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ARTICLE INFO ABSTRACT

Keywords: The oxytocin system is involved in psychological functions and interacts with biological systems that are altered
Oxytocin in patients suffering from depressive disorders. This suggests a possible role of oxytocin in the development and
Depression maintenance of depression. We provide the first systematic review and meta-analysis that specifically addresses

Depressive disorder
Systematic review
Meta-analysis

differences in basal endogenous oxytocin concentrations between patients with depressive disorders and healthy
controls.

A systematic literature search was conducted to identify studies that measured basal endogenous oxytocin
concentrations in depressive patients and healthy controls. We included k = 13 studies (n = 368 patients and
n = 346 healthy controls) in the qualitative review and k = 9 studies (n = 273 patients and n = 273 healthy
controls) in the meta-analytic procedure.

Standardized mean group differences were non-significant (g = —0.02, CI = [ —0.41; 0.36]), indicating that
depressive patients and healthy controls did not differ in basal endogenous oxytocin concentrations. The overall
effect was heterogeneous. Effects within studies showing comparable risks of biases, as rated according to the
Newcastle-Ottawa Quality Assessment Scale, were non-significant as well, but homogeneous.

The findings suggest that more complex research designs and methodological approaches should be employed
to detect and understand a possible role of the oxytocin system in depressive disorders. We provide re-
commendations for subsequent promising study designs, involving the consideration of illness phase, co-
morbidities and correlations with psychological functions or symptoms. We point out the strengths of reactivity
designs and multidimensional measurement approaches and recommend to linking future research questions to

theories of depression.

1. Introduction

Depressive disorders are characterized by affective symptoms such
as depressed mood, loss of interest and enjoyment, reduced energy,
increased fatiguability, and diminished activity (American Psychiatric
Association, 2013). They are complex disorders, as they comprise var-
ious subtypes, characterized by co-occuring symptoms and chronicity,
and are often accompanied by comorbidities. Furthermore, depressive
disorders are influenced by multiple psychological, social and biolo-
gical factors (Kendler et al., 2006, 2002) which has implications for
their treatment. Besides the key symptoms, depressive patients often
experience impairments in other psychological domains that are re-
levant for everyday life functioning, such as social behavior or stress
regulation. Since oxytocin influences these domains, it appears inter-
esting to investigate it as a possible biomarker for depression.

* Corresponding author.

1.1. The physiological basis of the oxytocin system

The neuropeptide oxytocin is synthesized in magnocellular neurons
of the paraventricular and supraoptic nuclei and in parvocellular neu-
rons of the paraventricular nucleus of the hypothalamus (Meyer-
Lindenberg et al., 2011). Its neurotransmissive and neuromodulatoty
actions are an essential part of the hypothalamo-neurohypophysial
system (Neumann, 2008). Through both, diffuse dendritic release and
targeted neuronal projections, oxytocin exerts its central impact,
mediated by function of its receptors (Meyer-Lindenberg et al., 2011;
Neumann, 2008). Oxytocin’s target brain regions are the amygdala,
hippocampus, striatum, suprachiasmatic nucleus, bed nucleus of stria
terminalis and brainstem (Landgraf and Neumann, 2004; Meyer-
Lindenberg et al., 2011). In addition to its central distribution, oxytocin
is released from the neurohypophysial terminal into the bloodstream
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(Neumann, 2008). Peripheral oxytocin receptors have been identified in
the reproductive organs, mammary tissue, kidney, heart, thymus, fat
cells, pancreas and adrenal gland (Gimpl and Fahrenholz, 2001). Most
knowledge about oxytocin’s functions has been derived from animal
studies (Gimpl and Fahrenholz, 2001), as they provide a large variety of
complementary methods to examine the behavioral effects of exo-
genous oxytocin administration or endogenous oxytocin availability.
Approaches range from intracerebroventricular administration of syn-
thetic oxytocin or selective oxytocin receptor antagonists, over trans-
genic or gene knockout models, to virally mediated gene transfer or
administration of antisense oligodeoxynucleotides (Neumann, 2008).
However, in humans, the number of methods to investigate the phy-
siological or psychological consequences of oxytocin is more limited.
Unlike intravenous administration approaches, intranasally adminis-
tered neuropeptides were shown to cross the blood-brain barrier (Born
et al.,, 2002). By this means, behavioral consequences of artificially
increased central oxytocin availability can be measured. This approach
has most frequently been used to assess oxytocin’s functions in humans.
It is particularly convenient for laboratory settings. Beyond that, it is
possible to correlate endogenous oxytocin concentrations to physiolo-
gical or psychological functions. This approach encompasses both,
central and peripheral pathways. Central concentrations can be derived
from cerebrospinal fluid, whereas peripheral ones can be measured in
blood plasma, blood serum, saliva, or urine (Feldman, 2012). En-
dogenous oxytocin concentrations have frequently been assessed to
investigate possible neuroendocrine dysregulations in the context of
mental disorders (Rutigliano et al., 2016). As oxytocin’s impact also
depends on receptor function, it is reasonable to combine endogenous
measurements with measures of oxytocin receptor gene variation or
methylation (Meyer-Lindenberg et al., 2011).

