.05) accounted for a significant 
portion of the variance in hostility. The partial correlation 
value of 0.137 indicated that approximately 1.87% of the 
variance in hostility could be explained by the AD × OXT 
rs6133010 interaction. Hence, our findings suggest that 
the interaction between AD and OXT rs6133010 has a 
significant effect on hostility but not on other dimensions 
of aggression.

Subsequently, we conducted simple effects analysis 
and multiple comparisons to examine the robustness 
of the interaction and investigate the specific forms of 
the G × E interaction. The results of the simple effects 
analysis revealed a significant effect of AD on hostility 
across genotypes, with a larger effect size observed in G 
allele carriers (AA homozygote carriers: F(1,308) = 7.09, 
p = 0.01, η2p = 0.02; G allele carriers: F(1,308) = 24.45, 
p < 0.001, η2p = 0.07). OXT rs6133010 exhibited a sig-
nificant simple effect on hostility only in the context of 
AD (F(1,308) = 11.89, p < 0.001, η2p = 0.04) and not in the 
healthy state (F(1,308) = 0.11, p = 0.74, η2p < 0.01). The 
results of multiple comparisons were consistent with 
the simple effect analysis, showing that AD patients dis-
played higher levels of hostility in both genotype sub-
groups than HCs (AA homozygote carriers: t = 2.66, 
p < 0.01; G allele carriers: t = 4.94, p < 0.001). In the case 
of OXT rs6133010, among AD individuals, there was a 

significant simple effect, indicating that G allele carriers 
(M = 34.24, SD = 18.80) exhibited higher levels of hostil-
ity than AA homozygote carriers (M = 24.84, SD = 15.84) 
(t = 3.45, p < 0.001) (see Fig.  2). Conversely, in the HCs 
group, there were no differences in hostility scores among 
different gene subgroups (t = -0.34, p = 0.74). Overall, our 
findings demonstrate that the effect of OXT rs6133010 
on hostility exists exclusively in the context of AD, rather 
than during the healthy state. This suggests that the inter-
action between AD and OXT rs6133010 aligns with the 
diathesis-stress model.

Mood disorders
Regarding mood disorders such as anxiety and depres-
sion, our findings indicate that AD had a significant 
main effect on anxiety (F(1,308) = 12.16, p < 0.01, η2p = 
0.04) but not on depression (F(1,308) = 0.13, p = 0.72, η2p < 
0.001) (Table 4). Furthermore, we observed a significant 
interaction between AD and OXT rs6133010 on anxi-
ety (F(1,308) = 6.44, p < 0.05, η2p = 0.02), while no signifi-
cant interaction was found for depression (F(1,308) = 0.02, 
p = 0.89, η2p < 0.001). The results of the multiple regres-
sion analyses were consistent with those of the two-way 
ANOVA. The interaction term, AD × OXT rs6133010, 
accounted for a significant portion of the variance in 
anxiety (β = 0.28, t = 2.54, p < 0.05). The partial correlation 
value of 0.143 indicates that approximately 2.04% of the 
variance in anxiety can be explained by the AD × OXT 
rs6133010 interaction.

Additionally, we conducted simple effects analysis 
and multiple comparisons to explore anxiety scores in 
relation to G×E interactions. The simple effects analy-
sis revealed a significant simple effect of AD on anxi-
ety in G allele carriers (F(1,308) = 13.87, p < 0.001, η2p = 
0.04) but not in AA homozygote carriers (F(1,308) = 0.65, 
p = 0.42, η2p < 0.01). Moreover, the simple main effect 

Fig. 2  Interaction effects of OXT rs6133010 polymorphism and AD on hostility and anxiety in adult males
Note: The interaction effects between alcohol dependence (AD) and OXT rs6133010 genotypes (AA homozygote vs. G allele carriers) on hostility (left 
panel) and anxiety (right panel). Statistical analysis was conducted using two-factor ANOVA to test for interactions between AD status and genotype. The 
shaded areas represent 95% confidence intervals. F-statistics and partial eta squared (η²p) values are shown for each interaction effect. * p < 0.05
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of OXT rs6133010 was significant only in AD patients 
(F(1,308) = 11.17, p < 0.001, η2p = 0.04) and not in HCs 
(F(1,308) = 0.31, p = 0.58, η2p = 0.001). Multiple compari-
son results demonstrated that among AD individuals, 
OXT rs6133010 had a significant effect on anxiety, with 
G allele carriers (M = 35.87, SD = 8.31) displaying higher 
anxiety scores than AA homozygote carriers (M = 31.10, 
SD = 9.61) (t = 3.34, p < 0.001). In the HCs group, there 
were no differences in anxiety scores among the different 
gene subgroups (t = -0.55, p = 0.58) (Fig.  2). Consistent 
with the pattern observed for hostility, the interaction 
between AD and OXT rs6133010 on anxiety aligns with 
the diathesis-stress model, suggesting that the G allele 
can be considered a risk allele, and its carriers experience 
more anxiety in stressful situations.

