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In light of the roles of oxytocin (OT) in social bonding and interpersonal relationship, studies have examined the
roles of OT in human attachment, but by and large previous findings are inconsistent. Here, we conducted - meta-
analyses to estimate the associations between peripheral OT level (e.g., blood and salivary OT) and attachment (i.
e., attachment dimensions and behaviors of attachment insecurity) and examine the effects of intranasal OT
administration on behaviors of attachment insecurity. The analyses indicated that: (1) Peripheral OT level was
not significantly associated with attachment dimensions (e.g., attachment anxiety and attachment avoidance)
and behaviors of attachment insecurity; (2) intranasal OT administration significantly reduced behaviors of
attachment insecurity of neutral contexts, particularly behaviors of attachment avoidance. The findings suggest
that intranasal OT administration is an available approach for reducing behaviors of attachment insecurity of
interpersonal situations with ambiguous social cues, which implicates suggestions for therapeutic treatments of
attachment-related dysfunctions.

1. Introduction

Attachment refers to the psychological system of seeking safety and
maintaining proximity to others (Bowlby, 1977), which describes the
patterns of close relationships, particularly in times of stress. An in-
dividual’s attachment style (i.e., one’s enduring patterns of thoughts and
behaviors of interpersonal relationship) is relatively stable from child-
hood to adulthood (Belsky, 1997; Bowlby, 1977), which benefits the
coherences of self-appraisals on close relationship, one’s owe avail-
ability, and responsiveness of attachment figures (Belsky, 1997; Bowlby,
1977). Secure attachment style greatly regulates one’s behavioral
characteristics and social functions such as buffering social stress (Smith
et al.,, 2016) and improving quality of interpersonal relationship
(Mikulincer and Shaver, 2009; Wilkinson and Mulcahy, 2010). In the
past decades, attachment-based therapy practices have been used for
treatments in interpersonal dysfunctions and psychiatric disorders
(Diamond, Russon, and Levy, 2016; Shpigel, Diamond, and Diamond,
2012).

Attachment behaviors refer to situational actions that an individual
responds to attachment figures in times of need or stress (Ravitz et al.,
2010). Attachment behaviors are not always on display, but could be
activated by specific events (e.g., dangers and isolations). Thus,
attachment behaviors are sensitive to personal characters (i.e.,
emotional state and memory about frustration of proximity-seeking) and
social contexts of interpersonal relationships, in which stress activates
attachment system, but personal and contextual factors maybe inhibit
one’s proximity-seeking responses (Mikulincer, Birnbaum, Woddis, and
Nachmias, 2000; Mikulincer, Gillath, and Shaver, 2002). The change-
ability of attachment behaviors of a given person across situations helps
an individual well adapt fast-changing interpersonal interactions. Here,
we estimated the relationships between the level of peripheral oxytocin
(e.g., blood and salivary OT) and attachment dimensions (i.e., attach-
ment anxiety, attachment avoidance) and behaviors of attachment
insecurity and examined the effects of intranasal OT administration on
behaviors of attachment insecurity.

Hypothalamic peptide OT deeply grounds in the neuroendocrine
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substrate of attachment. OT regulates diverse social cognitions and
interpersonal interactions (Harari-Dahan and Bernstein, 2014; Kemp
and Guastella, 2011). For instance, peripheral OT level of blood or saliva
is related to the formation and maintenance of social relationships
(Algoe, Kurtz, and Grewen, 2017; Gordon, Zagoory-Sharon, Leckman,
and Feldman, 2010; Grewen, Girdler, Amico, and Light, 2005; Markova
and Siposova, 2019); intranasal administration OT is considered a
promising treatment in interpersonal dysfunctions and psychiatric dis-
orders (Bernaerts et al., 2020; Koch et al., 2019; Ramseyer et al., 2020).
On the whole, the biological functions of OT in human attachment have
been investigated in three ways: (1) Genetic-association studies aim to
explore the contributions of oxytocin receptor gene (OXTR) to attach-
ment dimensions. For instance, some studies have shown significant
relationships between the OXTR polymorphisms and attachment di-
mensions (Monin, Goktas, Kershaw, and DeWan, 2019; Pearce, Wlo-
darski, Machin, and Dunbar, 2019), while a recent study failed in
replicating the relationships (Gong et al, 2020). (2)
Hormones-association studies have examined the relationships between
peripheral OT level and attachment dimensions or attachment behaviors
(Eapen et al., 2014; Feldman et al., 2011; Kohlhoff et al., 2017; Plasencia
et al., 2019), which aim to elucidate the relationships between natural
OT level and individual differences in attachment. (3) Intranasal OT
administration studies have examined OT pharmacological effects on
attachment behaviors (Ditzen et al., 2009; Marsh et al., 2012; Riem
et al., 2012; Waller et al., 2015; Zhao et al., 2018), which provide po-
tential therapeutic practice of OT for attachment-related dysfunctions.
OT is produced in the hypothalamic nuclei and released into cerebral
spinal fluid and blood (Aydin et al., 2019). As a lack of non-invasive
access to obtain brain OT measure in humans, no research has directly
investigated the relationship between brain OT level and attachment,
and thus peripheral OT level is used as a biomarker for examining the
relationship between endogenous OT and attachment anxiety (i.e. a
pervasive uncertainty about the willingness of attachment figures
respond to them). Specifically, four studies indicated a negative corre-
lation between peripheral OT level and attachment anxiety (Eapen et al.,
2014; Feldman et al., 2011; Kohlhoff et al., 2017; Plasencia et al., 2019),
one study showed a positive correlation (Marazziti et al., 2006), and
eight studies failed in detecting any statistically significant effects
(Alaerts et al., 2019; Aydin et al., 2019; Baskaran et al., 2017; Ebner
et al., 2019; Gordon et al., 2008; Kiss et al., 2011; Schneiderman et al.,
2012; Strathearn et al., 2012). Moreover, studies have investigated the
link between peripheral OT level and attachment avoidance (i.e.,
discomfort with psychological intimacy and desire to maintain psy-
chological independence): three studies demonstrated a positive corre-
lation (Kiss et al., 2011; Marazziti et al., 2015; Tops et al., 2007); five
studies showed a negative correlation (Baskaran et al., 2017; Eapen
et al., 2014; Feldman et al., 2011; Feldman et al., 2007; Kohlhoff et al.,
2017); six studies did not detect statistically significant effects (Alaerts
et al., 2019; Aydin et al., 2019; Ebner et al., 2019; Gordon et al., 2008;
Schneiderman et al., 2012; Serati et al., 2019). Given that only half of
the studies detected significant effects, which possibly results from the
influences of uncontrolled settings on peripheral OT level and relatively
smaller sample sizes, we were unable to draw confirm conclusions.
Studies have extensively investigated the relationships between pe-
ripheral OT level and attachment behaviors. However, the findings were
mixed. Two studies indicated positive correlations between peripheral
OT level and behaviors of attachment insecurity (Daigle et al., 2020;
Vittner et al., 2019); seven studies showed negative correlations (Algoe
et al., 2017; Atzil et al., 2011; Bick and Dozier, 2010; Gordon et al.,
2010; Grewen et al., 2005; Markova and Siposova, 2019; Ulmer-Yaniv
et al.,, 2016); one study reported opposite patterns between females
and males (Markova, 2018); and ten studies did not detect any signifi-
cant relationship (Apter-Levi et al., 2014; Bick et al., 2013; Elmadih
et al., 2014; Feldman et al., 2010; Gordon et al., 2017; Grebe et al., 2017;
Lebowitz et al., 2017; MacKinnon et al., 2014; Miura et al., 2015; Taylor
et al., 2010). Such inconsistencies possibly result from smaller sample
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sizes, methodological shortcomings in obtaining attachment measures,
and unspecific confounders of individual differences (e.g., emotion
statement, relationship quality, and educational level).

