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Abstract 

Background  Intranasal administration of oxytocin is increasingly explored as a new approach to facilitate social 
development and reduce disability associated with a diagnosis of autism spectrum disorder (ASD). The efficacy of 
multiple-dose oxytocin administration in children with ASD is, however, not well established.

Methods  A double-blind, randomized, placebo-controlled trial with parallel design explored the effects of a 4-week 
intranasal oxytocin administration (12 IU, twice daily) on parent-rated social responsiveness (Social Responsiveness 
Scale: SRS-2) in pre-pubertal school-aged children (aged 8–12 years, 61 boys, 16 girls). Secondary outcomes included 
a questionnaire-based assessment of repetitive behaviors, anxiety, and attachment. Effects of oxytocin were assessed 
immediately after the administration period and at a follow-up, 4 weeks after the last administration. The double-blind 
phase was followed by a 4-week single-blind phase during which all participants received intranasal oxytocin.

Results  In the double-blind phase, both the oxytocin and placebo group displayed significant pre-to-post-improve-
ments in social responsiveness and secondary questionnaires, but improvements were not specific to the intranasal 
oxytocin. Notably, in the single-blind phase, participants who were first allocated to intranasal placebo and later 
changed to intranasal oxytocin displayed a significant improvement in social responsiveness, over and above the 
placebo-induced improvements noted in the first phase. Participants receiving oxytocin in the first phase also showed 
a significant further improvement upon receiving a second course of oxytocin, but only at the 4-week follow-up. Fur-
ther, exploratory moderator analyses indicated that children who received psychosocial trainings (3 or more sessions 
per month) along with oxytocin administration displayed a more pronounced improvement in social responsiveness.

Limitations  Future studies using larger cohorts and more explicitly controlled concurrent psychosocial trainings are 
warranted to further explore the preliminary moderator effects, also including understudied populations within the 
autism spectrum, such as children with co-occurring intellectual disabilities.

†Nicky Daniels and Matthijs Moerkerke are joined first-authors

†Bart Boets and Kaat Alaerts are senior authors

*Correspondence:
Kaat Alaerts
kaat.alaerts@kuleuven.be
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13229-023-00546-5&domain=pdf
http://orcid.org/0000-0002-1104-0409
http://orcid.org/0000-0002-7133-8418
http://orcid.org/0000-0003-2512-4694
http://orcid.org/0000-0002-3328-8560
http://orcid.org/0000-0003-1994-7846
http://orcid.org/0000-0002-9593-3000
http://orcid.org/0000-0001-8838-4480
http://orcid.org/0000-0002-4718-667X
http://orcid.org/0000-0001-8665-6374


Page 2 of 13Daniels et al. Molecular Autism           (2023) 14:16 

Conclusions  Four weeks of oxytocin administration did not induce treatment-specific improvements in social 
responsiveness in school-aged children with ASD. Future studies are warranted to further explore the clinical efficacy 
of oxytocin administration paired with targeted psychosocial trainings that stimulate socio-communicative behaviors.

Trial registration The trial was registered with the European Clinical Trial Registry (EudraCT 2018-000769-35) on June 
7th, 2018 (https://​www.​clini​caltr​ialsr​egist​er.​eu/​ctr-​search/​trial/​2018-​000769-​35/​BE).

Keywords  Autism spectrum disorder (ASD), Oxytocin, Social responsiveness, Randomized controlled trial

Background
Autism spectrum disorder (ASD) is a neurodevelopmen-
tal condition characterized by impairments in social com-
munication and interaction, combined with restricted 
and repetitive behaviors and interests [1]. While a variety 
of behavioral, pharmacological, and environmental inter-
ventions have been put forward to enhance the quality of 
life and reduce the disabilities associated with an autism 
diagnosis [2, 3], for many individuals, significant endur-
ing disability remains. In this context, several clinical 
trials have examined intranasal administration of oxy-
tocin (OT) as a new approach to facilitate social devel-
opment and reduce disability [4]. OT is an endogenous 
neuropeptide that is mainly produced in paraventricular 
nuclei of the hypothalamus. In the brain, OT acts as an 
important neuromodulator for a broad range of affiliative 
and prosocial behaviors, including interpersonal bond-
ing, social attunement and attachment [5–7], presumably 
mediated through its postulated top-down enhancing 
effect on ‘social salience’ and bottom-up effect on regu-
lating (social) stress and anxiety [8, 9].