Path analysis
In the aforementioned results, the interaction between 
OXT and alcohol dependence displayed a similar pattern 
in relation to hostility and anxiety, both aligning with 
the diathesis-stress model. Specifically, G allele carri-
ers exhibited greater vulnerability in stressful situations. 
However, it remains unresolved whether the interaction 
effects between AD and OXT on hostility and anxiety are 
independent or potentially related. Therefore, we con-
ducted a path analysis.

Two regression models were constructed and esti-
mated. As presented in Table  5; Fig.  3, OXT rs6133010 
exhibited a significant interaction with AD on hostil-
ity (β = 0.58, se = 0.24, t = 2.44, p < 0.05), and hostility 

demonstrated a significant association with anxiety 
(β = 0.35, se = 0.06, t = 6.24, p < 0.001). However, after con-
sidering the mediating role of hostility, the interaction 
between OXT rs6133010 and AD did not show a signifi-
cant effect on anxiety (β = 0.42, se = 0.23, t = 1.81, p = 0.07). 
Thus, the interaction between OXT and AD exclusively 
occurs in the context of hostility, which serves as a signif-
icant positive predictor of anxiety. This finding suggests 
that the potential mechanism by which OXT modulates 
anxiety in individuals with alcohol dependence may be 
through the modulation of hostility.

Discussion
This study aimed to investigate whether the OXT 
rs6133010 genetic polymorphism can influence the onset 
of psychiatric symptoms in Chinese male AD patients. 
In the following sections, we will first discuss the spe-
cific interaction effect between OXT rs6133010, AD, 
and psychiatric symptoms to determine the role of OXT 
rs6133010 in aggression and mood disorders among AD 
patients. We will then explore the contextual impor-
tance of oxytocin modulation of psychiatric symptoms, 
focusing on how OXT rs6133010 variation moderates 
vulnerability in the presence of AD. Notably, in healthy 
individuals, different genotypes of OXT rs6133010 
showed no variations in aggression and mood disorders. 
Furthermore, we will discuss the mechanism through 
which OXT influences psychiatric symptoms, highlight-
ing its potential to modulate anxiety by affecting hostil-
ity in individuals with alcohol dependence. In conclusion, 

Table 4  Two-way ANOVA results for mood disorders (anxiety and depression) by alcohol dependence and OXT rs6133010 genotype
Parameter Factor SS df MS F p η2p
Anxiety AD 11.30 1 11.30 12.16 0.001 0.04

Rs6133010 2.62 1 2.62 2.82 0.09 0.01
Interaction 5.98 1 5.98 6.44 0.01 0.02
Residual 286.04 308 0.93

Depression AD 0.13 1 0.13 0.13 0.72 < 0.001
Rs6133010 1.44 1 1.44 1.44 0.23 0.01
Interaction 0.02 1 0.02 0.02 0.89 < 0.001
Residual 308.69 308 1.00

Note: AD: alcohol dependence; Interaction: AD × rs6133010; SS: Sum of Squares; df: Degrees of Freedom; MS: Mean Square; F: F-statistic; η²p: Partial Eta Squared. *p < 
0.05;**p < 0.01;***p < 0.001

Table 5  Moderated mediation analysis of the relationship between alcohol dependence, OXT rs6133010 genotype, hostility, and 
anxiety
Predictors Model1 (Hostility) Model2 (Anxiety)

β t 95% CI β t 95% CI
AD 0.37 2.66** [0.10, 0.65] -0.01 -0.09 [-0.24, 0.08]
OXT rs6133010 -0.06 -0.36 [-0.42, 0.30] -0.08 -0.47 [-0.44, 0.27]
Interaction 0.58 2.44* [0.11, 1.04] 0.42 1.81 [-0.04, 0.89]
Hostility 0.35 6.24*** [0.24, 0.46]
R2 0.15 0.18
F 17.61 17.30
Note: AD: alcohol dependence; Interaction: AD × rs6133010; β: standardized regression coefficient; 95% CI: 95% confidence interval; *p < 0.05;**p < 0.01;***p < 0.001
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this study revealed that the OXT rs6133010 variant influ-
ences individual susceptibility to psychiatric symptoms, 
with the AA genotype appearing to provide protection by 
reducing anxiety and hostility compared to the G allele. 
Importantly, this regulatory effect of OXT rs6133010 was 
observed only in AD populations, underscoring the sig-
nificance of environmental and disorder-specific contexts 
in influencing the function of the oxytocin system.