1.2. Oxytocin’s impact on depression-related psychological and
physiological functions

1.2.1. Oxytocin and social behaviors

These approaches have complementarily been applied in order to
understand oxytocin’s impact on psychological functions, such as social
behaviors or stress regulation. Studies demonstrated that oxytocin
regulates a range of distinct behaviors that, in general, can be described
as prosocial. It has been shown to increase willingness to bind, interact
and cooperate with others (for overview articles, see Heinrichs et al.,
2009; Meyer-Lindenberg et al., 2011). Specifically, experimental stu-
dies that intranasally administered oxytocin or a placebo to healthy
humans indicated that oxytocin promotes initial trust (Kosfeld et al.,
2005; Mikolajczak et al., 2010a,b; Theodoridou et al., 2009) and trust
after betrayal (Baumgartner et al., 2008), perceived attractiveness of
faces (Theodoridou et al., 2009), positive communication behavior
(Ditzen et al., 2009) and parochial altruism (de Dreu et al., 2010).
Moreover, its key role in attachment between parent and child, af-
filiative and romantic partners, has been extensively studied by means
of various complementary approaches comprising endogenous mea-
surements, molecular genetic and intranasal administration approaches
(for an overview article, see Feldman, 2012). These effects are assumed
to be mediated by oxytocin-induced anxiety reduction, increase of so-
cial salience of situational cues and increase of affiliation motivation
(Bartz et al., 2011). However, they are also moderated by contextual
and interindividual factors, instead of being prosocial in general (Bartz
et al., 2011; OIff et al., 2013).

A possible link between the oxytocin system and depression can be
established as impairments in social behaviors play a role in the de-
velopment, maintenance and treatment of depressive disorders. With
regard to the development of depressive disorders, loneliness increases
the risk for depression (Cacioppo et al., 2006), whereas social support
protects against it (Gariépy et al., 2016). In manifest depressive dis-
orders, social withdrawal and decreased social skills represent promi-
nent symptoms (Tse and Bond, 2004). Furthermore, with regard to
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information processing, cognitive biases might lead depressed patients
to interpret social cues more pessimistically (Strunk and Adler, 2009).
The promotion of social functioning, by means of a restoration of social
contacts, relationships and behavioral skills, are targeted by psy-
chotherapeutic as well as pharmacological treatments (Franck et al.,
2016; Hirschfeld et al., 2000; Renner et al., 2014).

1.2.2. Oxytocin and stress regulation

Evidence from animal studies shows that social relationships influ-
ence hypothalamic-pituitary-adrenal axis regulation (Levine, 2001;
Ros-Simé6 and Valverde, 2012; Serra et al., 2005) Interestingly, altera-
tions of this neuroendocrine stress system represent a prominent finding
in depression, as well (Strawbridge et al., 2017). Specifically, depres-
sive disorders are characterized by hypercortisolism and an attenuated
cortisol awakening response with some evidence also pointing towards
depression-related elevations in corticotrophin-releasing hormone and
adrenocorticotropin hormone levels (Strawbridge et al., 2017). Pre-
sumably, this hyperactivated physiological stress system underlies high
subjective stress experiences in depressive patients.

Oxytocin is known to dampen both, subjective and physiological
stress. Intranasal oxytocin administration was shown to reduce re-
activity to psychosocial stress, as measured by salivary cortisol and a
psychological questionnaire (Ditzen et al., 2009; Heinrichs et al., 2003).
Meta-analytic evidence showed a positive correlation between en-
dogenous oxytocin and cortisol, suggesting that both hormones are
initially co-released in response to immediate stress (Brown et al.,
2016). Over time, however, oxytocin seems to reduce cortisol release,
as a significant decrease of cortisol levels after exogenous oxytocin
administration was reported in another meta-analysis (Cardoso et al.,
2014). This effect was especially high in clinical populations.

1.3. Current evidence for the role of oxytocin in depression

In conclusion, the oxytocin system is involved in psychological
functions that are impaired in depression and interconnected with their
biological correlates. Hence, it might be worthwhile to investigate if
alterations in the oxytocin system contribute to the development and
maintenance of depressive disorders. Several research groups have al-
ready compared basal endogenous oxytocin concentrations between
depressive patients and healthy controls and first attempts have been
made to systematically summarize their findings.

To date, four systematic reviews focused on this topic. Cochran et al.
(2013) provided a systematic overview of aberrations in parameters of
the oxytocin system in mental disorders, including a section on mood
disorders. McQuaid et al. (2014) developed a comprehensive rationale
of investigating the oxytocin system in depressive disorders, based on
empirical findings on interactions between the oxytocin system and
other biological systems that are relevant for depression. Massey et al.
(2016) summarized studies on the correlation between depressive
symptom severity and endogenous oxytocin concentrations. These three
reviews provided detailed overviews on their respective topics but are
merely descriptive and lack meta-analytic procedures. Rutigliano et al.
(2016), however, applied meta-analytic computations and provided
aggregated effect size estimates regarding differences in endogenous
oxytocin concentrations between patients with mental disorders and
healthy controls. However, they included only two studies investigating
these differences with regard to depressive disorders, specifically. No
overall effect of depression on oxytocin concentrations was found, but
the review clearly lacked a sufficient number of studies to draw robust
conclusions.