Following a myriad of single-dose proof-of-principle 
studies [4], an initial multiple-dose pilot study assessed 
the safety and efficacy of 6 weeks of chronic intrana-
sal OT administration in 19 autistic adults (10 receiving 
24  IU 2x/day of OT, 9 receiving placebo) and showed 
improved emotion recognition and quality of life, and 
tentative improvements in repetitive behaviors after OT 
administration [10]. Later, significant improvements on 
the Clinical Global Impression-Improvement scale after 
12 weeks of OT administration in adult men with ASD 
were shown, albeit only in the subgroup of participants 
receiving the high-dose nasal spray administration (32 IU 
1x/day; n = 13), and not in the low-dose (16  IU 1x/day; 
n = 15) or placebo groups (n = 16) [11]. In an explora-
tory crossover study [12], the effects of 6 weeks of daily 
intranasal OT administration were studied in 18 adult 
men with ASD (9 receiving 24 IU 2x/day of OT, 9 receiv-
ing placebo), and significant improvements in social 
reciprocity and social functioning (social-judgment 
task) were identified. A confirmatory trial with an iden-
tical protocol as in [12] in 106 adult men with ASD (53 
receiving 24 IU 2x/day of OT, 53 receiving placebo) simi-
larly identified significant improvements in repetitive 

behaviors, but the effects on social reciprocity and social 
functioning could not be replicated [13]. These observa-
tions were further extended in an exploratory sample of 
40 young adult men with ASD (22 receiving 24 IU 1x/day 
of OT, 18 receiving placebo), demonstrating long-term 
improvements in repetitive behaviors and feelings of 
attachment after a 4-week course of OT administration, 
with improvements outlasting the period of administra-
tion till 1 year post-treatment [14].

Given that autism is an early-onset neurodevelopmen-
tal condition, it is important to extend these insights to 
pediatric populations, allowing evaluations of the efficacy 
of OT administration within an early developmental win-
dow and whether it can be facilitatory for enriching social 
behaviors and experiences from an early age onwards. To 
date, a handful of trials explored the effects of multiple-
dose OT administration in children with ASD. Two initial 
trials reported a consistent pattern of results, indicating 
improvements in the social domain (parent-reported 
social responsiveness) after 5 weeks of OT administra-
tion (12 IU 2x/day) in 3- to 6-year-old children with ASD 
(n = 31, crossover [15]) and after 4 weeks of OT adminis-
tration in 6- to 12-year-old children with ASD (14 receiv-
ing 24  IU 2x/day of OT, 18 receiving placebo [16]). No 
significant improvements on outcomes of social func-
tion or repetitive behaviors were demonstrated, however, 
after an 8-week OT administration period in adolescent 
boys with ASD (26 receiving 18 or 24  IU 2x/day of OT, 
24 receiving placebo, 12–18 years [17]), or in a prelimi-
nary 12-week administration trial encompassing a broad 
age range of 5- to 17-year-old children (8 receiving 12 IU 
1x/day of OT, 10 receiving placebo) with Phelan–McDer-
mid syndrome (characterized by ASD-like phenotypes 
[18]). Also, in a recent confirmatory trial including 3- to 
17-year-old children with ASD (139 OT / 138 placebo) 
and an age-adjusted dosing scheme ranging from a daily 
dose of 8–80 IU, no improvements on outcomes of social 
functioning were evident after 24 weeks of OT adminis-
tration [19].

Several factors have been put forward to understand 
these inconsistent results, ranging from heterogene-
ity in trial design (e.g., parallel versus crossover design, 
adopted outcomes, dosing scheme) to variation in partic-
ipant characteristics. For instance, the above-mentioned 

https://www.clinicaltrialsregister.eu/ctr-search/trial/2018-000769-35/BE
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well-powered confirmatory trial covered a broad age 
range (3–17 years) [19], encompassing a critical period of 
pubertal development, which could have rendered heter-
ogeneity due to differential physiologic effects of OT dur-
ing different developmental stages [20].

Here, results are presented from a single-center, ran-
domized, double-blind, placebo-controlled clinical 
trial (RCT with parallel design), testing efficacy on out-
comes of social functioning and safety of multiple-dose 
OT administration (4 weeks of twice daily intranasal 
administration of 12  IU) in a representative sample of 
8-  to 12-year-old children with ASD (40 OT/40 placebo). 
Accordingly, by examining OT administration effects in 
a relatively strict age range of pre-pubertal, school-aged 
children, the current trial particularly aimed to minimize 
the potential influence of sample heterogeneity on treat-
ment outcome. Further, following prior observations of 
long-lasting retention effects of OT administration in 
adults with ASD [14], the current trial similarly included 
a follow-up session 4 weeks after cessation of the daily 
OT administrations, testing the possibility of crucial 
retention effects in the current pediatric sample. After 
completing the follow-up session, participants were fur-
ther enrolled in a second ‘single-blind’ phase (phase II), 
allowing the placebo-first group to also receive the active 
OT nasal spray and the oxytocin-first group, to receive a 
second 4-week course of OT administration [14].

Finally, a series of exploratory analyses were conducted 
to examine whether individual variation in treatment 
response may relate to particular moderator variables. 
First, considering prior notions that expectancies about 
allocated treatment can impact treatment outcome [17], 
parental belief about allocated nasal spray (oxytocin 
versus placebo) was assessed and adopted as a poten-
tial moderator variable. Second, considering prior evi-
dence of differential effects of oxytocin administration 
in men and women [21], we investigated treatment effect 
moderation depending on the biological sex of the par-
ticipant. Further, the impact of other person-dependent 
variables, such as co-occurring conditions, medication 
use and ongoing engagement in psychosocial therapies 
during the OT administration period, was tested as pos-
sible moderator variables. The latter factor was included 
in light of recent notions that the context of nasal spray 

administration may impact the efficacy of oxytocin, espe-
cially if it is a socially stimulating context [22, 23].

