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Abstract 

Background  The use of oxytocin as a therapy to treat social deficiencies in autism spectrum disorders (ASD) is gain-
ing popularity. This study aimed to determine oxytocin nasal spray’s effect in combination with applied behavior 
analysis (ABA) method in improving social impairments in pediatrics with ASD.

Results  Our study’s main findings have revealed that intervention with INT-OXT compared to NS effectively reduced 
the ASD index and stereotyped behaviors on the GARS-2 scale (p < 0.05), in addition to teacher and parent’s SDQ 
mean score (p < 0.001). Also, during the follow-up time, the intervention with INT-OXT in ASD index, stereotyped 
behaviors, communication, social interaction, and parent and teacher mean SDQ scores were statically significant 
(p < 0.001).

Conclusions  In pediatrics with autism aged between 4 and 17 years, a 6-week course of INT-OXT combination 
therapy with ABA improved GARS-2 and teacher and parent SDQ scores compared to NS.

Keywords  Oxytocin, Autism spectrum disorder, Applied behavior analysis

Background
Autism spectrum disorder (ASD) is a severe neurode-
velopmental disorder that affects people of all racial and 
socioeconomic backgrounds [1]. It is known to manifest 
before age 3 and affects boys four times more often than 

girls [2]. Autism spectrum disorder has three diagnostic 
symptom domains: limited social interaction, verbal and 
nonverbal communication, and constrained, repetitive 
behavior patterns, interests, or hobbies [3]. Individu-
als with the autistic phenotype are less skilled in typical 
social interaction, expressive language, nonverbal com-
munication (such as maintaining eye contact), peer rela-
tionships, and behavioral flexibility [4]. Autism spectrum 
disorder is prevalent in 0.1% of children between 6 and 
18 in Iran, with a male-to-female ratio of 2:1 [5].

According to recent studies, intranasal oxytocin (IN-
OXT) may be a possible treatment for ASD [6–8]. Intra-
nasal OXT treatment promotes in-group trust [9] and 
interoceptive awareness [10] while decreasing fear [11], 
according to studies in normally developing individu-
als. On the other hand, preclinical research has shown 
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that OXT plays a critical part in sociality. For instance, 
OXT controls or begins grooming and social recognition 
behaviors in mammalian nonhuman models and other 
pro-social behaviors, including paternal and reproduc-
tive activity [12, 13]. There is growing interest in the 
application of OXT to improve social communication 
deficits in ASD since there is a need for effective thera-
pies for core ASD symptoms. Benefits in social function-
ing, including improved emotion detection [7], greater 
eye gaze [14], and improved emotions of trust in oth-
ers [15], have been observed in certain research on the 
effects of IN-OXT in ASD.

The mechanisms of action of OXT remain unclear, 
despite accumulating indications that it may be therapeu-
tically advantageous for at least a sizable percentage of 
people with ASD. The ability of OXT to modify the sen-
sitivity to and perceived salience of external rewards that 
impact behavior and support reward-based learning may 
be one possible mechanism of action. Preclinical research 
suggests that OXT exerts its pro-social effects through 
the mesocorticolimbic dopamine pathway [16, 17]. This 
neural network consists of midbrain components (ven-
tral tegmental area (VTA) and substantia nigra), the 
striatum, and cortical areas such as the orbitofrontal, 
anterior cingulate, and prefrontal cortices [18]. The inter-
action between OXT and mesocorticolimbic dopamine 
increases dopaminergic activity across the whole meso-
corticolimbic system when OXT-responsive neurons in 
the VTA are activated [19].

Recent studies show that the effects of OT are small and 
elusive and depend on biological and psychological fac-
tors. Long-term treatment could be more beneficial than 
single-dose administration [20–22]. This study aimed to 
determine the effect of 6  week’s administration of oxy-
tocin nasal sprays concomitant to the applied behavior 
analysis (ABA) method to improve social impairments in 
pediatrics with ASD.

Methods
Participants
This study was a randomized, double-blind, placebo-con-
trolled, parallel design trial. The study was done in Isfa-
han, Iran, Autism Center from December 2021 to March 
2022.