Addressing this research gap, the present review aimed at system-
atically summarizing studies that investigated differences in en-
dogenous oxytocin concentrations between patients with depressive
disorders and healthy controls. By focusing on depression instead of
general psychopathology, we aimed to extend preliminary findings
from previous reviews by identifying a sufficiently high number of
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studies to perform more robust meta-analytic comparisons.
1.4. Objectives

This is the first systematic review and meta-analysis with the par-
ticular focus of comparing endogenous oxytocin concentrations be-
tween patients with depressive disorders and healthy controls. We de-
fined our main structured review questions according to the PICOS
framework by the PRISMA group (Moher et al., 2009): As target po-
pulation, we defined in- and outpatients with a depressive disorder. As
our meta-analysis focused on basal oxytocin concentrations, we in-
cluded studies without regard to whether an intervention was eval-
uated, too. As comparison group, healthy individuals were included.
The difference in endogenous oxytocin levels between depressive and
healthy individuals was our main outcome. Consequently, we included
exclusively between-groups designs.

2. Methods
2.1. Protocol and registration

This study is based on a subset of data from a larger methodological
review investigating basal endogenous oxytocin concentrations of
healthy humans (Engel et al., in prep.) The larger review was pre-re-
gistered at PROSPERO (Registration number: CRD42017072306) on the
17" of July 2017. It is available online from: http://www.crd.york.ac.
uk/PROSPERO/display_record.php?ID = CRD42017072306.

2.2. Eligibility criteria

Studies were eligible for inclusion if they compared endogenous
oxytocin concentrations between patients with a depressive disorder
and healthy controls. In terms of the target population, we included
studies investigating adult (mean age =18 years) in- and outpatients
with current or chronic depressive disorders. As such, we considered
patients diagnosed with current depressive episode, recurrent depres-
sive disorder, or dysthymia. We did not define exclusion criteria with
regard to comorbidities. For the meta-analytic procedure, we focused
on comparisons of basal oxytocin concentrations. Intervention studies
were included only if oxytocin was assessed at baseline. Concerning the
comparison population, we included adults without any mental dis-
order, physical disease, injury or pregnancy. Studies were required to
report differences in endogenous oxytocin concentrations in blood
plasma, blood serum, saliva, urine or cerebrospinal fluid (CSF) between
the target and comparison population as outcomes. We also included
studies that did not report such differences but provided sufficient data
to calculate an effect size. In terms of study designs, we included cross-
sectional and longitudinal between-groups designs. Within- and single
group designs, case studies, reviews and meta-analyses were excluded.
Published and unpublished studies in English or German language were
considered. Qualitative studies and reviews were excluded. There were
no restrictions regarding publication year.

2.3. Search strategy and selection of studies

2.3.1. Literature search strategy

As this meta-analysis is based on a subset of studies from a larger
systematic review, we applied the same electronic search strategy as in
the larger review (Engel et al., in prep.) and then adapted the screening
process for the purposes of the present study. The literature search
aimed at identifying all studies measuring basal endogenous oxytocin
concentrations in healthy humans and followed the search strategies
recommended by Lipsey and Wilson (2001). The following electronic
bibliographic databases were searched up to 28" of March 2017: Psy-
cINFO, PubPsych, PsycARTICLES, PubMed, Web of Science, BIOSIS and
ProQuest Dissertations and Theses Global. Furthermore, we searched
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through study registers at Clinicaltrials.gov. As search terms, ((oxytocin)
AND (blood OR plasma OR serum OR CSF OR cerebrospinal fluid OR
urine OR urinary OR saliva OR salivary)) were applied to search
through titles, abstracts and keywords. Additionally, we examined the
grey literature in order to identify further published or unpublished
studies. Therefore, abstracts of conference contributions, posters and
commentaries were screened and we contacted experts in the field.
Moreover, we applied a snowball search system by screening the re-
ference lists of reviews and relevant empirical articles.

2.3.2. Study selection

In the process of study selection, we aimed at including all studies
that investigated differences in endogenous oxytocin concentrations
between healthy individuals and patients with depressive disorders. In
a first step, titles and abstracts of all studies that resulted from our
systematic literature research were screened, excluding duplicates and
studies meeting the exclusion criteria of the larger review. We did not
include study registers but contacted the corresponding authors to in-
quire whether data were already accessible. If abstracts or full-texts
were not available, we contacted the corresponding authors and asked
for access to the paper.

In a second step, full-texts articles were read to decide if studies met
one of the exclusion criteria listed above or were eligible for inclusion.
Accordingly, all studies assessing basal endogenous oxytocin con-
centrations in healthy humans were kept.

In a third step, all studies meeting the inclusion criteria of the
present review were identified. Therefore, we included studies that
additionally comprised a sample of depressive patients and compared
basal oxytocin concentrations between this sample and the healthy
controls.

Steps one and two were performed by one researcher (SE). Step
three was conducted as follows: Studies considered as eligible were
randomized based on a computerized tool and assigned to a team of two
researchers (SE and AW or SL and HK), respectively. Researchers within
one team independently decided about exclusion or inclusion. In case of
disagreements, a third independent researcher (SL or SE, respectively)
was consulted for the final decision.

2.4. Data extraction and preparation

2.4.1. Data collection process

We used a pre-defined coding manual to extract relevant data from
the primary studies. Extraction was performed by one researcher (SE)
and checked by a second, independent researcher (SL). In case of dis-
agreements, a third independent researcher (SSch) was consulted for
the final decision. If data that was relevant for the meta-analytic pro-
cedure was not obtainable from the original paper, we contacted the
corresponding authors via email and asked them to provide us with the
information. Studies that did not report sufficient data for the meta-
analytic procedures were considered in the descriptive, but not in the
statistical part of the review. The same applied for sample overlaps.
Concerning overlapping studies, we included the one that provided a
larger sample in the meta-analysis.

