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ABSTRACT

Objective: Two lines of research, on outcome moderators and on novel treatment targets, seek to
improve the overall efficacy of child anxiety treatment, with mixed results. We propose that an
integration of both lines of research can lead to improved treatment efficacy. In a first proof of
concept of this approach, we studied whether the interaction between baseline levels and
targeted changes in peripheral oxytocin (OT) can predict differential responses to two childhood
anxiety treatments.

Method: A total of 124 mother-child dyads participated in the study. Children’s salivary OT levels
were measured at baseline and again, immediately after an experimental dyadic interaction in the
lab. Dyads were subsequently randomized to receive one of two treatments, differing in their
targets: SPACE (Supportive Parenting for Anxious Childhood Emotions) and CBT (cognitive-
behavioral therapy). Treatment outcomes were assessed using the Childhood Anxiety Related
Emotional Disorders scale, reported by both mother and child.

Results: The findings suggest that in SPACE, where the mother is the main agent of change, higher
baseline levels of child OT, coupled with increases in OT following a positive mother-child inter-
action, predicted greater treatment efficacy. By contrast, in CBT, where the child is the main agent
of change, higher baseline levels of child OT, coupled with a decrease in OT following the
interaction, predicted greater treatment efficacy.

Conclusions: The findings highlight the importance of the integration between moderators and
targets of treatments for progress toward improving treatment efficacy through precision

medicine.

Accumulating findings across meta-analyses show that
treatments for childhood anxiety disorders are insuffi-
ciently effective in up to half of cases (Weisz et al., 2017).
These findings are especially worrisome given the high
prevalence of childhood anxiety disorders (Costello
et al., 2005) and their adverse short and long-term con-
sequences (Essau et al.,, 2000; Vigo et al., 2016). Over
recent decades, much effort has been invested in identi-
fying predictors indicating who may benefit from treat-
ment, and moderators indicating the differential effects
of treatments, with the aim of matching individuals with
their most effective treatments (National Institute of
Mental Health, 2015). Yet, few consistent findings
emerged to date (Lebowitz et al., 2021).

It has been suggested that when identifying predic-
tors and moderators of treatment efficacy, it is impor-
tant to take into account both the baseline levels of
a given construct and its responsivity to targeted manip-
ulations (Zilcha-Mano, 2020). Interactions between
baseline levels and targeted changes in a given construct

may signal the importance of targeting that construct
(Zilcha-Mano, 2017; Zilcha-Mano & Fisher, 2022).
Findings support the importance of focusing on the
interactions between baseline levels and targeted
changes in a given construct for improving treatment
efficacy. For example, the effect of state-like improve-
ments in the client-therapist alliance on treatment out-
come was dependent on the client’s trait-like ability to
form a strong alliance (Zilcha-Mano, 2017; Zilcha-
Mano & Fisher, 2022). Such interactions between base-
line levels and treatment-related changes are of special
interest when focusing on biological measures, which
may directly tap into treatment mechanisms. For exam-
ple, the effect of normalization of amygdala hyperacti-
vation on treatment outcome was found to be
moderated by the client’s baseline levels of amygdala
hyperactivation. Normalization of the amygdala hyper-
activation was associated with better treatment outcome
only for clients with baseline hyperactivation of the
amygdala (Zilcha-Mano et al., 2022).
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In the context of psychosocial treatments for anxiety
disorders in children, several biological measures have
been suggested, including amygdala-based connectivity
(White & Pine, 2017) and the neural reward circuitry
(Sequeira et al., 2021). One biological system that has
received attention is the oxytocinergic system. Oxytocin
(OT), a nine-amino-acid cyclic neuropeptide produced
in the paraventricular nucleus of the hypothalamus, is
implicated in anxiety regulation and the modulation of
close interpersonal and attachment behavior (Feldman,
2015). It has been argued that OT serves as a biological
mechanism by which bonds are formed and strength-
ened across species (Algoe et al., 2017). OT is considered
to play an important role in social interactions, intimate
relationships, and the regulation of social behavior (e.g.,
Carter, 1998; Carter et al., 2008; Heinrichs & Domes,
2008), and to facilitate attachment security and parent-
child bonding (Feldman, Gordon, & Zagoory-Sharon,
2010; Fries et al., 2005).

