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analysis of the eligible studies.

95% CI[0.71,2.09], P=048).

ture and can serve as a guide for further research.

Background Depression is a common psychiatric disorder that negatively affects mood and thoughts. Association
studies of OXTR polymorphisms with depression have been performed repeatedly. However, the results of these stud-
ies were inconsistent. The aim of the present study was to perform a meta-analysis of case—control studies that have
investigated the relationship between the OXTR polymorphism (rs53576) and depression risk.

Methods Four databases, PubMed, ScienceDirect, Springer Link, and Google Scholar, were searched, and a total
of 10 studies were involved in the meta-analysis. ReviewManager (RevMan) 5.4 software was used to perform a meta-

Results A significant association between OXTR rs53576 and depression was found in the recessive model (Odds
Ratio (OR) AA vs. AG+GG=1.28, 95% Confidence Interval (Cl) [1.02-1.59], P=0.03), while there was no association
with the other two genetic models (dominant model: OR AA+AG vs. GG=1.01, 95% Cl [0.87-1.18], P=0.87; allelic
model: OR A vs. G=0.95, 95% CI [0.83-1.09], P=0.46). A significant association was observed in the Caucasian popula-
tions (OR 1.29,95% CI [1.01, 1.64], P=0.04), while the Asian populations showed no significant association (OR 1.22,

Conclusions This meta-analysis is to date the first to provide a comprehensive investigation of the association
of the OXTR rs53576 polymorphism with depression, and its results reflect the data currently available from the litera-
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Background

Depression is a common mental disorder and a leading
cause of disability. According to World Health Organiza-
tion (WHO), about 1 billion people have mental disor-
ders and over 300 million people suffer from depression
worldwide [3]. In the first year of the COVID-19 epi-
demic, the prevalence of anxiety increased by 25%.
Depressive psychopathology was identified in around
35% of patients following infection with the Severe Acute
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Respiratory Syndrome Coronavirus-2 (SARS-CoV-2)
[27]. Scientists suggested that the significant increase
could be a result of many factors, including fear of infec-
tion, financial worries, and social isolation during the
pandemic.

Depression is assumed to be caused by the interplay of
hereditary and external factors [15, 35]. Genetic factors
have been frequently reported to play a significant role in
the development of depression [1, 26].

Several genes’ potential roles in the development of
depression have been assessed in recent years. The most
studied genes were oxytocin OXT and oxytocin receptor
gene OXTR.

Oxytocin is a neuropeptide produced by the hypo-
thalamus and well-known as a key regulator of human
behavior and psychology. The role of oxytocin in social
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integration, aggression, and antisocial behavior, has been
the subject of several studies in recent years [6]. Oxytocin
exerts its effects via the oxytocin receptor (OXTR) [21].

OXTR is a G-protein-coupled receptor (GPCR), mostly
expressed in the brain but also present in other body tis-
sues, and has been proven to be involved in the develop-
ment of social skills [38]. This prompted researchers to
examine the OXTR gene as a prospective candidate for
depression susceptibility.

The OXTR single nucleotide polymorphisms (SNPs)
have been associated with human mental health issues
[5]. The most studied SNP of OXTR so far is (rs53576)
(G/A) in the third intron [19]. This polymorphism has
been considered to be associated with human social and
emotional behavior due to its potential modulatory effect
on oxytocin-dopamine interactions [8]. Studying the
influence of OXTR rs53576 on general behavior has been
the subject of several studies to evaluate its role as a pos-
sible genetic marker for psychiatric disorders [24].

The aim of this study was to perform a meta-analysis
of case—control studies that have investigated the asso-
ciation between the OXTR polymorphism (rs53576) and
depression risk. Furthermore, subgroup analysis based
on ethnicity was conducted to evaluate the association
of this polymorphism with depression in Caucasian and
Asian populations.

Methods

Study strategies

Meta-analysis was carried out according to PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [28]. Four databases (Pub-
Med, ScienceDirect, Springer Link, and Google Scholar)
were searched for case—control studies published in Eng-
lish up to January 2021 that investigated the association
of OXTR rs53576 with depression risk in humans. The
following keywords were used in the systematic search
(“OXTR or oxytocin receptor’; “Polymorphism or genetic

variations’, “rs53576’ and “depression”).