Methods
General study design
The RCT with a parallel design assessing the effect of 
multiple-dose OT administration in children with ASD 
was performed at the Leuven University Hospital (Bel-
gium). The double-blind phase (phase I) was followed 
by a 4-week single-blind phase (phase II) during which 
all participants received intranasal OT. In both phases, 
OT administration effects were assessed immediately 
after the 4-week administration period (i.e., post-meas-
urement T1 and T3) and at a follow-up session 4 weeks 
after cessation of the daily administrations (i.e., follow-up 
measurement T2 and T4). Please see Fig. 1A, for a visual-
ization of the trial design and Fig. 1B for the CONSORT 
Flow diagram visualizing the number of participants ran-
domized and analyzed. Please also see Additional file  1 
outlining in more detail the trial design and the impact of 
COVID-19-related health restrictions on the recruitment 
and flow of participants in the trial.

Written informed consent from the parents and assent 
from the child were obtained prior to the study. Con-
sent forms and study design were approved by the Eth-
ics Committee for Biomedical Research at the University 
of Leuven, KU Leuven (S61358) in accordance with The 
Code of Ethics of the World Medical Association (Dec-
laration of Helsinki). The trial was registered at the 
European Clinical Trial Registry (EudraCT 2018-000769-
35) and the Belgian Federal Agency for Medicines and 
Health products. As indicated in the EudraCT registra-
tion, behavioral data collections were part of a broader 
assessment, including (neuro)physiological and biologi-
cal assessments (reports in preparation). The trial was 
monitored by the Clinical Trial Center at the University 
Hospital of Leuven, and all trial staff had Good Clini-
cal Practice certification and was trained in the study 
protocol.

Participants
Children with a formal diagnosis of ASD were recruited 
through the Autism Expertise Centre at the Leuven Uni-
versity Hospital between July 2019 and January 2021. The 

Fig. 1  Trial design (panel A) and CONSORT flow diagram of participants in the trial (panel B). Participants first underwent a double-blind phase 
(phase I) during which they were allocated to administer either oxytocin or placebo (4 weeks of twice daily intranasal administration). In phase I, 
nasal spray administration effects were assessed immediately after the last administration of the 4-week administration period (post, T1) and at a 
follow-up session, four weeks after cessation of the daily administrations (follow-up, T2). Phase I was immediately followed by a single-blind phase 
(phase II, during which all participants received four weeks of intranasal oxytocin. Also in phase II, nasal spray administration effects were assessed 
immediately after the four-week administration period (post, T3) and at a follow-up session, four weeks after cessation of the daily administrations 
(follow-up, T4) (panel A). The CONSORT flow diagram (panel B) visualizes the number of participants throughout the trial, indicating completed 
assessments at each session, separately for parent informant- and child self-reports

(See figure on next page.)
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Fig. 1  (See legend on previous page.)
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diagnosis was established by a multidisciplinary neuro-
pediatric team based on the strict criteria of the DSM-5 
(Diagnostic and Statistical Manual of Mental Disor-
ders) [1]. Prior to randomization, the Autism Diagnostic 
Observation Schedule (ADOS-2) [24] and estimates of 
intelligence (four subtests of the Wechsler Intelligence 
Scale for Children, Fifth Edition, Dutch version) [25] 
were acquired (Table  1). The performance intelligence 
quotient (IQ) was derived from the subtests Block Design 
and Figure Puzzles. The verbal IQ was derived from the 
subtests Similarities and Vocabulary.

Inclusion/exclusion criteria Principal inclusion criteria 
comprised a clinical diagnosis of ASD, age (8–12  years 
old), intelligence quotient (IQ) above 70, native Dutch 

speaker, a stable background treatment for at least 4 
weeks prior to the screening and no anticipated changes 
during the trial. Only premenstrual girls were included. 
Principal criteria for exclusion comprised any neurologi-
cal (e.g., stroke, epilepsy, concussion) or significant physi-
cal disorder (liver, renal, cardiac pathology) or prior use 
of OT nasal spray (see Additional file 1: Table S1).

Sample size A total of 80 participants (40 in each treat-
ment arm) participated in the trial, allowing to detect 
a medium effect size (d = 0.60) with α = 0.05 and 80% 
power, corresponding to effect sizes previously reported 
in a 4-week oxytocin trial with school-aged children [16].

Medication use, co-occurring conditions and partici-
pation in ongoing therapies/trainings The presence of 

Table 1  Demographic characteristics of the trial participants at baseline (T0), separately for the oxytocin and placebo groups

Data are shown as mean ± standard deviation. Values printed in bold are significant differences with p-values smaller than 0.05

M male, F female, R right, L left, WISC-V Wechsler intelligence scale for children, ADOS autism diagnostic observation schedule, SRS-2 social responsiveness scale, RBS-R 
repetitive behavior scale-revised, SCARED screen for child anxiety related disorders, ASCQ attachment style classification questionnaire.