2.4.2. Extracted data

For the descriptive part of the review, we extracted information
about the patient and comparison populations, as well as about meth-
odological aspects of the studies. In terms of the target population, we
extracted number, sex distribution and age of depressive patients, their
patient status (inpatients vs. outpatients) and exact diagnosis, the di-
agnostic instruments that were used to assess depression, medications
and comorbidities. Concerning the healthy comparison population, we
extracted number, sex distribution and age of participants.
Furthermore, we assessed if an additional comparison population was
investigated. In terms of general methodological aspects, we extracted
information about the study design (cross-sectional vs. longitudinal)
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and a description of paradigms or interventions that were evaluated.
Concerning the assessment of oxytocin, assessment design (e.g. basal,
diurnal profile or reactivity), number of measurement points, time of
day and the measurement method (e.g. blood or CSF) were extracted.
Differences in basal endogenous oxytocin concentrations between
healthy participants and patients with a depressive disorder were sta-
tistically compared using meta-analytic procedures. For this purpose,
we extracted the means and standard deviations of oxytocin, as well as
the number of participants per healthy or depressive sample, respec-
tively. If oxytocin concentrations were not reported in texts or tables
but shown in figures, an online plot digitizer was used for extraction
(Rohatgi, 2015). This tool was applied in a recent meta-analysis on
endogenous oxytocin and yielded good results (Valstad et al., 2017).

2.5. Risk of bias in individual studies

By means of an established and validated scale, we assessed the
general quality of primary studies. Specifically, we chose the
Newcastle-Ottawa Quality Assessment Scale (Wells et al., 2018) for
case-control studies, as the inclusion criteria of the present review re-
quired individual studies to apply a between-groups design. The NOS
can be used to rate the risk of bias in case-control studies in three dif-
ferent domains, that are, selection of cases and controls, comparability
of cases and controls and ascertainment of exposure or, in the case of
our review, ascertainment of outcome. A primary study can obtain a
pre-defined number of possible stars per domain. The scale is standar-
dized, but adaptable to the specific purpose of a review, for instance by
defining important covariates that should be considered. Within the
domain selection of cases and controls, four items are rated, implying
that primary studies can obtain a maximum of four stars. For instance,
studies received one star if cases (i.e. depressive patients) were iden-
tified by means of an adequate method, such as a standardized clinical
interview or medical records, instead of self-report questionnaire data.
With regard to the comparability of cases and controls, a maximum of
two stars can be awarded if primary studies controlled for age or sex.
Within the domain ascertainment of outcome, by rating three items, a
maximum of three stars can be awarded. For instance, primary studies
received a star if the same procedure and method to assess endogenous
oxytocin was applied for depressive patients and healthy controls.
Therefore, by answering eight items, a maximum of nine stars can be
obtained by each study, with a higher number of stars indicating higher
study quality and lower risk of bias.

Two researchers (SE and SL) applied the NOS independently to es-
timate the quality of the included studies. In case of disagreements, a
third independent researcher (SSch) was consulted for the final deci-
sion. The result of these ratings, i.e. the general study quality (low vs.
medium vs. high) was used as a moderator in subgroup analyses of the
meta-analytic effects. By this means, we tested whether potential het-
erogeneity of effects might be reduced within groups of studies of si-
milar quality.

2.6. Meta-analytic procedure

To test the standardized mean differences in basal endogenous
oxytocin concentrations between healthy participants and patients with
a depressive disorder, Hedges’ g was used (Borenstein et al., 2009,
2009). This coefficient represents the difference between means of
healthy and depressive participants, divided by the pooled standard
deviation and adjusted for a small sample bias. Its confidence interval
(CI) was used to display the precision of the effects. Positive Hedges’ g
estimated with a CI above zero indicated that basal oxytocin con-
centrations were higher in healthy participants compared with patients
with a depressive disorder. According to Cohen (1988), Hedges’s < 0.5
can be considered as small, 0.5 < g < 0.8 as medium and g = 0.8 as
large.

As indicators of heterogeneity, we used the Q-statistic and the I*
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index (Borenstein et al., 2009). Q represents the sum of the products of
weights and squared differences between study and summary effect
sizes. Significant Q-statistics indicate heterogeneity of effects. I? in-
dicates the proportion of total variance that is attributable to real
variance between studies. According to Higgins and Thompson (2002),
I? values of 25%, 50% and 75% indicate low, moderate, and high het-
erogeneity, respectively. In case of significant heterogeneity of effects,
we applied subgroup analyses to test whether effects are homogeneous
within subgroups of studies. As possible moderators, we considered
measurement method of oxytocin, chronicity of depressive disorder,
time of day of sampling, sex, age differences between groups, and
general study quality.

We used Egger’s regression test (Egger et al., 1997) and Duval and
Tweedie’s trim-and-fill procedure (Duval and Tweedie, 2000) to test for
publication bias across studies. These tests were only applied for
homogenous data sets including at least six primary studies (Ioannidis,
2005; Peters et al., 2007; Rothstein and Bushman, 2012; Terrin et al.,
2003). All calculations were conducted with the Comprehensive Meta-
Analysis software (Biostat, 2014).