Intranasal OT administration is an noninvasive method for exam-
ining pharmacological effects of exogenous OT on social behaviors (Leng
and Ludwig, 2016; Quintana et al., 2021). This approach can spark a
greater increase in oxytocin level in the central nervous system via a
direct nose-to-brain route as compared with intravenous peripheral
oxytocin administration because only a small part of peripheral oxytocin
can pass the blood-brain barrier through intravenous administration
(Born et al., 2002; Martins et al., 2020; Quintana et al., 2021). A growing
number of studies have examined the effects of intranasal OT adminis-
tration on attachment behaviors. Specifically, seven studies indicated
that intranasal OT administration could reduce behaviors of attachment
insecurity (Buchheim et al., 2009; Ditzen et al., 2009; Kreuder et al.,
2017; Hoge et al., 2014; Marsh et al., 2012; Riem et al., 2012; Zhao et al.,
2018), three studies indicated an opposite effect (Ditzen et al., 2013;
Riem et al., 2014; Hoge et al., 2014), and ten studies showed that this
method has no effect at all (Chen et al., 2015; Cohen et al., 2018; Cohen
and Shamay-Tsoory, 2018; Bradley et al., 2019; Flanagan et al., 2018;
Naber et al., 2010; Perry et al., 2015; Scheele et al., 2014; Verhees et al.,
2020; Wittfoth-Schardt et al., 2012). Overall, intranasal OT squirting
experiments showed mixed effects of OT on attachment behaviors. Due
to the context-dependent effects of OT on social behaviors (Bartz et al.,
2011; Peled-Avron et al., 2020), such discrepancies possibly result from
the heterogeneous psychometric properties of attachment behaviors and
the diversiform situations in which individuals interacted with attach-
ment figures.

In summary, studies have examined the roles of OT in human
attachment, but by and large the findings are inconsistent. To reach
clear conclusions, we estimated the roles of OT in attachment with three
meta-analyses. First, we investigated the relationships between periph-
eral OT level and attachment dimensions. Second, we examined the
relationships between peripheral OT level and behaviors of attachment
insecurity. Finally, we estimated whether intranasal OT administration
could modulate situational behaviors of attachment insecurity. Mean-
while, considering that the activation of attachment system greatly de-
pends on social salience of interpersonal events (Belsky, 1997;
Mikulincer et al., 2002), we further examined whether the relationships
between OT level and behaviors of attachment insecurity are modulated
by social contexts of interpersonal interactions.

2. Meta-analyses on the relationships between peripheral OT
level and attachment dimensions

2.1. Identification eligible studies

The meta-analysis was performed with the guidelines of Preferred
Reporting Items for Systematic Reviews and Meta-analyses statement
(PRISMA; Moher et al., 2010). The PRISMA checklist is shown in Sup-
plementary materials. By using databases of the ISI Web of Science,
PubMed, MEDLINE, Chinese Science Citation Database, BIOSIS, Der-
went Innovations Index, InspecR, KCI-Korean Journal Database, and
SciELO Citation Index, two authors independently searched literatures
published up to June, 2020 with terms of “peripheral oxytocin, blood
oxytocin, salivary oxytocin, urinary oxytocin, or plasma oxytocin” and
“separation anxiety, attachment avoidance, dismissing attachment,
discomfort with closeness, preoccupation with relationship, disorga-
nized attachment, fearful attachment, attachment insecurity, attach-
ment style, attachment dimension, attachment orientation, or
attachment disposition”. After a three-step literature screening (Fig. S1
in Supplementary materials), we identified 21 studies with the criteria:
(1) Empirical studies to evaluate the relationships between peripheral
oxytocin and adult attachment dimensions; (2) and containing statistical
information for calculating effect size.
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2.2. Systematization on measures of attachment dimensions