Oxytocin Placebo t-value p value

n mean ±  SD n mean  ± SD

Age 38 10.48 ± 1.32 39 10.39 ±  1.23 0.28 0.779

Sex 30 M/8 F 31 M/8 F

Handedness 35 R/3 L 33 R/6 L

WISC-V

 Verbal IQ 37 105.84 ± 14.41 38 109.42 ± 15.77 -1.03 0.308

 Performance IQ 38 104.05 ± 15.36 38 101.66 ± 12.75 0.74 0.462

ADOS-2

 Total 33 9.48 ± 3.78 32 9.16 ± 4.15 0.33 0.740

 Social Affect 31 7.13 ± 3.55 32 7.47 ± 3.72 -0.37 0.712

 Restricted and repetitive behavior 31 2.10 ± 1.19 31 1.71 ± 1.30 1.22 0.226

 SRS-2 total t-score 38 87.10 ± 13.30 39 87.10 ± 12.25 0.32 0.752

Primary outcome

 SRS-2 total raw score 38 89.26 ± 21.66 39 87.87 ± 20.03 0.29 0.771

Secondary outcomes—parent report

 RBS-R 38 27.29 ± 15.24 39 26.64 ± 16.43 0.18 0.858

 SCARED parent 38 39.74 ± 21.74 39 45.15 ± 18.31 -1.18 0.240

Secondary outcomes—self-report

 SCARED child 38 38.29 ± 20.99 39 39.05 ± 20.21 -0.16 0.872

 ASCQ Anxious 38 13.45 ± 5.19 39 12.85 ± 4.15 0.56 0.575

 ASCQ Avoidant 38 13.79 ± 4.00 39 14.08 ± 3.86 -0.32 0.749

 ASCQ Secure 38 19.97 ± 3.50 39 19.23 ± 2.78 1.03 0.305

 Attachment Mother Anxiety 38 4.74 ± 2.89 39 4.82 ± 2.78 -0.13 0.897

 Attachment Mother Avoidance 38 9.05 ± 4.76 39 7.97 ± 4.03 1.07 0.286

 Attachment Mother Secure 38 16.76 ± 4.24 39 17.87 ± 3.13 -1.31 0.195

Pearson 
Chi-
square

p value  

Co-occurring conditions 15 15 0.01 0.927

Psychoactive Medication 22 23 0.01 0.923

Psychosocial Training (> 2 sessions/
month)

10 8 0.36 0.547
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co-occurring psychiatric conditions (with the explicit 
mentioning of examples in the screening interview 
including e.g., attention deficit hyperactivity disorder, 
depression, dyscalculia, dyslexia) and concurrent psy-
choactive medication use (defined as use within 4 weeks 
before study enrollment) were screened through parent-
report (see Additional file 1: Table S2 for detailed infor-
mation). Parents were also asked to report participation 
in ongoing therapies/trainings and whether these were 
aimed at psychosocial stimulation. Upon free report, par-
ents indicated participation of their child in the following 
psychosocial trainings/therapies: Theory of Mind train-
ing, emotion recognition training, social skills training, 
cognitive behavioral therapy, psychotherapy, self-esteem 
training, mood regulation, music therapy, hippotherapy 
and an autism coach. To perform moderator analyses 
assessing the possible impact of receiving concomitant 
psychosocial training, the group of children was subdi-
vided in those receiving a higher intensity of psychoso-
cial training (3 or more sessions per month) versus those 
receiving no or low intensity psychosocial training (less 
than 3 training sessions per month) (see Table  1). Note 
that adopting a more lenient threshold for defining the 
subgroups (i.e., 1 or more session(s) per month) yielded a 
qualitatively similar pattern of moderator analysis results 
(data not shown).

Intervention
Study medication Participants were randomized to 
receive OT (Syntocinon®, Sigma-tau) or placebo nasal 
sprays, administered in identical blinded amber 10-ml 
glass bottles with metered pump. The placebo spray 
consisted of all the ingredients used in the active solu-
tion except the OT compound. Nasal spray preparation, 
packaging, blinding and randomization (permuted-block 
randomization, RITA software [26]) were performed by 
the pharmacy of Heidelberg University Hospital (Ger-
many). Participants were randomly assigned in a 1:1 
ratio, and balanced according to sex (male/female), IQ 
and age. During the initial double-blind phase (phase I), 
all research staff conducting the trial, participants and 
their parents were blinded to nasal spray allocation. Dur-
ing the subsequent single-blind phase (phase II), trial 
staff were aware that all participants received intranasal 
OT, but participants and parents were still fully blinded 
regarding nasal spray allocation. Particularly, children 
and their parents participating in the trial were informed 
that during at least one of the two treatment phases, 
they would administer the active OT nasal spray. Only 
after the last visit of the last participant, trial staff were 
unblinded regarding treatment allocation in phase I.

Dosing Children (assisted by their parents) were asked 
to self-administer a daily dose of 2 × 12 IU nasal spray or 

placebo equivalent (3 puffs of 2 IU in each nostril), 12 IU 
in the morning and 12 IU in the afternoon (similar to the 
conservative dosing scheme adopted in young children 
with ASD [15]). The nasal spray was administered during 
28 consecutive days during the initial double-blind phase 
(phase I) and for another 28 days during the single-blind 
phase (phase II). The duration of 4 weeks was similar to 
prior trials in children [16] and adults [14] with ASD. 
Participants received clear instructions about the use of 
the nasal sprays through a demonstration together with 
the trial staff [27].