Pediatrics between the ages of 4 and 17 with a verified 
diagnosis of ASD based on the Diagnostic and Statistical 
Manual of Mental Disorders V met the inclusion criteria 
[23]. Major psychiatric disorders, like bipolar disorder, 
psychosis, post-traumatic stress disorder, schizophrenia, 
major depressive/anxiety disorder, a history of signifi-
cant neurological diseases such as unstable epilepsy dis-
order, known genetic syndromes, known abnormal brain 
magnetic resonance imaging (structural brain lesions), 

and evidence of or a history of malignancy or any sig-
nificant hematological, endocrine, or gastrointestinal dis-
order, were all exclusion criteria. In addition, we do not 
included high-functioning autism patients.

The study protocol was approved by the Isfahan Uni-
versity of Medical Sciences Ethics Committee (IR.MUI.
MED.REC.1400.442) and the Iranian registration of clini-
cal trials (IRCT20211004052670N1). The parent or legal 
guardian of each participant provided written informed 
permission for their involvement in the trial, and, where 
necessary, participants’ agreement was also acquired. The 
modified Declaration of Helsinki regulations were fol-
lowed throughout the experiment. The trial was free of 
any commercial interference.

Random double blocks allocated participants to either 
INT-OXT or NS group. An impartial assessor who was 
blinded to the groups’ assignments and side effects con-
ducted all effectiveness evaluations. A doctor who was 
unaware of the group assignment conducted each safety 
assessment.

Medication
Intranasal sprays of oxytocin (Syntocinon; NOVARTIS) 
and a normal saline (NS) were given. In the morning, 
participants were given 24  IU (six puffs) of INT-OXT 
or an NS once a week, 15  min before starting ABA. 
Participants were told to take one puff every 30  s while 
switching nostrils in a straight position. To ensure proper 
administration and tolerability, each participant took 
their first dosage in front of the research doctor. The pla-
cebo included regular NS in the same bottles and labe-
ling. After the first dosage, participants were asked to 
remark on the taste and scent. Also, to ensure dosing 
compliance, bottles were weighed after use. No person 
mentioned a scent. The research pharmacist designed a 
computer-generated randomization table that was uti-
lized to randomize participants. Caregivers recorded 
adverse events during the study period. It should also be 
noted that none of the children had used previous medi-
cation regimens for ASD.

Applied behavior analysis
Applied behavior analysis is a scientific method in 
which techniques based on behavioral principles are 
consistently utilized to find environmental factors influ-
encing socially appropriate behavior and are then used 
to create tailored and effective treatments. The teach-
ing of fundamental communication, games, sports, 
social interaction, everyday living, and self-help skills 
with this system is quite successful [24]. The ABA sec-
tor has seen even more substantial expansion in behav-
ioral therapies for children with autism, as the rising 
number of service providers and qualified experts in 
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the field has revealed [25]. Studies show that ABA has 
helped children with ASD improve their social, linguis-
tic, and cognitive skills since the mid-1980s [26–28]. 
In this study, a trained psychiatrist performed ABA for 
each person once a week in both groups. In each ses-
sion, 15  min before ABA onset, INT-OXT or NS was 
administered, and then, the ABA therapy started and 
lasted for 4 h.

Measures
The strengths and difficulties questionnaire (SDQ) and 
Gilliam Autism Rating Scale-2 (GARS-2) were used to 
assess the main outcomes. Questionnaires were filled at 
baseline before starting INT-OXT or NS, at the end of 
the first session, at the end of the study in week 6 (session 
six which administrations were ended), and at the end of 
6 weeks of follow-up after the ending study.

Strengths and difficulties questionnaire (SDQ)
The SDQ is a 25-item screening tool created to assess 
children’s and teenagers’ social, emotional, and behav-
ioral functioning. It encompasses four clinical domains, 
including conduct issues, emotional symptoms, hyper-
activity-inattention, peer-relationship issues, and emo-
tional symptoms, as well as one specific prosocial 
behavior category. A Likert scale of 3 points is used to 
score each item [29]. The SDQ effectively separates 
children with ASD from other kids with and without 
psychiatric conditions [30]. Through a study on the psy-
chometric properties of SDQ in an Iranian sample, the 
SDQ in Persian was a reliable instrument for identifying 
mental health issues in children and is available in both 
parent and teacher forms [31].