3. Results
3.1. Study selection

The flowchart summarizing the number of studies that were
screened, assessed for eligibility, and included in the review is pre-
sented in Fig. 1. Thirteen studies fulfilled the criteria and were included
in the descriptive part of the review. Nine studies were published in
scientific journals (Cyranowski et al., 2008; Jobst et al., 2015; Ozsoy
et al., 2009; Parker et al., 2010; Pitts et al., 1995; Sasayama et al., 2012;
van Londen et al., 1998; van Londen, 1997; Yuen et al., 2014) and four
were abstracts of conference contributions (Frasch et al., 1995; Lien
et al., 2016; Zetzsche et al., 1996, 1995).

From the pool of thirteen included studies, nine were also used in
the meta-analytic procedure. From two studies with overlapping sam-
ples (van Londen et al., 1998; van Londen, 1997), the study providing
the larger sample was used (van Londen, 1997). Three studies did not
provide sufficient data to be included in the meta-analysis (Frasch et al.,
1995; Zetzsche et al., 1996, 1995).

3.2. Study characteristics

3.2.1. Sample characteristics

Table 1 provides an overview on the samples of patients with a
depressive disorder and Table 2 on the comparison populations. Con-
cerning patients with a depressive disorder, the descriptive part of this
review summarizes data from n = 368 patients (n = 357 patients with
valid oxytocin values). Sizes of patient samples ranged from n = 12 to
n = 97. One patient sample was exclusively female (Cyranowski et al.,
2008), five were predominantly (> 50%) female (Lien et al., 2016;
Parker et al., 2010; van Londen et al., 1998; van Londen, 1997; Yuen
et al., 2014), two were predominantly (> 50%) male (Jobst et al.,
2015; Pitts et al., 1995) and one was exclusively male (Sasayama et al.,
2012). The mean age varied between 31 and 48 years between studies.
With one exception focusing on chronically depressed patients (Jobst
et al.,, 2015), all studies included patients with current depression
(major depressive disorder or major depressive episode, (Cyranowski
et al., 2008; Frasch et al., 1995; Lien et al., 2016; Ozsoy et al., 2009;
Parker et al., 2010; Pitts et al., 1995; Sasayama et al., 2012; van Londen
et al., 1998; van Londen, 1997; Yuen et al., 2014; Zetzsche et al., 1996,
1995). The most frequently used instrument to assess depression was
the Hamilton Rating Scale for Depression (Hamilton, 1960)
(Cyranowski et al., 2008; Jobst et al., 2015; Ozsoy et al., 2009; Parker
et al., 2010; Pitts et al., 1995; Sasayama et al., 2012; Yuen et al., 2014).
Five studies employed a standardized clinical interview (Cyranowski
et al., 2008; Jobst et al., 2015; Pitts et al., 1995; van Londen et al.,



Psychoneuroendocrinology 101 (2019) 138-149

* No baseline measure of endogenous oxytocin (2)

S. Engel et al.
—
Records identified through database Additional records identified
searching (n = 32,629) through other sources (n = 284)
5 ¢ BIOSIS (8,295) e Clinical Trials (214)
§ e ProQuest (9,955) o Snowball (70)
% o PsycARTICLES (14)
S ¢ PsycINFO (872)
S e PubMed (7,567)
o PubPsych (194)
® Web of Science (5,732)
—
P 4 v
duplicates removed Records excluded (n=21,026)
(n=11,339) o Language (527)
e Animal study (11,030)
e Underage sample (771)
‘é‘” v o Pregnant or post-partum women (3,334)
q.=) Recordssereened o Medical issues (570)
) R ;
;5 (n=21,574) > o Men'tal issues (449)
»n ® Reviews (659)
o Qualitative studies (593)
¢ Biochemical micro-processes (1,918)
o No measure of endogenous oxytocin (1,012)
o Register without data (27)
o Abstract not available (134)
)
v
= Full-text articles assessed for Full-text articles excluded (n = 535)
:__E' eligibility (n = 548) o Aniirnst] sendiyi(i2)
Eg o Underage sample (8)
E e Pregnant or post-partum women (17)
e Medical issues (31)
e Mental issues (22)
— o Reviews (14)
P A4 o Biochemical micro-processes (13)
Studies included in qualitative e No measure of endogenous oxytocin (59)
synthesis (n = 13)
e Article not available (13)
E o No patient group with depressive disorder (316)
=
F }
P
=
Ll
Studies included in quantitative
synthesis (meta-analysis)
(n=9)
—

* No baseline measure of endogenous oxytocin (30)

Fig. 1. Flowchart: Identification and selection of primary studies.

1998; van Londen, 1997). Studies were heterogeneous in terms of the
patients’ status. Four included exclusively inpatients (Cyranowski et al.,
2008; Jobst et al., 2015; Ozsoy et al., 2009; Pitts et al., 1995), two
exclusively outpatients (Parker et al., 2010; Sasayama et al., 2012) and
two included both (van Londen et al., 1998; van Londen, 1997). In-
formation about medication was also heterogeneous. Five studies had
medication-free samples (Cyranowski et al., 2008; Lien et al., 2016;
Ozsoy et al., 2009; van Londen et al., 1998; van Londen, 1997) and five
studies reported the kind of medication each patient used (Jobst et al.,
2015; Parker et al., 2010; Pitts et al., 1995; Sasayama et al., 2012; Yuen
et al.,, 2014). Notably, only one study reported comorbid diagnoses
(Jobst et al., 2015).