Attachment dimensions in these studies were measured with several
attachment scales. Considering that attachment insecurity is conceptu-
alized as a relative present of attachment anxiety or attachment avoid-
ance (Ravitz et al., 2010), we systematized the measures of attachment
anxiety, attachment avoidance, or both of them as attachment insecu-
rity. Among the studies, five provided the measures of attachment se-
curity or attachment insecurity (Alaerts et al., 2019; Baskaran et al.,
2017; Jobst et al., 2016; Krause et al., 2018; Samuel et al., 2015), and 16
provided the measures of attachment anxiety (Marazziti et al., 2006;
Plasencia et al., 2019; Strathearn et al., 2012; Weisman et al., 2013),
attachment avoidance (Feldman et al., 2007; Marazziti et al., 2015;
Serati et al., 2019; Tops et al., 2007), or both of them (Aydin et al., 2019;
Eapen et al., 2014; Ebner et al., 2019; Feldman et al., 2011; Gordon
et al., 2008; Kiss et al., 2011; Kohlhoff et al., 2017; Schneiderman et al.,
2012). According to the attachment theory (Paetzold et al., 2015; Ravitz
et al., 2010), we treated the measures (attachment anxiety, attachment
avoidance, unresolved-disorganized attachment = attachment insecu-
rity, and dismissive attachment = attachment avoidance) of these
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studies as attachment insecurity (Table S1 in Supplementary materials).
2.3. Statistical analysis

We conducted meta-analysis with the Comprehensive Meta-analyses
software (Biostat, Englewood, NJ). To pool the reported statistics in
meta-analysis, we transformed the mean and standard deviation (Jobst
et al.,, 2016; Samuel et al., 2015), t value and sample size of regression
analysis (Plasencia et al., 2019; Serati et al., 2019), and z value of
Fischer’s test (Krause et al., 2018) as r values (Table S1 in Supplemen-
tary materials). Considering a high heterogeneity of attachment mea-
sures, we conducted meta-analysis with random effect model (Cuijpers,
2016), in which heterogeneity was assessed with Cochran’s Q-statistic
and I statistics (Higgins and Thompson, 2002) and publication selection
bias was estimated with Begg’s rank method (Begg and Mazumdar,
1994) and Egger’s regression test (Egger et al., 1997). Here, we firstly
investigated the relationship between OT level and attachment insecu-
rity and then examined the relationships between OT level and attach-
ment dimensions of anxiety and avoidance.

Study Sample size
Alaerts K, 2019 38
Aydin O, 2019 data 1 34
Aydin O, 2019 data 2 34
Aydin O, 2019 data 3 31

Baskaran C, 2017 5

EapenV, 2014 57
Ebner N, 2019 56
Feldman R, 2007 62
Feldman R, 2011 112
Gordon |, 2008 45
Jobst A, 2016 data 1 20
Jobst A, 2016 data 2 19
Kiss |, 2011 82
Kohlhoff J, 2017 112
Krause S, 2018 48
Marazziti D, 2006 45
Marazziti D, 2015 23
Plasencia G, 2019 27
Samuel S, 2015 30
Schneiderman [, 2012 163
Serati M, 2019 34
Strathearn L, 2012 55
Tops M, 2007 18
Weisman O, 2013 data 1 196
Weisman O, 2013 data 2 277
Random effects 1623
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Fig. 1. Relationship between peripheral OT level and attachment insecurity (r = —0.06, 95% CI = —0.16 ~ 0.05, z = —1.04, p = 0.30). “a” refferes to attachment
insecurity that was calacuted with measures of attachment anxiety and avoidance; “b” refferes to attachment insecurity that was calacuted with measure of
attachment avoidance; and “c” refferes to attachment insecurity that was calacuted with measure of attachment anxiety.
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2.4. Results

Peripheral OT level was not significantly associated with attachment
insecurity (r = —0.06, 95% CI = —0.16 ~ 0.05, z = —1.04, p = 0.30;
Begg’s rank test: tau = 0.08, z = 0.56, p = 0.58; Egger’s regression: t 93 =
0.05, p = 0.95; Fig. 1). Sensitivity analysis indicated that the effect sizes
after removing any single study (r = —0.08 ~ —0.04) did not deviate
from the overall 95% CI = —0.16 ~ 0.05 (Fig. S2). Furthermore, a meta-
analysis indicated that peripheral OT level was not significantly corre-
lated with attachment anxiety (r = —0.06, 95% CI = —0.17 ~ 0.05, z =
—1.13, p = 0.26; Begg’s rank test: tau = —0.07, z = 0.37, p = 0.71; Egger’s
regression: t 15 = 0.69, p = 0.50; Fig. 2) and attachment avoidance (r =
—0.08,95% CI = —0.23 ~ 0.08, z = —0.97, p = 0.33; Begg's rank test: tau
= 0.22, z = 0.17, p = 0.24; Egger’s regression: t 14 = 0.23, p = 0.82;
Fig. 2).

3. Meta-analyses on the relationships between peripheral OT
and behaviors of attachment insecurity

3.1. Identification eligible studies

Two authors searched literatures with the terms of “peripheral
oxytocin, blood oxytocin, salivary oxytocin, or plasma oxytocin” and
“mother-infant bonding, parent-infant contact, parental-infant interac-
tion, parental behavior, affectionate contact, loving touch, parental
touch, warm feelings, interpersonal touch, parental responsiveness,
maternal affect attunement, interpersonal distance, interpersonal
connection, mother-infant synchrony, paternal engagement, infant-
mother separation, infant-mother reunion, mother-infant settings,
partner interaction, or partners synchrony”. Through a three-step liter-
ature reviewing (Fig. S3 in Supplementary materials), we identified 20
studies. The PRISMA checklist is shown in Supplementary materials.