Inclusion and exclusion criteria

Included studies had to meet the following criteria: 1)
Published case—control studies involving human sub-
jects; 2) Availability of data to calculate Odds Ratio (OR)
with confidence interval (CI); and 3) Study the asso-
ciation between OXTR (rs53576) polymorphism and
depression.

Exclusion criteria: 1) Reviews, meta-analyses, animal
studies, duplication; 2) Irrelevant studies (investigated
other diseases or other polymorphisms); and 3) Studies
without sufficient information (genotype frequencies,
controls).
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Data extraction

For each included study, the following data were
extracted: 1) First author’s surname 2) Year of publica-
tion 3) Country of origin 4) Sample size (case / control)
5) Genotyping data for cases and controls.

Assessment of quality of included studies

The quality of the included studies was evaluated using
the Newcastle-Ottawa Quality Assessment Form for
Case—Control Studies. The results of the quality evalu-
ation were considerable, with a minimum score of 8,
which indicates the high quality of included studies.

Statistical analysis

RevMan 5.4 (Cochrane Collaboration, London, UK)
software was used to perform a meta-analysis of the
eligible studies. The association between the OXTR
(rs53576) polymorphism and depression risk was eval-
uated by OR with 95% CI in accordance with dominant
and recessive inheritance models. Significant difference
was considered when P<0.05. Heterogeneity between
studies was evaluated by a chi’*-based Cochran Q test
and quantified with the I? statistic (P<0.05 or I?>50%
indicated significant heterogeneity). For lower hetero-
geneity values, Fixed-effect model was used to calculate
ORs and 95% Cls. Subgroup analysis was conducted on
ethnicity of Caucasian and Asian populations. A sensi-
tivity analysis was performed by sequentially excluding
one study at a time. Publication bias was investigated
using Begg’s funnel plots.

Results

Characteristics of included studies

The flow chart of studies’ selection and the reasons
for exclusion are presented in Fig. 1. 162 articles were
identified through database searching based on the
keywords, 136 of these were excluded for the follow-
ing reasons: 27 irrelevant articles, 38 duplicates, 24
reviews, 16 meta-analyses, 28 cohort studies, and 3 ani-
mal studies. The 26 remaining articles were assessed for
eligibility. Of these, 16 articles were excluded for lack
of sufficient information. A total of 10 eligible articles
were included in the meta-analysis. An article studied
two types of depression, and both types were consid-
ered separately.

The included studies were carried out in the Nether-
lands [33, 34], Republic of Korea [29], Poland [40], USA
[4], Italy [11, 12], Australia [36], Canada [7], and Malay-
sia [23].
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In all 10 included studies, total cases were 1847 and
controls were 3673. The main characteristics of the

included studies are shown in Table 1.
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162 articles, identified

through database searching.

Meta-analysis
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The main results of meta-analysis and the heterogeneity

test are presented in Table 2.

136 articles excluded:
¢ irrelevant articles =27
* Duplicates =38

26 remaining full-text articles
assessed for eligibility.

10 eligible articles included in meta-

analysis.

Fig. 1 PRISMA Flow chart of study selection

Table 1 Main characteristics of included studies in meta-analysis

* Review articles =24
* Meta-analyses = 16

¢ Cohort studies = 28

¢ Animal studies =3

studies without sufficient information = 16

First author Year Country Diagnosis Cases (N) Control (N) HWE P-value”

Smarius 2019 Netherlands Aggression/depression 102 864 0.52

Na 2018 Republic of Korea Major depressive disorder (MDD) 47 30 0.993

Smarius 2020 Netherlands Aggression/depression 103 866 0.52

Wasilewska 2016 Poland Depression 823 362 >05

Bell 2015 USA Postpartum depression (PPD) 269 276 0.54

Costa 2017 Italy Depression 188 225 0.222

Thompson 2014 Australia Maternal depression 65 376 0.784

Costa 2009 Italy Unipolar depression 93 192 0.2

Costa 2009 Italy Bipolar depression 92 192 0.2

Chagnon 2015 Canada Anxiety/depression 19 24 -

Lee 2019 Malaysia Depression 46 266 0.68

" HWE Hardy-Weinberg equilibrium (all p values are >0.05 and thus all controls are in accordance with HWE)