Compliance monitoring Compliance was assured 
using a daily medication diary that recorded date 
and time of administration (phase I percentage com-
pliance; OT: 96.75 ± 5.26%; placebo: 96.11 ± 5.29%; 
t(74) = 0.52, p = 0.603; phase II percentage compliance; 
OT-first: 94.55 ± 11.69%; placebo-first: 92.98 ± 13.92%; 
t(74) = 0.53, p = 0.597). The total amount of administered 
fluid was also monitored (phase I: OT: 14.86 ± 2.37  ml; 
Placebo: 13.79 ± 2.35 ml; t(75) = 2.00, p = 0.050; phase II: 
OT-first: 13.72 ± 3.47  ml; placebo-first: 12.83 ± 3.52  ml; 
t(74) = 1.10, p = 0.275).

Side effects During the nasal spray administration 
period, participants were screened for potential adverse 
events (weekly parent report) or changes in affect and 
arousal (daily diary by child and parent). Overall, reports 
of side effects were minimal and not treatment-specific 
(see Additional file 1: Tables S3 and S4).

Parent-reported beliefs about allocated nasal spray At 
the end of each trial phase (I and II), parents reported 
beliefs about nasal spray allocation (see Results). In the 
double-blind phase (phase I), the proportion of parents 
that believed their child had received the OT nasal spray 
was similar in both treatment arms: 39.5% in the OT 
group and 35.9% in the placebo group (p = 0.75). In the 
OT group, 18.4% of parents indicated to ‘have no explicit 
belief ’ about nasal spray allocation versus 10.3% in the 
placebo group. In the single blind phase (phase II), dur-
ing which all participants received the actual OT nasal 
spray, the proportions of parents that believed their child 
had received the OT nasal spray were similar as well 
(p = 0.30): 57.9% in the oxytocin-first group, 46.2% in the 
placebo-first group. Furthermore, the proportions of par-
ents that believed their child had received the OT nasal 
spray did not differ between treatment phases (oxytocin-
first: p = 0.11; placebo-first: p = 0.36).

Outcome measures
The primary outcome measure was change from base-
line in parent-rated social responsiveness on the Social 
Responsiveness Scale-Children, second edition (SRS-2 
total raw scores) [28, 29], which comprises five subscales 
examining social cognition, social communication, social 
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awareness, social motivation, and rigidity/repetitiveness, 
using a four-point Likert-scale (65 items). Lower scores 
indicate higher social responsiveness.

Secondary outcome measures included changes from 
baseline in parent-rated repetitive behaviors (Repetitive 
Behavior Scale-Revised; RBS-R) [30], self- and parent-
rated presence of anxiety symptoms (Screen for Child 
Anxiety Related Emotional Disorders; SCARED-NL) 
[31], and changes from baseline in constructs of self-
rated attachment toward their mother (Attachment 
Questionnaire child-report) [32] and peers (Attachment 
Style Classification Questionnaire child-report) [33] (see 
Table 2 and Additional file 1: Table S5).

All outcomes were assessed five times: (i) at baseline 
(T0), (ii) immediately after the 4-week double-blind nasal 
spray administration period (phase I—post, T1); (iii) at a 
follow-up session, 4 weeks after cessation of the double-
blind nasal spray administration period (phase I—follow-
up, T2); (iv) immediately after the 4-week single-blind 
nasal spray administration period (phase II—post, T3); 
and (v) at a follow-up session 4 weeks after cessation of 
the single-blind nasal spray administration period (phase 
II—follow-up, T4). Post-sessions were scheduled approx-
imately 24 h after the last administration, follow-up ses-
sions within 28 ± 7 days.

Data analysis
Analyses were performed using a modified intention-to-
treat approach that included all randomized participants 
who completed the baseline session and at least one post 
or follow-up session (Fig. 1B, CONSORT diagram). All 
statistics were executed with Statistica 14 (Tibco Soft-
ware Inc.).

First, possible baseline differences on the question-
naires were assessed between randomized nasal spray 
groups, indicating no statistically significant differences 
(Table 1). Next, between-group differences in treatment 
responses of phase I (double-blind) on the primary and 
secondary outcome measures were assessed, by subject-
ing change from baseline scores of the post (T1) and 
follow-up (T2) sessions to independent sample t-tests. 
Cohen’s d effect sizes (change from baselineOT—change 
from baselinePLACEBO)/pooled SD) are also reported, 
where 0.2 is indicative of a small effect, 0.5 a medium 
effect and 0.8 a large effect. Additionally, single-sample 
t-tests were adopted to assess within-group changes 
(compared to baseline) in the OT and placebo group 
separately (Table 2 and Additional file 1: Table S6). Simi-
lar independent and single-sample t-tests were adopted 
to assess treatment responses of phase II (single-blind), 
although note that here changes in outcome meas-
ures were calculated relative to assessment session 
T2 (last session of phase I), i.e., allowing to examine 

treatment-induced changes, over and above changes 
induced in phase I (Additional file 1: Table S6 and S7).