3.2. Systematization on behaviors of attachment insecurity

Among the 20 studies, 16 assessed behaviors of mother-infant
attachment such as mother-infant interaction and paternal affectionate
contact (Apter-Levi et al., 2014; Atzil et al., 2011; Bick and Dozier, 2010;
Bick et al., 2013; Daigle et al., 2020; Elmadih et al., 2014; Feldman et al.,
2010; Gordon et al., 2017, 2010; Lebowitz et al., 2017; MacKinnon et al.,
2014; Markova, 2018; Markova and Siposova, 2019; Miura et al., 2015;
Ulmer-Yaniv et al., 2016; Vittner et al., 2019), and four measured be-
haviors of romantic relationship such as romantic bonding and affec-
tionate contact (Algoe et al., 2017; Grebe et al., 2017; Grewen et al.,
2005; Taylor et al., 2010). According to the classic attachment para-
digms (Ravitz et al., 2010), including the Strange-situation paradigm
(which measures personal distress from separation with caregiver and
the signals for resists contact upon caregiver’s or immediately calms
with contact; Ainsworth et al.,, 1978), Adult Attachment Interview
(which measures parental behaviors of loving, rejecting, neglecting,
involving, coherence of discourse, fear of loss, and passive speech;
Hesse, 2008), and Current Relationship Interview (which measures
partner’s behaviors and thinking about attachment-related issues and
discourse style; Crowell and Owens, 1996), behaviors of attachment
insecurity in these studies were systematized: Negative statement in
romantic relationship was directly used as attachment insecurity (Taylor
et al., 2010), and positive interpersonal interactions (e.g., parent-infant
interaction and constructive communication of romantic couples) of 19
studies were reversely transformed as attachment insecurity (Table S2 in
Supplementary materials).

3.3. Statistical analysis
Thirteen studies reported effect sizes as r values, and seven studies

showed effect sizes as F value of repeated-measures ANOVA (Bick and
Dozier, 2010; Bick et al., 2013; Lebowitz et al., 2017; Miura et al., 2015),
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or t value of paired t-test (Elmadih et al., 2014; Feldman et al., 2010;
Grebe et al., 2017). We transformed the effect sizes as r values (Table S2
in Supplementary materials). Finally, the effect sizes of 20 studies were
pooled in this meta-analysis.

3.4. Results

Peripheral OT level was not significantly associated with behaviors
of attachment insecurity (r= —0.04, 95% CI = -0.13 ~ 0.06,
z = —0.76, p = 0.44; Begg’s rank test: tau = 0.20, z =1.53, p = 0.12;
Egger’s regression: t 53 = 1.49, p = 0.15; Fig. 3). Sensitivity analysis
indicated that the effect sizes after removing any single study (r = —0.06
~ —0.02) did not deviate from overall 95% CI = —0.13 ~ 0.06 (Fig. S4).
Furthermore, we examined the associations of parental-infant relation-
ship and romantic relationship, respectively. We found that peripheral
OT level was not significantly related with behaviors of attachment
insecurity of parent-infant (r=—0.01, 95% CI = —0.12 ~ 0.10,
z = —0.25, p = 0.80) and romantic relationship (r = —0.11, 95% CI =
—0.30 ~ 0.09, z = —1.05, p = 0.29).

4. Meta-analyses on the effects of intranasal OT administration
on behaviors of attachment insecurity

4.1. Identification eligible studies

Two authors searched literatures with the terms of “intranasal
oxytocin administration, intranasal oxytocin application, intranasal
oxytocin spray, or intranasal oxytocin” and “attachment avoidance,
discomfort with closeness, attachment insecurity, avoidant response,
warming feeling, warm contact, affectionate contact, interpersonal
distance, approachability, interpersonal connection, interpersonal
acceptance, parental-infant interaction, or mother-infant synchrony”.
We further checked registered clinical trials (https://clinicaltrials.gov
/ct2/home). One registered trial has been completed (Verhees et al.,
2020) and was included in this meta-analysis, and six clinical trials are
ongoing or unpublished. We contacted the registers for data, but nobody
made response. After a three-step literature screening (Fig. S5 in Sup-
plementary materials), we identified 24 studies. The PRISMA checklist is
shown in Supplementary materials.

4.2. Dose of intranasal OT administration

Twenty-two studies were carried out with a single-dose OT admin-
istration: 114 administrated 24 unites of OT (Bos et al., 2018; Buchheim
et al.,, 2009; Chen et al., 2015; Cohen et al.,, 2018; Cohen and
Shamay-Tsoory, 2018; Kreuder et al., 2017; Mah et al., 2017; Marsh
et al., 2012; Naber et al., 2010; Perry et al., 2015; Riem et al., 2012;
Scheele et al., 2014; Waller et al., 2015; Wittfoth-Schardt et al., 2012),
five administrated 40 unites of OT (Bradley et al., 2019; Ditzen et al.,
2009, 2013; Flanagan et al., 2018; Zhao et al., 2018), and three
administrated OT with 30 unites (Hoge et al., 2014), 16 unites (M. M.
Riem et al., 2014), or 12 unites (Verhees et al., 2020). Differently, two
studies administrated OT with multiple-doses (Bernaerts et al., 2020,
2017). In this meta-analysis, we only included the studies with
single-dose OT administration.