OT may facilitate bond formation and maintenance
by increasing states of calmness and approaching beha-
viors, and reducing stress and negative mood (Gordon
et al, 2008). OT has an anxiety-lowering effect,
mediated by modulation of the amygdala, the hypotha-
lamic (pituitary) adrenal axis, and the cardiovascular
system. The anxiety-lowering effect of OT may trigger
affiliative processes by being released when a safe situa-
tion involving another person is sensed, thereby moti-
vating approach behaviors and reciprocity (Merolla
et al,, 2013), as well as empathy (Shamay-Tsoory, 2011;
Shamay-Tsoory et al., 2013) and compassion (Palgi
et al., 2016).

Findings suggest that anxiety disorders are linked to
low levels of salivary OT in children (Lebowitz et al.,
2016). Findings further suggest the importance of both
baseline levels of OT and of changes in OT occurring
during interpersonal interactions (Feldman, Gordon, &
Zagoory-Sharon, 2010; Lebowitz et al., 2016, 2017), as
indicators of the quality of interpersonal interactions
and of subsequent treatment outcomes. Baseline OT,
measured in both plasma and saliva, was found to be
individually stable over a period of months and even
years, representing a trait-like characteristic of the indi-
vidual (Feldman et al., 2007, 2013; Priel et al., 2019;
Schneiderman et al., 2012). Baseline OT has been con-
sidered a biomarker of social-affiliative functioning,
such as affiliative tendency, empathy, social fitness,
social engagement, and reciprocal relational style. State-
like changes in OT have also been found to be important
and serve as markers for affiliative experiences
(Feldman, Gordon, Schneiderman, et al., 2010) and
psychosocial stress (Elmadih et al., 2014; Seltzer et al.,
2010). The release of OT is stimulated by interpersonal

cues, such as the touch of a significant person, making
its state-like changes a social biomarker (Insel, 2010).
State-like changes in OT have been argued to be
a potentially important mechanism of change in psy-
chotherapy (Zilcha-Mano et al., 2020). Findings suggest
that client-therapist synchrony mediates the effect of
clients’ interpersonal abilities and treatment outcome
(Zilcha-Mano et al., 2021). Furthermore, Jobst et al.
(2018) found that both trait-like levels of OT (higher
oxytocin plasma levels at baseline) and state-like levels
(faster recovery following a social exclusion manipula-
tion) correlated with greater changes in self-reported
depressive symptoms. No study to date has tested the
interactive effect between baseline levels of OT and
changes in these levels as a result of interpersonal inter-
action, as potential predictors or moderators of child
anxiety treatment outcomes.

The current study investigated the ability of the inter-
action between baseline peripheral child-OT levels and
targeted manipulation-related changes in the child-OT
levels to serve as a predictor and a moderator of treat-
ment outcome in childhood anxiety disorders. The tar-
geted manipulation was an experimentally designed
parent-child interaction. To minimize noise resulting
from contextual effects of the interaction (Shamay-
Tsoory & Abu-Akel, 2016), we instructed child-mother
dyads to engage in a positive interaction in the lab (the
Fun Day task) before the start of treatment. The Fun
Day task was developed for evaluating parent-child
reciprocity, maternal sensitivity, and child engagement
(Feldman, 1998). It was found to be sensitive to both
differences between parent-child dyads (Weisman et al.,
2015) and changes within the dyad in reciprocity
throughout development (Feldman, 2010). The Fun
Day task has also been previously found to explore
change in OT levels in anxious children (Lebowitz
et al., 2016). We tested a potentially differential effect
for two treatment conditions, one building on the
mother as an agent of therapeutic change, targeting
the parent-child interactions, the other in which the
child is the change agent. Specifically, we hypothesized
that in SPACE, where the mother is the main agent of
change, higher baseline levels of child OT, coupled with
increases in OT following a positive mother-child inter-
action, predict greater treatment efficacy. This hypoth-
esis is based on the reasoning that an increase in the
release of OT during a positive interaction with the
parent may serve as a marker of the potential therapeu-
tic effect of targeting the parent-child relationship
through the therapeutic work with the parent. By con-
trast, in CBT, where the child is the main agent of
change, we hypothesized that higher baseline levels,
coupled with a decrease in OT following the interaction,



predict greater treatment efficacy. This hypothesis is
based on the reasoning that a decrease in OT during
such an interaction that was designed to be positive may
serve as a counter indication for the potential therapeu-
tic merit of targeting the parent-child relationship, and
the need for searching for alternative targets of treat-
ments, such as those possible in individual treatment
focused on the child. We used data from a recent ran-
domized controlled trial comparing SPACE (Supportive
Parenting for Anxious Childhood Emotions) and child-
based cognitive-behavioral therapy (CBT).