Further, to assess whether the overall magnitude of 
treatment-induced changes at the last session of the trial 
(T4) (calculated as change from baseline T0, i.e., reflect-
ing the total change over phases I and II) were reliable 
for individual participants (more than can be expected 
by measurement error), the Reliable Change Index (RCI) 
[34] was calculated, based on the test–retest reliability 
of the adopted Dutch parent-reported SRS scale (Cron-
bach’s alpha = 0.94) and corresponding standard error 
of measurement (SEM = baseline SD × SQRT(1—Cron-
bach’s alpha) = 5.19) using the formula: RCI = 1.96 × 
SQRT (2 × SEM × SEM) = 14.8. Change scores higher 
than the RCI-value (14.8) were considered reliable.

Finally, exploratory analyses were performed to inves-
tigate the potential influence of moderator variables on 
phase I treatment outcome. To do so, change from base-
line scores were subjected to a mixed-effect model with 
‘subject’ as random factor and ‘nasal spray’ (OT, placebo), 
‘assessment session’ (T1 post, T2 follow-up) and the 
moderator variable included as fixed factors. Separate 
models were constructed to assess the modulating effect 
of concomitant psychosocial training (3 or more sessions 
per month, less than 3 sessions per month); medication 
use (present, not present; as listed in Table  1); biologi-
cal sex (male, female); and parent-reported beliefs (OT, 
placebo).

Results
Double‑blind phase (phase I)
No significant effect of ‘nasal spray’ was revealed on par-
ent-reported social responsiveness (SRS-2), neither at 
the T1 assessment session, immediately after the 4-week 
nasal spray administration period (p = 0.839), nor at the 
4-week follow-up session (T2, p = 0.626) (see Table 2 and 
Additional file  1: Table  S6). Both groups displayed sig-
nificant but similar pre-to-post-treatment improvements 
in social responsiveness (reduced SRS-2 scores) imme-
diately after the nasal spray administration period (OT: 
p = 0.017; placebo: p = 0.009) and at the follow-up ses-
sion (OT: p = 0.001; placebo: p = 0.017). A similar pattern 
of non-treatment-specific improvements was evident for 
the secondary outcomes (Table 2).

Single‑blind phase (phase II)
To examine whether the change from placebo to OT 
administration (in the placebo-first group) or a con-
tinuation of OT administration for another 4 weeks 
(in the OT-first group) may have induced differential 
changes in SRS-2 scores during phase II, change scores 
(from T2, the last session of phase I) were calculated 
and subjected to independent-sample t-tests with the 
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between-subject factor ‘Phase I nasal spray’ (OT-first 
versus placebo-first). At assessment session T3 (imme-
diately after the single-blind administration period), a 
significant effect of ‘Phase I nasal spray’ was evident, 
indicating that children who continued from the pla-
cebo nasal spray to the OT nasal spray showed stronger 
improvements in social responsiveness (t(73) = 2.91; 
p = 0.005), compared to children of the OT-first group, 
who already received a 4-week course of OT in phase I 
and received another 4-week course of OT administra-
tion in phase II (Fig.  2; Additional file  1: Table  S6 for 
the raw scores). Indeed, only in the placebo-first group, 
significant improvements in SRS scores were evi-
dent (change from T2 to T3: t(38) = − 3.27; p = 0.002), 
whereas in children of the OT-first group, the extra 
4-week course of OT administration did not yield fur-
ther improvements in SRS scores (change from T2 to 
T3: t(37) = 0.86; p = 0.394).

At the T4 follow-up session, the difference between 
the OT-first and placebo-first groups was no longer 
significant (t(70) = 0.24; p = 0.808); here, a signifi-
cant improvement in SRS scores was evident across 
both groups (change from T2 to T4: t(72) = − 2.72; 
p = 0.008). A similar pattern of improvements in the 
placebo-first group was evident for the secondary out-
comes repetitive behaviors and anxiety symptoms (see 
Additional file 1: Table S7).

Accordingly, as seen in Fig. 2, at T4, the last session of 
the trial, both the OT-first (receiving a total of 8 weeks 

of OT nasal spray) and the placebo-first group (receiv-
ing a total of 4 weeks of OT nasal spray) displayed sig-
nificant improvements in social responsiveness, when 
compared to their initial T0 baseline score, at the start 
of the trial (OT-first; pre-post-change: − 9.61 ± 12.18; 
t(35) = − 4.74; p < 0.001; placebo-first; pre-post-change: 
− 9.81 ± 14.83; t(35) = − 3.97; p < 0.001). In the OT-first 
group, 27 (out of 36: 75%) participants displayed a pre-
to-post-improvement, and this change was identified to 
be reliable for 12 participants (higher than the Reliable 
Change Index: > 14.8). Similarly, also in the placebo-
first group, 27 (out of 36: 75%) participants displayed a 
pre-to-post-improvement at the last session of the trial, 
which was reliable for 11 participants.