4.3. Systematization on behaviors of attachment insecurity

Among the 22 studies, two investigated the changes of attachment
behaviors across OT administration with the Adult Attachment Projec-
tive Picture System (Buchheim et al., 2009) or the Experience in the
Close Relationships questionnaire (Bradley et al., 2019), and 20
measured situational behaviors of attachment insecurity such as
maternal responses to infants (Bos et al., 2018; Mah et al., 2017; Marsh
et al., 2012; Naber et al., 2010; Riem et al., 2012, 2014; Waller et al.,
2015; Wittfoth-Schardt et al., 2012), children’s beliefs in maternal
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Study

Attachment anxiety

Alaerts K, 2019
Aydin O, 2019 data 1
Aydin O, 2019 data 2
Aydin O, 2019 data 3
Baskaran C, 2017
EapenV, 2014
Ebner N, 2019
Feldman R, 2011
Gordon |. 2008

Kiss |, 2011

Kohlhoff J, 2017
Marazziti D, 2006
Plasencia G, 2019
Schneiderman |, 2012
Strathearn L, 2012

Weisman O, 2013 data 1
Weisman O, 2013 data 2

Random effects

Attachment aviodance

Alaerts K, 2019
Aydin O, 2019 data 1
Aydin O, 2019 data 2
Aydin O, 2019 data 3
Baskaran C, 2017
EapenV, 2014
Ebner N, 2019
Feldman R, 2007
Feldman R, 2011
Gordon |. 2008

Kiss |, 2011

Kohlhoff J, 2017
Marazziti D, 2015
Schneiderman |, 2012
Serati M, 2019

Tops M, 2007

Random effects model
Heterogeneity: /° = 80%, ©° = 0.08, p < 0.01

Sample size

38
34
34
31
5
57
56
112
45
82
112
45
27
163
55
196
277

1369
Heterogeneity: /° = 70%, t° = 0.03, p < 0.01
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[-0.43; 0.27]
[-1.00; -0.42]
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[-0.29; 0.29]
[0.29; 0.63]
[-0.47; -0.13]
[-0.05; 0.68]
[-0.22; 0.08]
[-0.29; 0.39]
[0.17; 0.83]

[-0.23; 0.08]

Fig. 2. Relationships between peripheral OT level and attachment anxiety (r = —0.06, 95% CI: —0.17 ~ 0.05, z = —1.13, p = 0.26) and attachment avoidance

(r=-0.08, 95% CI: —0.23 ~ 0.08, z = —0.97, p = 0.33).
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Study Sample size
Algoe S, 2017 258
Apter L, 2014 119
Atzil S, 2011 23
Bick J, 2010 26
Bick J, 2013 32
Daigle K, 2020 28
Elmadih A, 2014 data 1 15
Elmadih A, 2014 data 2 14
Feldman R, 2010 data 1 32
Feldman R, 2010 data 2 19
Feldman R, 2010 data 3 18
Feldman R, 2010 data 4 11
Gordon |, 2010 data 1 59
Gordon |, 2010 data 2 56
Gordon |, 2017 data 1 49
Gordon |, 2017 data 2 57
Grebe N, 2017 131
Grewen K, 2005 data 1 38
Grewen K, 2005 data 2 38
Lebowitz E, 2016 41
MacKinnon A, 2014 316
Markova G, 2018 data 1 29
Markova G, 2018 data 2 34
Markova G, 2019 43
Miura A, 2015, data 1 50
Miura A, 2015, data 2 30
Taylor S, 2010 data 1 53
Taylor S, 2010 data 2 32
Ulmer-Yaniv A, 2015 189
Vittner D, 2019 28
Random effects 1868

Heterogeneity: /° = 69%, t° = 0.04, p < 0.01
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Fig. 3. Relationship between peripheral OT level and behaviors of attachment insecurity (r = —0.04, 95% CI = —0.13 ~ 0.06, z = —0.76, p = 0.44).

behaviors (Verhees et al., 2020), adult interpersonal distance (Cohen
et al., 2018; Cohen and Shamay-Tsoory, 2018; Hoge et al., 2014; Perry
et al., 2015; Zhao et al., 2018), discomfort with other’s physical touch
(Kreuder et al., 2017; Scheele et al., 2014), likeability for physically
formidable men (Chen et al.,, 2015), and emotional responses of
romantic conflicts (Ditzen et al., 2013, 2009; Flanagan et al., 2018).
Basing on the attachment measures of the Strange-situation paradigm,
Adult Attachment Interview, Adult Attachment Scale, Current Rela-
tionship Interview, and Experiences in Close Relationships (Ravitz et al.,
2010), the measures of nine studies were directly used as behaviors of
attachment insecurity (Bradley et al., 2019; Buchheim et al., 2009;
Cohen et al., 2018; Cohen and Shamay-Tsoory, 2018; Ditzen et al., 2013;
Flanagan et al., 2018; Perry et al., 2015; Riem et al., 2014; Verhees et al.,
2020), and those of 13 studies were inversely scored as behaviors of
attachment insecurity (Chen et al., 2015; Ditzen et al., 2009; Hoge et al.,

2014; Kreuder et al., 2017; Mah et al., 2017; Marsh et al., 2012; Naber
et al., 2010; Riem et al., 2012; Scheele et al., 2014; Waller et al., 2015;
Wittfoth-Schardt et al., 2012; Zhao et al., 2018). Similarly, the measures
of seven studies were used as behaviors of attachment anxiety (Bradley
etal., 2019; Buchheim et al., 2009; Ditzen et al., 2013; Hoge et al., 2014;
Riem et al., 2012, 2014; Wittfoth-Schardt et al., 2012; Zhao et al., 2018),
those of 11 studies were used as behaviors of attachment avoidance (Bos
et al., 2018; Chen et al.,, 2015; Cohen et al., 2018; Cohen and
Shamay-Tsoory, 2018; Ditzen et al., 2009; Kreuder et al., 2017; Marsh
et al., 2012; Naber et al., 2010; Perry et al., 2015; Scheele et al., 2014),
and two studies provided the both measures (Flanagan et al., 2018;
Waller et al., 2015).
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4.4. Statistical analysis et al., 2018), F value of ANOVA test (Bos et al., 2018; Cohen et al., 2018;
Cohen and Shamay-Tsoory, 2018; Ditzen et al., 2013, 2009; Naber et al.,