Gilliam Autism Rating Scale‑2 (GARS‑2)
The Diagnostic and Statistical Manual of Mental Dis-
orders diagnostic criteria and the Autism Society of 
America’s (1994) definition of the disorder are used to 
evaluate autism using the parent-report survey known as 
the GARS-2 [32]. The three GARS-2 subscales, stereo-
typed behaviors, social interaction, and communication, 
are based on the three primary symptomological catego-
ries of the illness. The AI, which has a mean score of 100 
and a standard deviation of 15, is the result of summing 
the subscale scores. The AI score is a general assessment 
of the severity of autism [33]. Also, in the psychomet-
ric properties study of GARS in Iranian samples, results 
indicated that the GARS scale is reliable for assessing 
autism. In terms of good validity and reliability, this scale 
can be employed in research and treatment facilities [34].

Sample size
The sample size was estimated using the following for-
mula and based on the data extracted from the study of 
Hollander et al. [35]:

•	 Z1: 95% confidence interval = 1.96
•	 Z2: 80% power = 0.84
•	 S = 20 for the score of the GARS-2 questionnaire, 

which is one-sixth of the range of changes, i.e., zero 
to 120

•	 D = the minimum difference in the mean score of 
Conners between the two groups, which is con-
sidered 14. As a result, the number of 32 people is 
calculated. And taking into account 10% dropout, 
the sample size for the study was estimated at 70 
people.

Statistical analysis
Statistical analysis was performed in SPSS 24 for Win-
dows (IBM Inc., Armonk, NY, USA). The Kolmogorov–
Smirnov test confirmed the normal distribution of the 
data. Categorical data were compared using chi-square, 
and the repeated-measure ANOVA model was used for 
continuous parameters. An alpha error of 0.05 was set 
as the critical point of significance.

Results
Seventy children with ASD were divided into the INT-
OXT (intervention) and NS (control) groups. During 
the study period, 11 patients (three in the INT-OXT 
group and eight in the NS group) were excluded from 
the study due to the lack of follow-up visits. Finally, 
data analysis was performed on 59 cases (32 in INT-
OXT and 27 in NS groups) (Fig. 1).

The mean age of the INT-OXT and NS groups was 
11.5 ± 3.1 and 10.03 ± 2.8 years, respectively, and there 
was no significant difference between them (p > 0.05). 
In the INT-OXT and NS groups, 21 and 17 (65.6% ver-
sus 63%) were boys, and the rest were girls, and no sig-
nificant difference was seen between the two groups 
(p > 0.05). The mean intelligence quotient (IQ) score 
in the above two groups was 73.5 ± 4.3 and 75.3 ± 3.8, 
respectively, and no significant difference was seen 
between the two groups (p > 0.05). The financial status 
of 16 cases from the INT-OXT group and 19 cases from 
the NS group (50% vs. 70.4%) was poor, and the rest 

N =
2S

2(Z1+ Z2)2
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were moderate, and no significant difference was seen 
between the two groups (p > 0.05) (Table 1).

The GARS-2 mean ASD index in the INT-OXT group 
decreased from 76.9 ± 14.5 at baseline to 54.19 ± 15.13 
posttreatment compared to the NS group (75.2 ± 8.7 to 
69.78 ± 11.12) (p < 0.05). The results demonstrated that 
intervention with INT-OXT on the ASD index was signif-
icant during the overall study follow-up time (p < 0.001). 
Also, the trend of decretion in both groups was statically 
significant (p < 0.001).

Furthermore, the stereotyped behaviors mean in the 
INT-OXT group significantly decreased from baseline 
to posttreatment compared to the NS group (24.1 ± 5.5 
to 16.6 ± 5.9 vs. 25.7 ± 4.7 to 21.3 ± 4.6) (p < 0.05). Also, 
this decretion was significant during the overall study 
follow-up time (p < 0.001). But the trend of decretion in 
both groups was not statically significant (p > 0.05).

Still, communication and social interactions mean 
scores did not show significant differences between 
the two groups (p > 0.05). But the decretion trend in 
both groups during the study was statically significant 
(p < 0.001) (Table 2; Fig. 2).