Concerning the healthy control groups, the descriptive part of this
review summarizes data from n = 346 participants (n = 339 partici-
pants with valid oxytocin values). Sizes of healthy samples ranged from
n =12 to n =96. One sample was exclusively female (Cyranowski
et al., 2008), six were predominantly (> 50%) female (Lien et al., 2016;
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Ozsoy et al., 2009; Parker et al., 2010; van Londen et al., 1998; van
Londen, 1997; Yuen et al., 2014), in one study, the sex distribution was
balanced (Pitts et al., 1995), two studies were predominantly (> 50%)
male (Jobst et al., 2015; Parker et al., 2010; Pitts et al., 1995) and one
was exclusively male (Sasayama et al., 2012). The mean age varied
between 27 and 47 years between studies. Four studies utilized another
clinical comparison group. Two studies additionally investigated bi-
polar disorder patients (Ozsoy et al., 2009), and one inspected schizo-
phrenia patients (Sasayama et al., 2012) and patients with psychotic
major depression (Yuen et al., 2014), respectively.

3.2.2. Methodological aspects

In terms of study designs, results are summarized in Table 3. Most
studies explicitly addressed possible differences in endogenous oxytocin
concentrations between depressive patients and healthy controls
(Cyranowski et al., 2008; Frasch et al., 1995; Jobst et al., 2015; Parker
et al., 2010; Sasayama et al., 2012; van Londen et al., 1998; van
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Study name Statistics for each study
Hedges's Standard Lower Upper
g error Variance limit limit
Cyranowski et al. (2008) -0,724 0,367 0,135 -1,444 -0,004
Jobst et a. (2015) 0,062 0,318 0,101 -0,560 0,685
Lien et al. (2016) -0,213 0,144 0,021 -0,495 0,069
Ozsoy et al. (2008) 0,631 0,259 0,067 0,122 1,139
Parker et al. (2010) -0,789 0,382 0,146 -1,539 -0,039
Pitts et al. (1995) 0,327 0,329 0,108 -0,317 0,971
Sasayama et al. (2012) 0,378 0,322 0,104 -0,254 1,010
van Londen et al. (1997) -0,335 0,215 0,046 -0,755 0,086
Yuen et al. (2014) (females) 1,902 0,550 0,302 0,825 2,980
Yuen et al.(2014) (males)  -1,483 0,605 0,366 -2,669 -0,298
-0,022 0,197 0,039 -0,409 0,365
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Hedges's g and 95% CI

Z-Value p-Value

1971 0,049 —.——L

0,196 0,844
41,482 0,138 ——

2431 0,015 B 3
2,063 0,039 <—i—

0,995 0,320 B

1173 0,241 =
-1,559 0,119 B

3461 0,001 —
2,452 0,014 S
0,112 0,911 e

-1,00 -0,50 0,00 0,50 1,00

Increased in depression Decreased in depression

Fig. 2. Summary effect size. Negative values indicate that oxytocin concentrations were lower in healthy controls than in depressive patients.

also non-significant (g = —0.20, CI = [—-0.69; 0.29]), but as well
homogeneous (Q = 4.95, p = .08, I = 59.59).

Due to the high overall heterogeneity and small number of included
studies, we refrained from testing publication bias (Ioannidis, 2005;
Peters et al., 2007; Rothstein and Bushman, 2012; Terrin et al., 2003).

4. Discussion
4.1. Summary of evidence

The present systematic review and meta-analysis summarized cur-
rent evidence on differences in basal endogenous oxytocin concentra-
tions between depressive patients and healthy controls. In general,
studies varied with respect to clinical and demographic characteristics
of patient and control groups as well as concerning methodological
aspects of designs, clinical and hormonal assessments. Except for one
(Jobst et al., 2015), all studies examined a currently depressed patient
group and did not report comorbidities. The standardized mean group
difference derived by the meta-analytic procedure was non-significant,
indicating that depressive patients did not show altered basal oxytocin
concentrations compared with healthy controls. The overall effect was
heterogeneous, and so were effects in the subgroup analyses, with the
exception of the also non-significant effects within the three studies of
low and the three studies of high risk of bias.

As noted before, the assessment of basal concentrations represents a
frequently used (Cochran et al., 2013) approach which might be sui-
table to provide first indications towards aberrations the oxytocin
system in mental disorders. Particularly, it is highly questionable
whether oxytocin concentrations derived from peripheral body fluids
reflect neurotransmissive and neuromodulatoty actions (Valstad et al.,
2017). Even though oxytocin concentrations measured in CSF might be
more informative in this regard (Meyer-Lindenberg et al., 2011), only
two primary studies that were included in the present meta-analysis
actually applied this approach. We summarized them separately by
means of a subgroup analysis, but the limited available data do not
allow for meaningful conclusions based on the statistical synthesis.

Given these theoretical restrictions, the null finding of our meta-
analysis does not ultimately implicate that the oxytocin system is not
involved in depressive disorders. However, it does implicate that more
complex and distinctive research designs and methodological ap-
proaches may be more appropriate to detect and understand a possible
role of oxytocin in depression. In the following, we integrate our find-
ings into the existing literature and current discussion on this topic and
conduct recommendations for promising future research designs.