Basing on the reported statistics including mean and standard devi- 2010; Perry et al., 2015; Scheele et al., 2014; Wittfoth-Schardt et al.,
ation (Chen et al., 2015; Flanagan et al., 2018; Hoge et al., 2014; Ver- 2012), and p value of t-test (Bradley et al., 2019; Buchheim et al., 2009;
hees et al., 2020), t value of regression analysis (Kreuder et al., 2017; Mah et al., 2017), we transformed such statistics as r values (Table S3 in

Marsh et al., 2012; Riem et al., 2012, 2014; Waller et al., 2015; Zhao Supplementary materials).

Study Sample size Correlation COR 95%-ClI
Positive context

Bos P, 2018 23 f -0.30 [-0.63; 0.13]
Hoge E, 2014 data 1 29 = -0.76 [-0.88; -0.54]
Hoge E, 2014 data 2 18 —=— 065 [0.27; 0.86]
Kreuder A, 2017 96 ; -0.20 [-0.39; 0.00]
Marsh A, 2012 56 —a -0.34 [-0.59; -0.03]
Naber F, 2010 17 & -0.29 [-0.68; 0.22]
Riem M, 2012 42 ; -0.32 [-0.58; -0.01]
Random effects 281 _— -0.26 [-0.52; 0.04]

Heterogeneity: /> = 80%, = 0.13, P< 0.01

Neutral context

Bradley E,2019 72 —E— -0.05 [-0.38; 0.28]
Chen F, 2015 48 —&— -0.08 [-0.36; 0.21]
Cohen D, 2018 a 24 —— -0.13 [-0.51; 0.29]
Cohen D, 2018 b 42 = -0.30 [-0.56; 0.01]
Perry A, 2015 data 1 20 —T -0.12 [-0.51; 0.30]
Perry A, 2015 data 2 20 = 0.09 [-0.33; 0.48]
Scheele D, 2014 40 —= -0.17 [-0.46; 0.15]
Waller C, 2015 24 —a— -0.16 [-0.53; 0.26]
Wittfoth S, 2012 17 = 0.19 [0.32; 0.61]
Zhao W, 2018 86 i -0.22 [-0.41; -0.01]
Random effects 393 <= -0.14 [-0.24; -0.03]

Heterogeneity: I1=0%, ©“=0, P=0.86

Negative context

Buchheim A, 2009 26 —a -0.41 [-0.69; -0.03]
DitZen B, 2009 94 5 -0.21 [-0.39; -0.01]
Ditzen B, 2013 94 — 0.21 [0.01; 0.40]
Flanagan J, 2018 data 1 30 i 0.14 [-0.24; 0.47]
Flanagan J, 2018 data 2 30 — 0.04 [-0.33; 0.39]
Mah, 2017 25 ' -0.19 [-0.55; 0.22]
Riem M, 2014 50 —E— 0.32 [0.05; 0.55]
Verhees M, 2020 data 1 50 —a T -0.17 [-0.43; 0.11]
Verhees M, 2020 data 2 50 + 0.08 [-0.20; 0.35]
Random effects 449 = -0.01 [-0.17; 0.15]
Heterogeneity: /% = 62%, ° = 0.04, p< 0.01

Over all

Random effects 1123 < -0.12 [-0.22; -0.01]
Heterogeneity: /° = 64%. ° = 0.05, p < 0.01

-0.5 0 0.5

Fig. 4. Effects of intranasal OT adminstration on behaviors of attachment insecurity (Positive context: r = —0.26, 95% CI = —0.52 ~ 0.04, z = —1.69, p = 0.09;
neutral context: r = —0.14, 95% CI = —0.24 ~ —0.03, z = —2.52, p = 0.01; negative context: r = —0.01, 95% CI = —0.17 ~ 0.15, z = 0.10, p = 0.92; Overall:
r=-0.12, 95% CI = —0.22 ~ —0.01, z = —2.12, p = 0.03).
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4.5. Results

A meta-analysis showed that OT administration could significantly
lessen the behaviors of attachment insecurity (r = —0.12, 95% CI =
—0.22 ~ —0.01, 2 = —2.12, p = 0.03; Begg’s test: tau = 0.07, z = 0.51,
p = 0.61; Egger’s regression: t 24 = 0.06, p = 0.95; Fig. 4). Sensitivity
analysis indicated that the effect sizes after removing any single study
(r = —0.14 ~ —0.09) did not deviate from the overall 95% CI = —0.22 ~
—0.01 (Fig. S6). We further examined whether the effects of OT
administration are modulated by social contexts. According to whether
the interpersonal situations could elicit strong emotions of individuals or
attachment figures, we classified behavioral measures of seven studies
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into negative context group (e.g., emotional responses to romantic
conflicts, emotional responses of listening infant’s cry), six studies into
positive context group (e.g., pleasantness of partner’s touch, cute rating
of infants’ faces), and nine studies into neutral context group (e.g.,
calmness of watching infant’s faces, likeability rating of friends). A
meta-analyses indicated that intranasal OT administration could
significantly reduce behaviors of attachment insecurity of neutral
context (r = —0.14, 95% CI = —0.24 ~ —0.03, z = —2.52, p = 0.01), but
not negative context (r = —0.01, 95% CI = —0.17 ~ 0.15, z =0.10,
p = 0.92) and positive context (r = —0.26, 95% CI = —0.52 ~ 0.04,
z=-1.69, p = 0.09). Furthermore, a meta-analysis showed that OT
administration significantly reduced behaviors of attachment avoidance