The first major finding of our study was that OXT has 
a modulating effect on psychiatric symptoms in male AD 
patients. Specifically, the OXT rs6133010 gene polymor-
phism modulates hostility and anxiety in males with AD. 
The AA homozygous genotype of OXT rs6133010 serves 
as a protective factor against aggression and mood disor-
ders in AD patients, as carriers of this genotype exhibit 
lower and more stable levels of hostility and anxiety 
with benefit more from standard withdrawal protocols. 
Conversely, G allele carriers may require more inten-
sive monitoring and targeted interventions during with-
drawal, given their increased vulnerability to hostility 
and anxiety symptoms. The OXT rs6133010 variation 
influences hostility specifically, while its effects on other 
forms of aggression appear to be limited. This suggests 
that the effects of OXT on aggression may be domain-
specific and not universally applicable. Although previ-
ous reports have extensively linked OXT and aggression, 
the results have not been straightforward [41, 42, 43]. 
Ne’eman, in particular, has suggested that oxytocin pri-
marily alters the cognitive salience of social stimuli, 
leading to increased prosocial behavior and decreased 
aggressive behavior [44]. Another study has shown that 
oxytocin may modulate cognitive processes by primar-
ily affecting lower brain mechanisms [45]. Furthermore, 
the OXT rs6133010 genotype has been associated with 

the recognition of angry faces, which is part of the cog-
nitive processing involved [20]. Our finding that OXT 
rs6133010 moderates hostility but not physical aggres-
sion aligns with research indicating that oxytocin acts on 
lower brain mechanisms involved in cognitive and emo-
tional regulation. From a clinical perspective, genotyping 
for OXT rs6133010 could potentially be used as a predic-
tive tool to identify patients who may be at higher risk for 
experiencing severe hostility and anxiety symptoms dur-
ing alcohol withdrawal. This information could guide cli-
nicians in developing personalized treatment plans, with 
G allele carriers potentially benefiting from more inten-
sive psychological support or pharmacological interven-
tions to manage these symptoms. Future research could 
explore the development of targeted oxytocin-based 
therapies for AD patients with the G allele, aimed at miti-
gating hostility and anxiety during withdrawal.

The second interesting finding of this study is that oxy-
tocin modulation requires a priming condition, such as 
alcohol dependence, highlighting the importance of envi-
ronmental context for the functioning of the oxytocin 
system. Oxytocin can act as a stress hormone, with its 
secretion increasing under physiological or psychologi-
cal stress, and alcohol withdrawal involves dysregulation 
of the stress system [46], potentially priming the release 
of oxytocin. Over the past decade, both animal research 
and human studies have reported prosocial effects of 
oxytocin, although the relationships observed have often 
been weak or inconsistent [47, 48, 49]. More impor-
tantly, many studies that have reported no significant 
main effects have found effects through interactions with 
task or stimulus variables [50, 51]. This suggests that the 
more appropriate question is not “Can oxytocin modu-
late social cognition?” but rather “In what context does 

Fig. 3  Results of the path analysis with standardized estimates
Note: AD: alcohol dependence; OXT: OXT rs6133010. The diagram presents the results of the path analysis with standardized path coefficients with stan-
dard errors in parentheses. Solid lines indicate significant paths, and dashed lines indicate non-significant paths. * p < 0.05; *** p < 0.001
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oxytocin modulate social cognition?”. Our findings sup-
port an interactionist model proposing that the prosocial 
or regulatory effects of oxytocin depend on individual 
and environmental factors. The results of this study dem-
onstrate that the regulatory effect of oxytocin occurs only 
in the context of alcohol dependence. In healthy individ-
uals, there are no differences in aggression and mood dis-
orders based on different genotypes of OXT rs6133010. 
The functioning of the oxytocin system may be highly 
sensitive to environmental demands, affecting emotional, 
cognitive, or social processes only under conditions of 
impaired stress regulation or elevated distress [52, 53]. 
Therefore, in this study, alcohol dependence served as 
the triggering factor for the action of oxytocin. In the 
healthy group, oxytocin did not significantly modulate 
aggression and mood disturbances, further suggesting 
that the modulating effect of oxytocin requires a specific 
context, such as an environment with associated stresses. 
This result provides important insights for understanding 
previous inconsistent results on oxytocin. For example, 
while oxytocin improves performance in social empathy 
experiments for individuals with a high autism spectrum 
quotient, it has no effect on empathic accuracy for indi-
viduals who are more socially proficient [49]. The likely 
reason is that the high autism spectrum quotient itself in 
social empathy experiments serves as a pressure context.