Exploratory moderator analyses
For the moderator variable ‘psychosocial training’, a 
significant interaction with ‘nasal spray’ was identified 
(F(1,72) = 7.46; p = 0.007; ηp

2 = 0.09; Fig.  3), indicat-
ing that, across assessment sessions (T1 post, T2 fol-
low-up), participants who received the OT nasal spray 
combined with a high intensity of psychosocial train-
ing (3 or more session per month) (n = 10) displayed 
greater benefits compared to children receiving the OT 
nasal spray alone or with a low intensity of psychoso-
cial training (less than 3 sessions per month) (n = 28) 
(pBonferroni = 0.002). Notably, treatment responses of 
the placebo group were modulated in the opposite 
direction, indicating that reported changes in social 
responsiveness were most pronounced for children of 
the placebo group who received no or only low-inten-
sity psychosocial training (n = 30), compared to chil-
dren who received the placebo nasal spray with a high 
intensity of ongoing psychosocial trainings (n = 8) 
(pBonferroni = 0.004).

Direct comparisons showed that improvements 
in social responsiveness in the subgroup of children 
receiving the OT nasal spray in combination with psy-
chosocial training (see Fig.  3) were more pronounced 
compared to improvements seen in children of the pla-
cebo group with (pBonferroni < 0.001) or without psycho-
social trainings, albeit for the latter comparison, the 
effect was only significant at an uncorrected threshold 
(puncorrected = 0.035; pBonferroni = 0.21).

For all the other assessed moderator variables (con-
comitant medication use, sex or parent-reported 
beliefs), no significant main effects or interactions with 
nasal spray were identified (all, p > 0.14), indicating no 
significant moderation of treatment responses by these 
factors.

Fig. 2  Effects of oxytocin nasal spray administration on social 
responsiveness. Visualization of changes from baseline in 
caregiver-reported social responsiveness (SRS-2 total raw scores) of 
the double-blind phase (phase I) and the single-blind phase (phase 
II), separately for each original nasal spray group (oxytocin-first, 
placebo-first) and assessment session (immediate post (T1 and 
T3)and four-week follow-up (T2 and T4)). Lower scores indicate 
improvement. Vertical bars denote ± standard errors
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Discussion
The current pediatric trial demonstrated no significant 
treatment-specific effects of a 4-week OT administration 
period on social responsiveness (SRS-2), nor on the sec-
ondary outcomes. Both the OT and the placebo groups 
displayed similar improvements, both immediately after 
the multiple-dose nasal spray administration and at the 
4-week follow-up session. Notably, participants who 
were allocated to receive the placebo nasal spray dur-
ing the first double-blind phase of the trial and contin-
ued to receive the active nasal spray during the second 
(single-blind) phase, displayed a significant improvement 
in social responsiveness, over and above the placebo-
induced improvement noted in the first phase. Finally, 
albeit exploratory, moderator analyses preliminarily 
showed that children who received the OT nasal spray 
in combination with concomitant psychosocial training 
(three or more sessions per month) displayed a greater 

improvement in social responsiveness compared to chil-
dren receiving the OT nasal spray alone or to children 
receiving the psychosocial training alone.

Results of earlier multiple-dose OT trials in chil-
dren with ASD have been equivocal: some with benefi-
cial outcomes [15, 16], others without significant effect 
[17–19]. While it is difficult to pinpoint the different fac-
tors contributing to variability in study results, several 
key differences in adopted dosing scheme, trial design, 
and participant demographics have been put forward as 
important moderators. Furthermore, the particular con-
text in which the OT is administered is also increasingly 
put forward as a vital factor for understanding variability 
in treatment responses within and across studies. Initial 
single-dose administration studies already noted that 
acute effects of OT can be modulated by contextual fac-
tors, indicating, for instance, that OT-induced facilita-
tion of cooperation and trust is most pronounced toward 
in-group members [35, 36]. Also, stress-reducing effects 
of OT were significantly augmented when accompa-
nied by a supportive context (i.e., social support from a 
friend) [37]. Against this background, it has been theo-
rized that OT may open a ‘window of opportunity’ to 
enhance prosocial behavior, but that its potential can 
only be fully realized when OT is administered within a 
(socially) stimulating context, such as effective concomi-
tant behavioral interventions that can support social skill 
development and improve prosocial behavior [20, 22]. 
In line with this notion, exploratory assessments within 
our study revealed a significant synergetic modulation of 
treatment outcome related to the presence of concomi-
tant psychosocial trainings/therapies during the course 
of the OT trial, indicating maximal efficacy in children 
receiving the OT nasal spray in combination with ongo-
ing psychosocial trainings. Administration of OT as 
an adjunct to other therapeutic approaches has been 
explored before. For example, in a study including adults 
with a diagnosis of schizophrenia, 6-week social cogni-
tion training was combined with OT administration, 
yielding significant improvements in empathic accuracy 
[38]. Also, in male adults with a diagnosis of social anxi-
ety disorder, OT administered as an adjunct to 4 sessions 
of public speaking-exposure therapy-induced significant 
improvements in mental representations of the self [39]. 
While preliminary, a recent 6-week OT administration 
study in which parents were stimulated to systematically 
engage with their child in a positive social interaction or 
play session in the first hour after spray administration, 
yielded positive treatment outcomes in 46 3- to 8-year-
old children with ASD, both in terms of social improve-
ments and repetitive behaviors [23]. Together, this work 
highlights the relevance of context and urges future clini-
cal trials to further elucidate whether clinical efficacy can 

Fig. 3  Change in treatment responses according to the presence 
of concomitant psychosocial training. Visualization of changes from 
baseline in parent-reported social responsiveness (SRS-2 raw total 
scores) of the double-blind phase (phase I), separately for children 
receiving only the oxytocin (n = 28) or placebo (n = 30) nasal spray 
and children receiving oxytocin (n = 10) or placebo (n = 8) nasal 
spray in combination with concomitant psychosocial trainings 
(pooled across the immediate post and four-week follow-up sessions 
of phase I). Lower scores indicate improvement. Vertical bars 
denote ± standard errors
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be augmented when OT administration is paired with 
targeted behavioral interventions that support similar 
states and (social) behaviors [22].