The parent SDQ mean score in INT-OXT group at 
baseline was 51.3 ± 2.7 and decreased significantly to 
46.8 ± 3.3 posttreatment. This decretion during the fol-
low-up compared to the NS group was statically signifi-
cant. In addition, the teacher SDQ mean score in the 
INT-OXT group decreased from 60.3 ± 3.7 at baseline 
to 46 ± 3.2 posttreatment. Also, this decretion during 
follow-up time compared to the NS group was signifi-
cantly meaningful (p < 0.001).

In addition, this decretion for both SDQ question-
naires during the study follow time was significant 
(p < 0.001). Also, the decretion trend in both groups 

Fig. 1  The flowchart of the study

Table 1  Demographic characteristics of study participants

INT-OXT intranasal oxytocin, NS normal saline, IQ intelligence quotient. The IQ 
was measured using the Raven test. Categorical data were compared using 
chi-square, and the repeated-measure ANOVA model was used for continuous 
parameters

Variable Group p-value

INT-OXT NS

Age, mean ± SD 11.5 ± 3.06 10.03 ± 2.8 > 0.05

Sex, n (%)
  Boy 21 (65.6) 17 (63) > 0.05

  Girl 11 (34.4) 10 (37)

IQ score, mean ± SD 73.5 ± 4.3 75.3 ± 3.8 > 0.05
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was significant for parent SDQ (p < 0.001) and for 
teacher SDQ (p < 0.05) (Table 3; Figs. 3 and 4).

Adverse event
All individuals tolerated the nasal spray well, and no 
adverse event was reported.

Discussion
Our study’s main findings have revealed that inter-
vention with INT-OXT compared to NS effectively 
reduced the ASD index and stereotyped behaviors 
(GARS-2 scale) and the teacher and parent’s SDQ mean 
scores. Also, in the ASD index, stereotyped behaviors, 

Table 2  Gilliam Autism Rating Scale-2 (GARS-2) mean scores

INT-OXT intranasal oxytocin, NS normal saline. Categorical data were compared using chi-square, and the repeated-measure ANOVA model was used for continuous 
parameters

Variable Time INT-OXT NS Between groups Follow-up time Interaction 
(time × group)

Autism index Baseline 76.9 ± 14.5 75.2 ± 8.7 p < 0.05 p < 0.001 p < 0.001

Treatment onset 68.4 ± 14.5 66.6 ± 13.4

Treatment ending 60.8 ± 12.1 71.2 ± 11.8

Ending follow-up 54.19 ± 15.13 69.78 ± 11.12

Stereotyped behaviors Baseline 24.1 ± 5.5 25.7 ± 4.7 p < 0.05 p < 0.001 p > 0.05

Treatment onset 21.4 ± 5.7 22.4 ± 5.5

Treatment ending 19.1 ± 3.9 22.5 ± 4.2

Ending follow-up 16.6 ± 5.9 21.3 ± 4.6

Communication Baseline 25.9 ± 5.1 24.7 ± 4.2 p > 0.05 p < 0.001 p < 0.001

Treatment onset 24.1 ± 5.8 23.4 ± 5.4

Treatment ending 21.6 ± 5.1 24.4 ± 4.6

Ending follow-up 18.3 ± 5.8 24.3 ± 4.1

Social interactions Baseline 26.8 ± 6.1 24.8 ± 3.1 p > 0.05 p < 0.001 p < 0.001

Treatment onset 22.8 ± 5.3 20.7 ± 3.9

Treatment ending 20.2 ± 5 24.3 ± 4.9

Ending follow-up 19.3 ± 5.8 24.2 ± 4.6

Fig. 2  Changes in the Gilliam Autism Rating Scale-2 (GARS-2) mean scores in two groups during the study period. INT-OXT, intranasal oxytocin; NS, 
normal saline
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communication, social interaction, and parent and 
teacher mean SDQ scores, the intervention with INT-
OXT during follow-up time was significantly effective. 
Despite preclinical evidence that OXT may be a viable 
therapeutic for human social impairments, prior intra-
nasal OXT treatment trial findings for ASD have been 
conflicting; some trials claimed that OXT improves 
social abilities [22, 36], while others did not [37, 38]. A 

double-blind, randomized, placebo-controlled, parallel 
design study on the effect of INT-OXT (24 international 
units, twice daily) on the treatment of social deficits 
in ASD patients has demonstrated that children with 
ASD showed dramatically improved social skills after a 
4-week intranasal OXT therapy compared to placebo. 
Additionally, they discovered that pretreatment blood 
OXT levels predicted treatment outcomes, with those 