The third finding of this study is related to the anxio-
lytic mechanism of action of oxytocin. Pathway analysis 
suggests that the interaction of OXT rs6133010 on hos-
tility and anxiety may be potentially relevant. Oxytocin 
may modulate anxiety by influencing hostility in alco-
hol-dependent individuals. Hostility has previously been 
linked to anxiety, as higher levels of hostile attribution 
bias or interpreting others’ actions from a hostile per-
spective are likely to increase anxiety [54, 55, 56]. In turn, 
individuals with anxiety are more prone to misinterpret-
ing others’ behaviors as being hostile [54]. Interestingly, 
the literature reports that oxytocin reduces anxiety symp-
toms, particularly in studies focusing on social anxiety 
or anxiety related to social relationships, but the results 
regarding trait anxiety are mixed. Specifically, oxyto-
cin did not play a role in the stress response exhibited 
by Wistar rats bred for high anxiety behavior [57]. Mice 
with the oxytocin gene deleted exhibited higher corticos-
terone levels than wild-type mice under psychological 
stress (such as acutely inserting a rectal probe); however, 
this phenomenon was not observed under physiological 
stressors (such as insulin-induced hypoglycemia) [58]. 
These findings indicate that oxytocin may not directly 
act as an anxiolytic. Similarly, Engelmann et al.. reported 
that the role of oxytocin in aggressive encounters may be 
more related to the stress response to this type of social 
interaction rather than a direct effect on aggression [59]. 
Our study suggests that the anxiolytic effects of oxytocin 

may occur through the reduction of hostile cognition in 
response to environmental cues and threatening stimuli. 
This finding is consistent with basic research results from 
rodents, which indicate that the perception of threaten-
ing stimuli increases oxytocin release and that the acti-
vation of the oxytocin system regulates behavioral and 
physiological manifestations of anxiety [60].

Limitations
The present study revealed several interesting find-
ings that contribute to the current understanding of the 
effect of OXT on psychiatric symptoms in the context of 
alcohol dependence. However, there are limitations to 
our study that should be acknowledged. First, our study 
was cross-sectional in nature, which limits our ability to 
establish cause-and-effect relationships between alcohol 
dependence and various psychiatric symptoms. Second, 
the sample size after PSM was relatively small, which 
may have reduced the statistical power of our analysis. 
Third, our sample was restricted to Chinese Han males, 
which constrains the generalizability of our findings. 
This demographic homogeneity, while methodologically 
advantageous for controlling potential confounders, pre-
cludes analysis of potential gender differences in genetic 
susceptibility to withdrawal symptoms and limits extrap-
olation to other ethnic populations. Due to research 
funding limitations, only one SNP of OXT was selected 
for genotyping and subsequent data analysis. Finally, we 
did not investigate the actual effects of OXT rs6133010 
on oxytocin expression levels using molecular biology 
methods. Future studies should incorporate larger and 
more diverse sample sizes, analyze additional genetic 
variants of interest, and employ molecular biology 
techniques to elucidate the relationship between OXT 
rs6133010 and oxytocin expression levels. In particular, 
multi-gene combinations and integration with biologi-
cal sample detection, such as oxytocin levels in plasma or 
cerebrospinal fluid, could provide a more comprehensive 
understanding of the genetic and biological mechanisms 
underlying psychiatric symptoms in alcohol dependence. 
Additionally, future research should account for poten-
tial confounding factors, such as smoking and other life-
style variables, to provide a more robust and nuanced 
understanding of the gene-environmental interactions 
involved.

Conclusion
This study provides novel evidence for the role of genetic 
variation in OXT in modulating psychiatric symptoms 
during alcohol withdrawal. Our findings demonstrate 
that the OXT rs6133010 polymorphism significantly 
influences symptom severity specifically in the context of 
AD, with the AA homozygous genotype conferring pro-
tection against both anxiety and hostility symptoms. The 
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regulatory effect of OXT rs6133010 was context-depen-
dent, manifesting specifically during alcohol withdrawal 
rather than in healthy conditions, which highlights the 
importance of considering environmental factors when 
studying oxytocin system function in psychiatric condi-
tions. Additionally, the path analysis reveals that OXT’s 
influence on anxiety may be mediated through its effects 
on hostility, suggesting a hierarchical organization of 
symptom regulation. This finding provides new insights 
into the mechanistic pathway through which oxyto-
cin modulates emotional responses during withdrawal. 
Importantly, the identification of the AA genotype as a 
protective factor against withdrawal-related psychiatric 
symptoms has potential implications for personalized 
treatment approaches, as this genetic variation might 
serve as a biomarker for predicting symptom sever-
ity and tailoring interventions accordingly. These find-
ings advance our understanding of the genetic factors 
influencing withdrawal symptom variability and suggest 
potential pathways for developing targeted therapeutic 
strategies in alcohol dependence treatment.
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