Further, in phase II of the trial it was observed that 
children who continued from placebo (in phase I) to the 
actual OT nasal spray (in phase II) showed a significant 
further improvement in social responsiveness over and 
above the substantial placebo-induced improvement 
noted in phase I. Trial designs in which a phase of blinded 
placebo intervention is administered before actual nasal 
spray allocation have been put forward as an effective 
method to control for placebo effects and to improve 
detection of ‘real’ therapeutic responses [15]. The current 
observation of a significant further improvement from a 
blinded placebo phase to the active nasal spray provides 
support to this notion.

Children who received the actual OT nasal spray 
in the first phase and continued to a second phase of 
active nasal spray administration did not show a further 
improvement immediately after the second nasal spray 
administration period, although further changes did 
become apparent at the follow-up session, 4 weeks after 
cessation of the second nasal spray administration period. 
It is noted indeed, that at the last follow-up session of the 
trial, the majority of children of both the OT-first group 
and the placebo-first group displayed (reliable) beneficial 
effects in social responsiveness, indicating that both an 
8-week (with a 4-week break in the middle) or a contin-
ual 4-week OT administration period were similarly able 
to induce a significant beneficial outcome in the social 
domain. This observation adds to the field’s uncertainty 
regarding to-be-administered dosing schemas and dura-
tions. In multiple-dose OT trials with individuals with 
ASD, daily dosing ranged from 8 to 80 IU and durations 
from 4 continual days to 24 weeks, but strong empirical 
support for favoring one dosing scheme over another is 
currently lacking. Some earlier single-dose trials sug-
gested dose–response curves to exhibit U-shaped forms 
[40, 41], a notion that is supported by a recent chronic 
4-week OT administration trial in ASD, identifying a 
daily total dose of 6 IU of TTA-121 (a new formulation of 
intranasal OT spray) to be the most efficacious one, com-
pared to a lower (3 IU) or higher (10 IU) daily dose [42]. 
Furthermore, in terms of dosing scheme, recent work 
showed that intermittent (every other day) administra-
tion may be therapeutically more efficient than continual 
administration to obtain anxiolytic effects [43]. These 
observations were attributed to reflect a desensitization 
of the endogenous oxytocinergic system upon too high 
concentrations and/or too high frequencies of exogenous 
OT administration. The current observation that a sin-
gle 4-week course yields similar immediate effects as a 
twice 4-week course therefore reinforces the notion that 

longer durations of nasal spray administration periods 
do not necessarily facilitate higher treatment responses. 
Similarly, in a recent large-scale trial administering OT 
over a 24-week period, it was noted that the long dura-
tion might have attenuated initial early responses to OT 
[19]. In light of these observations, future trials should be 
directed at identifying the optimal dosing, administration 
length, and intervals of intranasal OT administration.

Limitations
While the study provides novel insights into the effects 
of OT administration in school-aged children with ASD, 
the following limitations are noted. First, the current 
study included a relatively strict age range of pre-puber-
tal, school-aged children with ASD limiting generaliz-
ability to other age ranges. Future studies, using larger 
cohorts, are warranted to further explore the identified 
effects, also including understudied populations within 
the ASD spectrum, such as children with co-occurring 
mild-to-severe intellectual disabilities (i.e., the most 
common co-occurring condition with a prevalence rang-
ing between 30 and 40%) [2, 44]. Also, considering the 
aforementioned uncertainty regarding dosing schemes, 
it is uncertain whether the identified effects will repli-
cate using differential dosing schemes/durations. Further, 
while the SRS questionnaire has been frequently adopted 
as a social skill endpoint in clinical trials [45], includ-
ing recent OT trials [16, 23], it constitutes a measure of 
parental observations, not without limitations due to 
biases of parental reports and prior beliefs and expecta-
tions. Future trials should preferentially also include cli-
nician-rated observational scales specifically developed 
for measuring treatment-related change in socio-com-
municative behaviors (e.g. the Brief Observation of Social 
Communication Change [46]). Finally, considering the 
identified moderating effect of concomitant psychosocial 
trainings, future studies are urged to monitor, standard-
ize and experimentally manipulate and implement con-
current behavioral interventions to elucidate its potential 
for modulating treatment efficacy.

Conclusions
To conclude, while the current study showed no overall 
treatment-specific improvements, exploratory moderator 
effects were identified, providing preliminary evidence 
that clinical efficacy can be augmented when OT admin-
istration is paired with targeted concurrent behavioral 
interventions.
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