Study Sample size
Attachment anxiety

Bradley E,2019 72
Buchheim A, 2009 26
Ditzen B, 2013 94
Flanagan J, 2018 data 1 30
Flanagan J, 2018 data 2 30
Hoge E, 2014 data 1 29
Hoge E, 2014 data 2 18
Riem M, 2012 42
Riem M, 2014 50
Waller C, 2015 24
Wittfoth S 2012 17

Random effects 432
Heterogeneity: /° = 83%, t° = 0.14, p < 0.01

Attachment avoidance

Bos P, 2018 23
Chen F, 2015 100
Cohen D, 2018 a 24
Cohen D, 2018 b 42
DitZen B, 2009 94
Flanagan J, 2018 data 1 30
Flanagan J, 2018 data 2 30
Kreuder A, 2017 96
Marsh A, 2012 56
Naber F, 2010 17 -
Perry A, 2015 data 1 20
Perry A, 2015 data 2 20
Scheele D, 2014 40
Waller C, 2015 24
Zhao W, 2018 86

Random effects 702
Heterogeneity: 12=29%, = 0, p =013

-0.6
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Fig. 5. Effects of intranasal OT administration on behaviors of attachment anxiety (r = —0.08, 95% CI = —0.32 ~ 0.16, z = —0.67, p = 0.50) and attachment

avoidance (r = —0.13, 95% CI = —0.21 ~ —0.04, z = —2.89, p < 0.01).
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(r=-0.13,95% CI = —0.21 ~ —0.04, 2 = —2.89, p < 0.01; Begg’s test:
tau = 0.14, z = 0.76, p = 0.44; Egger’s regression: t 14 = 0.12, p = 0.91;
Fig. 5), but not behaviors of attachment anxiety (r = —0.08, 95% CI =
—0.32 ~ 0.16, z = —0.67, p = 0.50; Begg’s test: tau = —0.07, z = 0.31,
p = 0.76, and Egger’s regression: t g = 0.76, p = 0.46; Fig. 5).

5. Discussion

We estimated the associations between peripheral OT and attach-
ment dimensions and investigated the effects of intranasal OT admin-
istration on behaviors of attachment insecurity. The analyses indicated
that peripheral OT level is not significantly related to attachment di-
mensions and situational attachment behaviors, while intranasal OT
administration can reduce behaviors of attachment insecurity. The
findings suggest that intranasal OT administration but peripheral OT
level modulates situational behaviors of attachment insecurity.

Inconsistent with previous studies indicating that peripheral OT level
is linked with attachment dimensions (Eapen et al., 2014; Feldman et al.,
2011; Kohlhoff et al., 2017; Plasencia et al., 2019; Weisman et al., 2013),
our analysis showed that peripheral OT level is not significantly related
to attachment dimensions of adults, regardless of the differences in
attachment figures. Of note, there are mismatches in the time of OT
measuring and attachment experiences, such that peripheral OT mea-
sures reflect one’s current peripheral OT level, while attachment mea-
sures tap one’s past attachment experiences (Ravitz et al., 2010).
Considering that the peripheral OT measurements could not well reflect
one’s OT level when individuals are interacting with attachment figures,
it may be not an available biomarker. Moreover, OT levels of biological
samples (e.g., blood, saliva, and urine) are not significantly correlated
(Feldman et al., 2011; McCullough et al., 2013), which possibly results
from the differences in the sources of circulating endogenous OT (e.g.,
blood OT from pituitary gland and salivary OT from salivary glands) and
neurobiological significance. The mixture in sample types led to a high
heterogeneity in meta-analysis.

Given that peripheral concentration was used as an indirect index for
estimating of brain OT concentration, we estimated the associations
between OT level and behaviors of attachment insecurity. Against our
expectation, peripheral OT is not related to behaviors of attachment
insecurity of parental-infant interactions and romantic relationships. In
previous studies, situational behaviors such as affectionate contact and
warming statement were inversely encoded as behaviors of attachment
insecurity (Feldman et al., 2010; Gordon et al., 2010), and peripheral OT
level pre or post interpersonal interactions was recorded (Feldman et al.,
2010; Gordon et al.,, 2010). OT level pre interpersonal interaction
mainly indexes a baseline of OT level, while OT level post interpersonal
interactions is significantly sparked by interpersonal interactions. Given
that OT baseline level is influenced by social contextual factors, the level
has low power in predicting consequent behaviors. By contrast, the
temporary changes of OT levels are more closely related to interpersonal
interactions (Grebe et al., 2017; Strathearn et al., 2009), which may be a
better index for estimating the relationships between OT functions and
attachment behaviors. Of note, only five studies measured the changes
of OT level across interpersonal interactions (Daigle et al., 2020;
Elmadih et al., 2014; Feldman et al., 2010; Grebe et al., 2017; Lebowitz
et al., 2017), but six studies measured OT level of pre-interpersonal
interactions (Apter-Levi et al., 2014; Atzil et al., 2011; Bick et al.,
2013; Gordon et al., 2010; Grewen et al., 2005; Ulmer-Yaniv et al.,
2016), and nine studies measured OT level of post-interpersonal in-
teractions (Algoe et al., 2017; Bick and Dozier, 2010; Gordon et al.,
2017; MacKinnon et al., 2014; Markova, 2018; Markova and Siposova,
2019; Miura et al., 2015; Taylor et al., 2019; Vittner, 2019). The mixture
in OT level also reduced the analysis power.