Method
Participants

One hundred twenty-four mother-child dyads parti-
cipated in the randomized controlled trial (RCT).
The study was approved by the institutional review
board. Children’s mean age was 9.6 (range 7-14, SD
=2.45), and 53% were female; they were predomi-
nantly white (83%). The primary anxiety diagnoses
were generalized anxiety disorder (35.2%), social
phobia (11.8%), separation anxiety disorder (18.2%),
and specific phobia (11.8%). Details of the study
including more complete sample characterization
and description of procedures are provided elsewhere
(Lebowitz et al., 2020).

Treatments

Study participants were randomly assigned to one of
two manualized 12-session treatments: SPACE and
CBT. In SPACE (N = 64), parents received parent-only
sessions, targeting accommodation reduction (Lebowitz
& Omer, 2013; Lebowitz et al., 2014) with no direct
child-therapist contact. In CBT (N=60), children
received exposure-based CBT (Silverman et al., 2009),
with no direct parent-treatment sessions. Therapists
were crossed across treatment arms to reduce therapist
variance. Primary and secondary outcomes of the trial
have been previously reported (Lebowitz et al., 2019).
Briefly, SPACE was found to be non-inferior to CBT
across all outcome measures assessed, attrition did not
differ significantly between groups, and treatment cred-
ibility was high for both treatments.

Measures

Childhood Anxiety Symptom Severity

Parallel parent and child versions of the Screen for
Childhood Anxiety Related Emotional Disorders
(SCARED-P and SCARED-C, respectively) 41-item
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rating scale of childhood anxiety symptoms were
administered. Internal consistency was good (a=.89
and a=.91for the parent and the child versions,
respectively). We chose the SCARED because it is
a widely used instrument that evaluates the perspec-
tives of both parent and child, and both versions
received good to excellent scores on all psychometric
criteria in recent evidence-based reviews of youth anxi-
ety measures (Etkin et al., 2021a, 2021b).

Procedure

After describing the study to the parents and children,
parents’ written informed consent and children’s writ-
ten assent were obtained. Separately, children and
mothers completed the SCARED at baseline, mid-
treatment (following the sixth session) and post-
treatment (following the 12th session). Although
there is a debate regarding the reproducibility of OT
assays and the association between plasma, salivary,
urinary, and cerebrospinal fluid, OT levels, and the
different forms of sample preparation (MacLean
et al., 2019), there is some evidence suggesting that
OT levels in plasma and saliva are interrelated
(Feldman et al., 2011), therefore we used salivary OT
measurements because they are minimally intrusive.
At baseline, children provided a salivary sample for
analysis, then children and mothers participated in
a brief, seven-minute dyadic interaction during which
they planned a “fun day” together (for details, see
(Lebowitz et al., 2016). A second saliva sample was
collected from the children after the dyadic interaction.
Saliva samples were collected using salivettes (Sarstedt,
Rommelsdorf, Germany), between 4 pm and 5 pm,
after a 2-hr fast. The salivettes were stored at —20°C
until they were centrifuged at 1,000 x g for 2 min for
saliva release. Liquid samples were kept at—80°C, until
lyophilized, and stored at-20°C (usually only for 2
hours) before they were tested. The lyophilizer worked
at —89°C under vacuum (0.027 mbar). OT levels were
analyzed using a commercially available enzyme linked
immunosorbent assay (ELISA) kit from Enzo (NY,
USA). Measurements were performed in duplicate.
Further details about the design and procedures used
are described elsewhere (Lebowitz et al., 2019). The
data do not overlap with previous publications on OT
during the Fun Day task (Lebowitz et al., 2016; Polack
et al., 2021).

Overview of Statistical Analyses

To test moderation, we assessed the interactive
effects of pre-randomization OT levels, both pre-
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and post-Fun Day task (Kraemer et al., 2002). To test
the ability of the interaction between baseline child-
OT and changes in child-OT to predict differential
response to treatment (SPACE vs. CBT), as well as
treatment outcome in general, we used linear regres-
sion analyses. Following De Los Reyes (2017), we
operationalized treatment outcome as the level of
symptoms post-treatment, controlling for individual
differences in the level of symptoms pre-treatment.
To operationalize change in OT levels, we used resi-
dual scores of post-interaction predicted by baseline
levels. We included the 3-way interaction between
baseline OT, residual scores of OT, and treatment
condition, and each of the lower-level interactions
and main effects to predict treatment outcome. If
a 3-way interaction was not significant, thus not
supporting a differential effect for treatment, we
tested the ability of the interaction between baseline
OT and OT residual scores to predict outcome across
treatments. Analyses were repeated twice, for each
outcome variable (SCARED-P, SCARED-C). We
used the MissForest package in R to impute missing
observations in the independent variables.
Specifically, 109 participants had OT baseline and
107 participants had OT post-interaction scores.
Additionally, 104 participants had the SCARED-P
outcome and 104 had the SCARED-C outcome. We
used MissForest to impute OT observations only for
individuals for whom OT observations but not out-
come observations were missing. This procedure
resulted in imputing 11 baseline OT observations
and 12 post-interaction OT observations. For the
outcome data, for individuals with mid-treatment
but not post-treatment outcome, the mid-
observation was carried forward and used in the
analyses. Individuals with missing mid-treatment
and post-treatment observations were removed from
the analyses.