It needs to be considered that the key affective symptoms of de-
pressive disorders, related to negative mood and loss of energy, do not
seem to be closely related to the oxytocin system (Massey et al., 2016).

However, impairments in social behavior and stress regulation, two
symptoms suggested to be strongly associated with oxytocin (e.g.
Feldman, 2012; Heinrichs et al., 2009; Meyer-Lindenberg et al., 2011),
are also frequent findings in depression (Cacioppo et al., 2006; Gariépy
et al., 2016; Strawbridge et al., 2017; Tse and Bond, 2004). It might be
worthwhile to investigate the role of oxytocin with regard to those
neuronal processes that result in these symptoms. Even though human
studies provide less access to central oxytocinergic mechanisms than
animal models, one possible methodological approach might be asses-
sing the consequences of increased central oxytocin availability, es-
tablished by intranasal peptide administration, on neuronal processes
revealed by imaging techniques. Moreover, as the impact of en-
dogenous oxytocin concentrations depends on oxytocin receptor func-
tion (Neumann, 2008), the investigation of (epi-)genetic markers of the
oxytocin receptor gene might be a meaningful add-on.

In contrast to the non-significant finding of our study, aberrant
oxytocin concentrations have been identified as markers for other
mental disorders which are more clearly affected by impairments of
oxytocin-related functions such as social behavior and stress regulation.
The oxytocin system has most frequently been investigated in autism
and schizophrenia, but it also seems to play a role in other mental
disorders, such as social anxiety disorder or obsessive-compulsive dis-
order (Cochran et al., 2013). Given the high prevalence of comorbid-
ities in depression, the fact that only one of the primary studies in-
cluded in this meta-analysis reported them (Jobst et al., 2015) seems
worthy of discussion. Insufficient consideration of comorbidities might
be an important factor contributing to the heterogeneity of our results.
Conversely, missing information and small number of studies pro-
hibited a test of this assumption. We recommend that future studies on
oxytocin and depression should take comorbidities into account. This
could be done by defining them as an exclusion criterion in order to
enable clear conclusions for a well-defined depressive population, by
reporting them or controlling for them statistically.

Furthermore, as biomarkers of mental disorders are often criticized
for their lack of specificity, it might be promising to correlate hormone
concentrations to specific psychological symptoms or functions instead
of associating them to the mere presence or absence of a certain dis-
order. Correlations between affective symptoms and endogenous oxy-
tocin concentrations seem to be weak (Massey et al., 2016). Hence, it
might be worthwhile to investigate them in symptoms that on the one
hand are prevalent in depression, and on the other hand are known to
be strongly influenced by oxytocin. As such, future studies might test
associations between oxytocin and social withdrawal or subjective
stress in depressive patients.

Moreover, its role in stress regulation suggests that it might be in-
teresting to assess reactivity of the oxytocin system in addition to basal
hormone concentrations. Notably, two of the included primary studies
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applied reactivity designs (Cyranowski et al., 2008; Jobst et al., 2015).
As their paradigms are not comparable, it was not possible to meta-
analytically aggregate their effects. However, it is worth noting that
preliminary studies on the reactivity of the oxytocin system in socially
relevant situations exist, and this approach should be kept in view.
Evidence challenging the assumptions that peripheral endogenous
concentrations of oxytocin reflect its central availability also re-
commends the use of reactivity paradigms (Valstad et al., 2017). A
meta-analysis showed that central and peripheral concentrations are
unrelated under basal, but positively correlated under challenged
conditions (Valstad et al., 2017).

A substantial proportion of the theoretical rationale behind the
possible involvement of the oxytocin system in depressive disorders is
based on its interactions with other depression-related biological sys-
tems. As McQuaid et al. (2014) noted, “complex illnesses are typically
biochemically heterogeneous”. This implies that it might be interesting
to apply multi-methodological approaches combining different para-
meters of the oxytocin system, such as variations or methylation of the
receptor gene or reactivity to nasal spray, and multidimensional ap-
proaches investigating the co-regulation of the oxytocin and other
biological systems. Of particular relevance for depression research are
interactions between oxytocin and other biological substances acting on
the brain level, such as serotonin norepinephrine, dopamine, growth
factors, or cytokines (for an overview article, see McQuaid et al., 2014).
Moreover, a combined investigation of parameters of the oxytocin
system and the hypothalamic-pituitary-adrenal axis after social stress
induction might be an adequate design to understand their respective
interactions and impact on depression.

Finally, it could be worthwhile to test assumptions on the influence
of oxytocin during specific phases of the course of depressive disorders.
Biological systems can be influential during the development, main-
tenance and treatment of mental disorders. The investigation of basal
hormone concentrations, as focused on in this meta-analysis, is an ap-
propriate approach to test if aberrations of the oxytocin systems exists
in manifest disorders. Beyond that, empirical findings also propose a
possible involvement of oxytocin in the development of depression. For
instance, oxytocin has been shown to influence perceived social sal-
ience of situations (Bartz et al., 2011), possibly increasing the risk to
develop depressive disorders under socially distressing circumstances
or in individuals with pre-existing pessimistic cognitive schemata.
Moreover, variations of the oxytocin receptor gene were shown to in-
crease the risk to develop depressive symptoms, moderating the impact
of early life adversities (Thompson et al., 2014, 2011). Other studies
investigated the role of oxytocin with regard to its role in the treatment
of depression. Jobst et al. (2018) reported that endogenous oxytocin
moderated the outcome of psychotherapy in chronically depressed pa-
tients. Preliminary studies evaluated the effects of intranasal oxytocin
as adjunctive to psychotherapeutic treatment (MacDonald et al., 2013)
and the effects of oxytocin-related pharmacological treatment, espe-
cially the agents carbetocin, Mif-1 and nemifitide (Catena-Dell’Osso
et al., 2013). Notably, two of the primary studies included in the pre-
sent review assessed the role of endogenous oxytocin concentrations in
pharmacological antidepressant treatment (Lien et al., 2016; Ozsoy
et al., 2009).