Table 2 The association between OXTR polymorphism (rs53576) and depression risk

Genetic models Number of studies  Test of association Test of heterogeneity
OR 95% Cl P-value P-value 12 (%)

Dominant 10 1.01 [0.87-1.18] 0.87 0.06 44

(AA+AG vs. GG)

Recessive 9 1.28 [1.02-1.59] 0.03 0.96 0

(AA vs. AG+GG)

Allelic 8 0.95 [0.83-1.09] 0.46 0.13 37

(Avs. G)
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According to the meta-analysis results, OXTR poly-
morphism (rs53576) has no significant association with
depression in both allelic (Table 2, Fig. 2a) and dominant

(Table 2, Fig. 2b) models.

The recessive model, on the other hand, shows sig-
nificant association with the depression risk (Table 2,
Fig. 2¢) in both fixed effect (OR 1.28, 95% CI [1.02-1.59],
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P=0.03) and random effect (OR 1.29, 95% CI[1.04—1.60],
P=0.02) models.
There is no significant heterogeneity in the studied

models (Dominant: 12=44%, p=0.06, Recessive: I>=0%,

p=0.96, Allelic: I*=37%, p=0.13) (Table 2).
Begg’s funnel plot was used to estimate the publication
bias of the included articles. The funnel plots of all the

Cases Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI a

Costa 2008 unipolar 115 184 254 384 13.7% 0.85(0.59,1.23] 2009 -

Costa 2008 bipolar 135 186 254 384 101% 1.35[0.92,1.99] 2009 ™

Chagnon 2015 23 38 29 48 22% 1.00[0.42,2.40] 2015 I m—

Costa 2017 256 376 285 450 18.4% 1.24[0.92,1.65] 2017 ™

Na 2018 34 94 22 60 3.8% 0.98[0.50,1.92] 2018 -

Lee 2019 36 92 266 532 106% 0.64[0.41,1.01] 2019 -]

Smarius 2019 126 204 1138 1728 20.4% 0.84[0.62,1.13] 2019 -

Smarius 2020 127 206 1144 1732 207% 0.83[0.61,1.11] 2020 —=r

Total (95% ClI) 1380 5318 100.0%  0.95[0.83, 1.09] 4

Total events 852 3392

Heterogeneity: Chif=11.17, df=7 (P=0.13); F=37% I + t |

Test for overall effect. Z=0.74 (P = 0.46) 6.1 a1 [case] [control] L 100
Cases Control Odds Ratio Odds Ratio b

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI

Costa 2008 unipolar 57 92 112 192 87% 1.16[0.70,1.94] 2009 =T

Costa 2008 bipolar 41 93 112 192 12.9% 0.56 [0.34,0.83] 2009 ——

Thompson 2014 41 65 208 376 7.2% 1.38(0.80,2.38] 2014 =

Bell 2015 140 269 139 276 20.8% 1.07 [0.76,1.50] 2015 ==

Chagnon 2015 12 19 15 24 15% 1.03[0.30,3.57] 2015 —

Costa 2017 98 188 139 225 191% 0.67[0.45,1.00] 2017 —

Na 2018 41 47 26 30 1.3% 1.05[0.27,4.08] 2018 .

Lee 2019 40 46 180 266 2.3% 267 [1.08,6.55] 2019

Smarius 2019 62 102 501 864 131% 1.12[0.74,1.71] 2019 T

Smarius 2020 63 103 500 866 13.0% 1.15[0.76,1.75] 2020 T

Total (95% Cl) 1024 3311 100.0% 1.01[0.87, 1.18] ¢

Total events 595 1942

Heterogeneity: Chi*=16.13, df= 9 (P = 0.06); F= 44% b t t i

Test for overall effect. Z=0.16 (P = 0.87) oo 01 [cases] [control] 10 100
Cases Control Odds Ratio Odds Ratio c