We used the following equations for the SCARED-P
and the SCARED-C:

SCRDp/c.post =by+b;*SCRDp/c.pre+Db,
*OTc.post.residuals+b;
*OTc.pre+bs+Condition+bs*OTc.post.residual
*OTc.pre+bg+xOTc.post.residual * Condition+b;
*OTc.pre * Condition+bg+OTc.post.residual

*OTc.pre * Condition + error

where SCRDp/c.post = post-treatment SCARED for
parent report and child report (separate models);
SCRDp/c.pre = pre-treatment SCARED for parent
report and child report (separate models); OTc.post.

residuals = OT at post-interaction, residualing out base-
line scores; Condition = SPACE vs. CBT.

Results
Preliminary Analyses

Descriptive statistics for OT levels and outcome vari-
ables (SCARED-P, SCARED-C) at baseline and
post-intervention appear in Table S1 in the online sup-
plement. The correlations between age and OT at base-
line and post-interaction were r=.08, p=.36 and
r=.11, p = .23, respectively.

A significant 3-way interaction was found between
baseline and changes in OT levels and treatment condi-
tion in predicting post-treatment SCARED-P (p =0.02,
S.E.=0.01, t=2.06, p =.042; see Table S2 in the online
supplement). As shown in Figure la, in SPACE, we
found a medium size trend level effect, according to
which for individuals with higher levels of baseline
OT, the association between an increase in OT and
lower symptom levels was stronger. By contrast, in
CBT, we found a medium size trend level effect, accord-
ing to which for individuals with higher levels of base-
line OT, association between a decrease in OT and lower
symptom levels was stronger.

The 3-way interaction for SCRD-C was not signifi-
cant (p =.35), but we found a significant 2-way interac-
tion between baseline OT and changes in OT in
predicting post-treatment child-SCRD (p=-0.011,
S.E.=0.005, t=-2.205, p =.02; Figure 1b; see Table S3
in the online supplement). Findings suggest that for
individuals with higher levels for baseline OT, the asso-
ciation between an increase in OT and lower symptom
levels was stronger.

Sensitivity Analyses

Because previous studies used change scores, to remain
consistent with previous studies, we used change scores
instead of residual scores for OT to test whether findings
replicated those reported above. Findings remained
similar to those reported above. The 3-way interaction
for parent-SCARD remained significant (f=0.018,
S.E.=0.007, t=2.521, p =.013), yielding the same pat-
tern of differential effects for SPACE and CBT reported
above. Likewise, the 2-way interaction for child-SCRD
was significant (f=-0.009, S.E. = 0.004, t = -2.358, p =.02).

Discussion

Findings provide support for the ability of the interac-
tion between baseline child peripheral OT levels and
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Figure 1. (a) The moderating effect of changes in child OT on the association between baseline child OT and post-treatment SCARED-
P, separately for SPACE and CBT; (b) the predicting effect of changes in OT on the association between baseline OT and post-treatment
SCARED-C. The figures demonstrate the associations when baseline OT is high and when it is low, based on the 3-way interaction

model. The shading represents the confidence intervals (95%).

manipulation-related changes in child OT levels to pre-
dict and moderate childhood anxiety treatment out-
comes from the child’s and the parent’s perspectives,
respectively. First, findings based on parent-reported
treatment outcomes may suggest that the interaction
between baseline OT and changes in OT (operationa-
lized as residual scores) can predict differential efficacy
of SPACE vs. CBT. In SPACE, where the mother is the
main agent of therapeutic change, higher baseline levels
of OT, coupled with increases in OT following a positive
mother-child interaction, showed a moderate effect size
in predicting greater treatment efficacy. By contrast, in
CBT, where the child is the main agent of therapeutic
change, higher baseline levels of child OT, coupled with
decrease in OT as a result of the interaction with the
mother, showed a moderate effect size in predicting
greater treatment efficacy. Second, findings based on
child-reported treatment outcomes suggest that the
interaction between baseline OT and changes in OT
can predict treatment outcome, such that higher base-
line levels of OT, coupled with increases in OT follow-
ing the positive interaction with the mother, predicted
greater treatment efficacy. Findings should be replicated
in larger samples, before clinical implications can be
confidently inferred.