Table 3  Strengths and difficulties questionnaire (SDQ) mean scores

INT-OXT intranasal oxytocin, NS normal saline. Categorical data were compared using chi-square, and the repeated-measure ANOVA model was used for continuous 
parameters

Variable Time INT-OXT NS Between groups Follow-up time Interaction 
(time × group)

Parent SDQ mean scores Baseline 51.3 ± 2.7 51.4 ± 3.3 p < 0.001 p < 0.001 p < 0.001

Treatment onset 50.4 ± 2.5 51.4 ± 3.9

Treatment ending 48.1 ± 2.3 51.6 ± 3.2

Ending follow-up 46.8 ± 3.3 50.4 ± 3.9

Teacher SDQ mean score Baseline 60.3 ± 3.7 52.2 ± 4.2 p < 0.05 p < 0.001 p < 0.05

Treatment onset 51.8 ± 3.8 52 ± 3.7

Treatment ending 49.7 ± 3.7 51.4 ± 3.2

Ending follow-up 46 ± 3.2 49.7 ± 3.1

Fig. 3  Changes in the parent strengths and difficulties questionnaire (SDQ) mean scores in two groups during the study period. INT-OXT, intranasal 
oxytocin; NS, normal saline
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with the lowest pretreatment OXT levels demonstrating 
the largest social progress [39].

Furthermore, a 5-week double-blind clinical trial of 
nasal oxytocin spray (24 IU per day) increased caregiver-
rated social responsiveness. It was discovered that oxy-
tocin therapy was well tolerated, and there were no 
appreciable variations in the reported adverse events 
between conditions [36]. In a study of the effectiveness 
of 4-day continuous oxytocin administration in 38 males 
with ASD aged 7–16  years in a randomized, double-
blind, placebo-controlled methodology, during parent–
child interaction training sessions, intranasal placebo or 
oxytocin, in 12- or 24-IU dosages depending on body 
weight, was delivered once daily. At several measure-
ment time points, parent reports, clinician evaluations, 
and independent observations were utilized to assess 
side effects, social interaction skills, repetitive behav-
iors, emotion identification, and diagnostic status in all 
individuals with ASD and their parents. However, com-
pared to a placebo, intranasal oxytocin had no meaning-
ful effect on all outcomes in children with ASD [37]. One 
study revealed that a 6-week course of OXT intranasal 
administration (24 IU, single dose) plays its role in ASD 
core symptoms by enhancing brain activity and improv-
ing functional coordination in the medial prefrontal 
region (mPFC) [22]. In a study on the plausible neurobio-
logical mechanism of OXT-induced behavioral enhance-
ment, it has been shown that modulation of the reward 
prediction errors (RPEs) signal in the nucleus accumbens 

(NAcc) is a critical neuronal hub for reinforcement-based 
learning. Their findings suggest that OXT’s beneficial 
effect on social processing in ASD is mediated by a selec-
tive enhancement of the brain’s motivational system in 
response to social stimuli, eventually boosting reinforce-
ment learning in social situations [40]. Many challenges 
remain, such as optimizing delivery route, dosage, and 
therapy duration and developing a technique to measure 
improvements in ASD core symptoms.

We draw attention to the study’s shortcomings, which 
include its dependence on caregiver, teacher, and par-
ent reports as outcome measures and its modest sample 
size. In this area, where many elements still need to be 
investigated in order to establish the therapeutic value of 
oxytocin, funding for independently led, well-powered 
clinical studies must continue to be prioritized.

The role of parental belief in modulating OT treatment 
responses which were evaluated using SDQ in this trial 
was the novelty of this study.

Conclusions
Among children with autism aged between 7 and 
17  years, a 6-week course of INT-OXT (24  IU per day) 
along with ABA improved GARS-2 and teacher and par-
ent SDQ scores compared with a placebo.

Abbreviations
IN-OXT	� Intranasal oxytocin
ASD	� Autism spectrum disorders

Fig. 4  Changes in the teacher strengths and difficulties questionnaire (SDQ) mean scores in two groups during the study period. INT-OXT, 
intranasal oxytocin; NS, normal saline
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