In line with the reflection about the course of depression, it should
be attempted to integrate the assumptions about the involvement of
oxytocin in depression into psychopathological theories of this disorder.
For instance, an integration of the social salience hypothesis of oxytocin
(Bartz et al., 2011) into theories of cognitive biases in depression
(Strunk and Adler, 2009) seem interesting. It might be speculated, for
instance, that oxytocin increases the subjective salience of social iso-
lation, promoting the impact of loneliness as a risk factor for depres-
sion. Considering the broad functions of oxytocin and the large number
of theories on depression, many more connections are imaginable.
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4.2. Limitations

The results of our study need to be interpreted in the context of its
limitations. Even if we succeeded in significantly extending previous
meta-analytic evidence, the overall number of primary studies com-
prised by this meta-analysis was still small, resulting in low statistical
power. In connection to this, the meta-analytic effects have mostly been
heterogeneous and homogeneity was only present within the small
groups of primary studies of comparable risks of biases. It is important
to note that even within those two groups, lack of statistical power
might have contributed to the non-significant Q-test and therefore
might have covered actual heterogeneity. The heterogeneity does not
seem surprising, considering that our analyses summarized effects
across primary studies with diverging populations in terms of clinical
and demographic characteristics (ranging from patients in a current
depressive episode to dysthymia patients and from exclusively female
to exclusively male samples) and methodologies in terms of clinical
(ranging from self-report questionnaires to standardized clinical inter-
views) and hormonal assessments (ranging from blood to CSF oxy-
tocin). Therefore, despite our best efforts, it was not possible to gather
sufficient numbers of primary studies within subgroups to substantially
reduce heterogeneity and calculate robust effect sizes across them.

Moreover, this review exclusively summarizes evidence on altera-
tions of basal endogenous oxytocin concentrations in depressive pa-
tients. Neither does it address reactivity of the oxytocin system, not
does it involve multidimensional approaches such as investigations of
the oxytocin receptor gene, its methylation or neuronal reactivity to
intranasal oxytocin administration. Future research involving these
more complex approaches should be kept in view. However, to date,
there are not enough studies to summarize evidence beyond the basic
approach addressed in our review. At present, no conclusion can be
drawn beyond the fact that presumably no alterations in the en-
dogenous oxytocin system in depressive disorders exist.

4.3. Conclusions

To sum up, the results of this systematic meta-analysis showed no
significant differences in basal endogenous oxytocin concentrations
between depressive patients and healthy controls. We detected sig-
nificant heterogeneity in the effect that might be attributed to clinical
and demographic factors, such as age, sex or comorbidities, as well as to
different study designs or hormonal assessments. In order to detect a
possible impact of the oxytocin system in disorders, we recommend
investigating it with respect to specific oxytocin-related symptoms and
functions, to apply reactivity designs as well as multi-methodological or
multi-dimensional approaches. It is crucial to control for comorbidities,
as they are highly prevalent in depression and interact with the oxy-
tocin system. On a theoretical level, the combination of biological and
psychological theories might be useful to inform meaningful future
studies that provide a deeper understanding of the oxytocin system in
depressive disorders.
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(Sub)group Number of studies Hedges ‘g* Confidence interval® Q-value ?

All studies 9 -0.02 —0.41 to 0.36 38.41""" 76.57

Measurement method 7 -0.12 —0.58 to 0.24 34.46"" 79.68
Blood 2 0.35 —0.10 to 0.80 0.01 0.00
CSF

Depressive disorder 8 -0.03 —0.46 to 0.40 38.22""" 79.07
current 1 0.06 —0.56 to 0.68 0.00 0.00
chronic

Time of day 4 —-0.08 —0.65 to 0.49 12.50" 76.00
Morning 5 0.03 —0.58 to 0.64 25.87""" 80.67
Others/unknown

Sex 5 0.13 —0.45 to 0.72 25.85""" 84.52
> 50% female 4 -0.35 —1.07 to0 0.37 10.76" 72.11
> 50% male

Age 6 -0.11 —0.70 to 0.49 29.57""" 79.71
Depressive patients older 3 0.13 —0.40 to 0.67 8.14" 75.43
Healthy participants older/unknown

Study quality based on NOS rating 3 -0.31 —0.68 to 0.07 2.66 24.73
> Md 3 0.40 —0.55 to 1.35 17.55™" 83.01
= Md 3 -0.20 —0.69 to 0.29 4.95 59.59
< Md

Notes. Md = Median; NOS = Newcastle-Ottawa Quality Assessment Scale.
“Negative values indicate that oxytocin concentrations were lower in healthy controls than in depressive patients.

“p < 0.05.
“p < 0.01.
‘p < 0.001.
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