It is intriguing to speculate on potential explanations
of the pattern of findings obtained. The increase in OT
when interacting with the mother may signal the ability

of the mother to serve as an agent of positive change,
either enhancing the release of OT, or the release of OT
amplifying the positive interaction with the mother. In
such cases, SPACE, where the parent is the main agent
of change, may be recommended. By contrast, the
reduction in child OT following such mother-child
interaction may indicate that the parent may not be
the optimal agent of therapeutic change (due perhaps
to parental entanglement or a less positive mother-child
relationship). In such cases, a child-based treatment
such as CBT, in which the child is the agent of change
and the parent is less involved, may be more efficacious.
This explanation is supported by findings showing that
maternal ratings of family accommodation are nega-
tively associated with salivary OT levels in youths
(Lebowitz et al., 2016). The findings should be inter-
preted with caution given that they were found for the
parent but not the child perspective on outcome. These
distinct patterns for different perspectives on outcome
are consistent with the accumulating literature suggest-
ing that parent and child rating of psychopathology and
mental health represent complementary rather than
identical aspects of the child’s functioning and wellbeing
(De Los Reyes & Kazdin, 2005; Hawley & Weisz, 2003).
If replicated in future research, the findings may offer
new insights on a biomarker that has the potential to
shed light on the question of when targeting the parent-
child relationship may be more effective than working
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directly with the child. It is reasonable to assume that an
accountable personalized assignment of individuals to
their optimal treatment may depend on a collection of
interacting markers that have increased predictive valid-
ity when combined (Lebowitz et al., 2021). While mala-
daptive interpersonal patterns characterizing the
parent-child relationship, especially accommodating
behavior, may indicate the promising potential of tar-
geting the parent-child relationship, a positive initial
effect of targeting the relationship may indicate the
positive potential of the parent to serve as the agent of
therapeutic change.

It is intriguing to speculate on the possible factors
contributing to the distinct pattern of findings obtained
for parent- and child-reported outcomes. Interpreting
this difference requires caution, but one post hoc expla-
nation may be that parent ratings are more impacted by
the parent’s direct participation in treatment (as in
SPACE) leading to results that are different for SPACE
and for CBT. Child ratings may be less impacted by
treatment modality as the child is going through treat-
ment in both conditions (whether in person, as in CBT,
or through the changes parents make to their behavior,
as in CBT).

Accumulating evidence suggests that given the bio-
logical complexity of OT, varying approaches to sample
preparation and measurement of OT may yield different
and in some cases even conflicting findings owing to
differential sensitivity to diverse conformational states
of the OT molecule (Lefevre et al., 2017; Leng &
Sabatier, 2016; MacLean et al., 2019). Although there
are documented advantages of saliva over blood OT, the
current findings should be evaluated taking into account
the general debate regarding OT measurement
(MacLean et al., 2019). Another notable limitation of
the study is that the children’s baseline OT levels were
quantified based on a single sample. Although previous
studies of peripheral oxytocin have similarly relied on
a single assessment, baseline measures of OT are more
robust when they are repeated several times at the same
visit, and then the area under the curve (AUGC;
Pruessner et al., 2003) can be used to estimate the base-
line level. Future studies should also measure changes in
OT across a variety of experimental manipulations,
varying in the instructions provided to the child-
mother dyads, and monitoring their behaviors during
the interactions. Moreover, although a correct temporal
relationship has been established between the two OT
measurements collected pre-treatment and subsequent
treatment outcome, causality cannot be assumed, and
intranasal OT vs. placebo could be administered to
enable causal inferences (Josef et al., 2019).
Additionally, this study focused on mother-child

interactions and fathers were not directly involved in
the study procedures, but could attend parent-based
treatment sessions. Future studies should explore
whether findings can be generalized to child-father
dyads as well, and use child-stranger and child-peer
dyads for comparison. Future studies should also seek
to replicate the different patterns of results for mother-
and child-reported outcomes. Finally, the sample in this
RCT was medium in size and predominantly white,
limiting its generalizability.

Notwithstanding the study’s limitations and the need
for future research, the present study provides initial
positive support for OT as a potential agent indicating
change in treatments for childhood anxiety. The find-
ings suggest that coupling of higher baseline OT with
experimentally induced increase in OT as a result of
positive interaction with the mother predicts greater
treatment efficacy, especially for SPACE, where the par-
ent is the main agent of therapeutic change.
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