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI

Costa 2009 unipolar 12 92 18 192  7.3% 1.45([0.67,3.15] 2009 T

Costa 2008 bipolar 10 93 18 192  76% 1.16[0.51, 2.63] 2009 i

Chagnon 2015 3 19 4 24 22% 0.94[0.18,4.81] 2015 —

Wasilewska 2016 82 823 31 362 28.0% 1.18[0.77,1.82] 2016 -

Costa 2017 22 188 26 225 151% 1.01[0.55,1.86] 2017 i

Na 2018 19 47 12 30 6.3% 1.02[0.40,2.59] 2018 —p—

Lee 2019 16 46 76 266 106% 1.33[0.69, 2.59] 2019 -T—

Smarius 2019 16 102 89 864 11.5% 1.62[0.91,2.88] 2019 T

Smarius 2020 16 103 88 866 11.4% 1.63[0.91,2.90] 2020 T

Total (95% ClI) 1513 3021 100.0% 1.28[1.02, 1.59] &3

Total events 196 362

7 g = - — - ! i i 1
Heterogeneity: Chi*= 2.54, df=8 (P = 0.96); F=0% .01 01 10 100

Test for overall effect. Z=2.17 (P=0.03)

[cases] [control]

Fig. 2 Forest plot of the association between OXTR polymorphism (rs53576) and depression risk in different models: a Allelic, b Dominant, ¢

Recessive
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Fig. 3 Funnel plot of the association between OXTR polymorphism (rs53576) and depression risk in different models: a Allelic, b Dominant, ¢

Recessive
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studied models do not show evidence of publication bias
(Fig. 3).

Subgroup analysis

In all 9 included studies in the recessive model, 7 stud-
ies were from Caucasian and 2 studies were from Asian
populations. A significant association between OXTR
polymorphism (rs53576) and depression risk is observed
in the Caucasian populations (OR=1.29, 95% CI [1.01,
1.64], p=0.04) (Fig. 4a), while the Asian populations
show no significant association (OR=1.22, 95% CI [0.71,
2.09], p=0.48) (Fig. 4b).

Discussion

The association between OXTR gene polymorphisms
and the various aspects of human disorders has gained
increased interest since the discovery of OXTR gene
structure [19]. These studies have evaluated the effect
of OXTR gene variations on early childhood behavior,
autism spectrum disorder (ASD), depression, anxiety,
alcohol abuse, attention deficit hyperactivity disorder
(ADHD), borderline personality disorder, and other social
and emotional traits [22]. The OXTR SNP rs53576 (G/A)
has been associated with the risk of comorbid depressive
and disruptive behavior disorders [2]. The association
between OXTR SNPs and alcohol abuse was evaluated
[10]. OXTR rs53576 had no association with the con-
sumption of alcohol in females, while the male A allele
carriers proved to be frequent consumers [37]. The same
SNP showed an interaction with childhood maltreatment
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in the prediction of borderline personality disorder (BPD)
[9]. Hovey and colleagues showed that OXTR SNPs
rs7632287 and rs4564970 are significantly associated
with antisocial behavior in boys [18]. Several studies have
examined the association between OXTR polymorphisms
and autism spectrum disorder (ASD) and identified dif-
ferences in the OXTR genotype between ASD cases and
controls [22]. The association between OXTR SNPs and
ADHD phenotypes was identified among children with
ADHD [30]. Also, various studies have directly linked the
OXTR SNPs with social abilities and behavior [16].

Previous meta-analyses have examined the role of
OXTR polymorphisms in some of the above-mentioned
diseases. For example, a meta-analysis was performed to
evaluate the association of OXTR polymorphisms with
antisocial behavior [31]. Another analysis studied the
impact of OXTR rs53576 on empathy [14]. In addition,
Li and colleagues performed a meta-analysis and found a
positive association between OXTR rs53576 and general
sociality [24].

In the current meta-analysis, we used data from 10
studies, including 1847 cases and 3673 controls, and
found a significant association of OXTR SNP rs53576
(G/A) with depression in the recessive model, with
no association in dominant or allelic models. This
suggests that the existence of one (A) allele is not
enough to alter the depression risk. According to
the meta-analysis results, only people with homozy-
gote genotype (AA) are more susceptible to develop-
ing depressive symptoms in their lives. This result is