Our meta-analysis showed that intranasal OT administration can
reduce situational behaviors of attachment insecurity, particularly be-
haviors of attachment avoidance. As for psychobiological mechanisms,
the roles of OT in social motivations possibly contribute to the relief of
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OT in behaviors of attachment insecurity. According to social approach-
avoidance hypothesis, in which OT accounts for social effects through
up-regulating approach motivation and down-regulating avoidant
motivation (Harari-Dahan and Bernstein, 2014; Kemp and Guastella,
2011), the relief of intranasal OT administration in behaviors of
attachment avoidance possibly results from up-regulations of OT on
approach motivation and down-regulation of OT on avoidant motivation
of individuals in time of stress (Cohen and Shamay-Tsoory, 2018;
Harari-Dahan and Bernstein, 2014; Kemp and Guastella, 2011). For
neurobiological mechanisms, intranasal OT administration increases OT
level in the brain areas (e.g., amygdala, hippocampus, caudate nucleus,
ventral striatum, anterior cingulate, inferior frontal gyrus, anterior
insula, and superior temporal gyrus) via a direct nose-to-brain route,
which in turn acts on central oxytocin receptors to exert its behavioral
effects (Born et al., 2002; Martins et al., 2020; Quintana et al., 2021). For
instance, studies have indicated that OT administration, on one hand,
increases the activities in right posterior superior temporal gyrus in
recognizing voice-identity (Borowiak and von Kriegstein, 2020) and the
connectivity between hippocampus and bilateral ventral tegmental area
in perceiving facial trustworthiness (Teed et al., 2019), on the other
hand, reduces the activations in bilateral inferior frontal gyrus in
inferring others’ emotions (Schmidt et al., 2020) and the activations in
amygdala in response to fearful faces (Skvortsova et al., 2020).

The activities of sympathetic nervous system could also mediate the
effects of OT administration on social behaviors (Ditzen et al., 2013;
Kubzansky et al., 2012; Riem et al., 2020). Intranasal OT administration
can lead to a supra-physiologic concentration of OT in peripheral blood
(Aydin et al., 2019; Leng and Ludwig, 2016; Neumann et al., 2013),
which in turn sparks great reactivity of sympathetic nervous system
(Ditzen et al., 2013; Gamer and Buchel, 2012; Norman et al., 2011) and
a subsequent functional coupling between paraventricular nucleus and
brain regions involving sympathetic branches of the autonomic nervous
system (Yee et al.,, 2016). Accordingly, considering that intranasal
administered oxytocin travels both to the brain via the olfactory and to
the periphery via highly vascularized nasal cavity, we infer that the
regulations of intranasal OT administration on attachment insecurity
possibly result from the effects of OT on brain functions and sympathetic
nervous system. Of note, the effects of intranasal OT administration
greatly depend on the genotypes of oxytocin receptor gene (Feng et al.,
2015; Van Cappellen et al., 2016). Considering that the genotypes are
fixed characters of an individual, we could control them as variables
when investigating the effects of intranasal OT administration on
attachment-related behaviors in future study.

Our meta-analysis shows that intranasal OT administration can
reduce behaviors of attachment insecurity. Due to the modulations of OT
on social behaviors are constrained by social contexts of interpersonal
interactions (Bartz et al., 2011), the effects of intranasal OT adminis-
tration on behaviors of attachment insecurity possibly depend on social
salience of interpersonal interactions. Indeed, we found that intranasal
OT administration can selectively reduce behaviors of attachment
insecurity of neutral contextual interactions. According to the social
salience hypothesis (Bartz et al., 2011), we infer that intranasal OT
administration  possibly makes individuals attend more
attachment-related information and better understand other’s needs for
safety and proximity. In neutral context, due to interpersonal cues are
ambiguous, intranasal OT administration maybe amplify one’s percep-
tion and attention to these cues (Spengler et al., 2017; Wang and Ma,
2020). By contrast, social cues of approach or avoidant behaviors in
negative and positive situations are salient. All individuals can well
perceive the interpersonal cues and quickly response to others, no
matter whether they have received intranasal OT administration. Of
note, the emotion valences of such interpersonal situations were not
conceptualized as neutral, negative, or positive context by the primary
studies themselves. Two of our authors who have over ten years of
research experience in field of attachment evaluated the emotion va-
lences, during which we classified interpersonal situations that could
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not elicit strong emotions into neutral context group. We acknowledged
that the neutral context situations did not sound very neutral, and some
of them sound more positive. The subjectivity in emotion valence ratings
possibly reduced the reliability of our meta-analysis. Overall, these
findings implicate a potential therapeutic practice of OT administration
for attachment-related dysfunctions (Boris and Renk, 2017; Schroder
et al., 2019), in which intranasal OT administration may increase one’s
attention to ambiguous social cues and differentiates self-appraisals on
interpersonal relationship (Bartz et al., 2011). Of note, OT may have
divergent effects in psychiatric and healthy populations. Future work
should pay more attention to the effects of OT in clinical populations.
Several limitations of the meta-analyses should be noticed. First,
considering the effect sizes in several statistic formats, we transformed
them as a uniformed format. The statistic differences between original
information and transformative values in some studies reduced the
reliability of meta-analyses. Second, we treated situational behaviors
such as parental behaviors and warm contact as attachment behaviors.
Among them, some behaviors (e.g., likeability for physically formidable
men) may be not closely related to attachment insecurity. The re-
liabilities of such behaviors were not well considered in the analysis.
Third, primary studies of the meta-analysis did not assess OT level in the
brain. Given that only very small amounts of peripherally circulating OT
can cross the blood-brain barrier, peripheral OT level has a weak power
in indexing brain OT level. Our findings therefore only suggest that
peripheral OT level is not associated with human attachment. The roles
of brain OT in attachment behaviors should be examined in future work.

6. Conclusions

The meta-analyses reveal that peripheral OT level is not related to
attachment insecurity, while intranasal OT administration can reduce
behaviors of attachment insecurity of interpersonal interactions with
ambiguous social cues.
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