Cases Control Odds Ratio Odds Ratio a
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Costa 2008 unipolar 12 92 18 192 88% 1.45(0.67,3.15] 2009 =) e
Costa 2008 bipolar 10 93 18 1982 91% 1.16[0.51,2.63] 2009 T ETR
Chagnon 2015 3 19 4 24 2.6% 0.94[0.18,4.81] 2015 . R
Wasilewska 2016 82 823 31 362 33.7% 1.18(0.77,1.82] 2016
Costa 2017 22 188 26 225 18.2% 1.01[0.55,1.86] 2017 s T
Smarius 2019 16 102 89 864 138% 1.62(0.91,2.88] 2019 ==
Smarius 2020 16 103 88 866 13.8% 1.63(0.91,2.80] 2020 )
L\ 4

Total (95% CI) 1420
Total events 161 274
Heterogeneity: Chi*= 2.28, df=6 (P = 0.89), F=0%

2725 100.0%

1.29[1.01, 1.64]

I 1 I Il
r T T

Test for overall effect: Z= 2.06 (P = 0.04) o ol [case] [control] L 1
Cases Control Odds Ratio Odds Ratio b

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI|

Na 2018 19 47 12 30 37.4% 1.02[0.40, 2.59]

Lee 2019 16 46 76 266 626% 1.33[0.69, 2.59]

Total (95% Cl) 93 296 100.0%  1.22[0.71,2.09]

Total events 35 88

Heterogeneity: Chi*=0.21, df=1 (P = 0.64); F=0%
Test for overall effect. Z=0.70 (P = 0.48)

0.01 01 1 10 100
[case] [control]

Fig. 4 Forest plot of the association between OXTR polymorphism (rs53576) and depression risk in different populations: a Caucasian, b Asian
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consistent with the findings of the previous studies
that have shown associations between the SNP rs53576
and psychological traits, with most of them concluding
that (A) allele carriers have an increased sensitivity to
stress and negative mental health issues compared to
the carriers of the homozygote GG genotype [32].

We also performed a subgroup analysis based on
ethnicity and showed a significant association between
the studied polymorphism and depression risk in
the Caucasian population. However, the Asian sub-
group has shown no such association. At this point,
we should mention that the rs53576 allele frequencies
significantly differ among ethnic groups. (A) allele is a
minor allele for Europeans, while it’s the opposite for
East Asians. This indicates the importance of ethnic
homogeneity regarding this polymorphism [40].

This meta-analysis had several strengths. To the
best of our knowledge, this meta-analysis is the first
to examine the association of OXTR SNP rs53576 with
depression risk and to evaluate its impact in different
ethnic subgroups. In addition, there was no significant
heterogeneity in all the used models (P>0.05). More-
over, the clear inclusion and exclusion criteria pre-
sented in this study strictly ensured the relevance of
the included articles and therefore reduced selection
bias.

However, several limitations should be mentioned.
The number of included studies is considered relatively
low, which means that the obtained results reflect the
current available data from the literature and can serve
as a guide for further research without necessarily pro-
viding definitive facts about the impact of the studied
SNP. Furthermore, the authors of some of the included
articles had conducted their research on a small sample
size [7, 29], and having a proper sample size is crucial
to avoiding false negative results [17]. In addition, the
mechanisms related to oxytocin are sex-dependent [13]
and the proportion between males and females should
be balanced.

Recently emerging data indicates that the COVID-
19 outbreak caused a global significant increase in
the prevalence of mental health disorders, including
depression and anxiety, due to the governmental imple-
mented measures of self-isolation and social distanc-
ing [20, 25]. Scientists suggested that oxytocin could
be a strong candidate to relieve social stress amid the
pandemic, based on its role in promoting homeostasis,
suppressing inflammation, and accelerating damage
repair [39]. This draws attention to the importance of
studying the association of OXTR SNPs with other dis-
eases, such as COVID-19 and other infections’ severity,
besides focusing solely on their impact on the psycho-
logical disorders.
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Conclusion

The performed meta-analysis indicated an overall asso-
ciation of OXTR SNP rs53576 with increased depres-
sion risk in the recessive model of inheritance. Further
subgroup analysis confirmed this association in Cauca-
sians, while it was not significant in Asian populations.
This suggests that the studied polymorphism has an
ethnicity-dependent effect. Considering the diversity
of the included studies in terms of sample size, gen-
der balance, and ethnicity, further research is needed
to better understand the effect of OXTR rs53576 on
depression risk.
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