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ABSTRACT 

Aim: Autism spectrum disorders (ASD) are described 
as a continuum of severity gradient of autistic symp- 
toms diffusing through particular ASD diagnoses, 
however the biological correlates among individuals 
with the different ASD diagnoses slightly or consid- 
erably differ. Oxytocin (OT) has been implicated to 
play an important role in autism etiology. Lower OT 
levels have been previously found in children with in- 
fantile autism, however in a group of high-function- 
ing autistic subjects, no differences have been shown 
compared to controls. Moreover, whereas the oppo- 
site patterns of OT associations with social measures 
have been found in children with infantile autism 
compared to healthy children, no associations have 
been found in individuals with high-functioning au- 
tism. We aimed to find out the plasma OT differences 
between separate group of children with Asperger 
syndrome (AS) and healthy children and the associa- 
tions of OT with particular autistic traits in a group 
of children with AS. Methods: We included 9 children 
(m = 6, f = 3) with AS at the age 9 to 12 years and 9 
age- and gender-matched controls. OT levels were 
analyzed by ELISA method. Autistic traits in chil- 
dren with AS were evaluated by Autism Spectrum 
Quotient (AQ), child and adolescent versions. Results: 
Children with AS had significantly lower plasma OT 
levels compared to healthy children. We found the 
significant negative correlation of OT level and AQ 
Attention to detail area score. Conclusion: In spite of 
the lower OT level in children with AS, which is also 
previously found in children with infantile autism, the 
pattern of OT associations with autistic traits more 

resembles the pattern in non-autistic population. Our 
preliminary results support the hypothesis of contin- 
uum within the ASD particular diagnoses in the 
terms of biological correlates. 
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1. INTRODUCTION 

Asperger syndrome (AS) is an autism spectrum disorder 
(ASD) with symptoms including difficulties in under- 
standing the rules of social interaction, lack of empathy, 
stereotyped or unusual behavior, interests or activities 
with no history of formal speech delay and with normal 
or even above-average intelligence [1]. It is often de- 
scribed as a milder form of autism with the traits situated 
in a continuum of severity gradient of autistic symptoms 
[2], however the neurobiological correlates among in- 
dividuals with AS and autism slightly or considerably 
differ [3]. 

Oxytocin (OT) has been implicated to play an impor- 
tant role in etiology of ASD due to its effects on emo- 
tional and social behavior [4,5]. Children with autism 
had significantly lower plasma OT levels than the control 
group [6,7] with the different pattern of OT associations 
to social and developmental measures [6]. However, no 
differences in OT level and no associations between OT 
level and autistic symptoms have been found in a sepa- 
rate group of high-functioning autistic subjects compared 
to controls [8]. Despite the evidence of improvement of 
social [9] and repetitive [10] behavior after OT admini- 
stration in individuals also with AS and the finding of the 
OT receptor (OXTR) role in etiology of high-functioning  
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level autistic disorders including AS [11], to our best 
knowledge, no study has evaluated the plasma OT levels 
in a separate group of children with AS compared to 
healthy controls. We aimed to find out the differences in 
plasma OT levels in the group of children with AS com- 
pared to healthy age- and gender-matched controls and 
the associations of plasma OT levels with particular au- 
tistic traits. 

2. MATERIALS AND METHODS 

2.1. Participants 

We included 9 children (males = 6, females = 3) with the 
diagnosis of Asperger syndrome and 9 healthy age- and 
gender-matched control children. The AS group age was: 
mean = 10.25, SD = 1.39 years; the control group age 
was: mean = 10.63, SD = 1.85 years. Children with AS 
were recruited from the local Autism Centre for Children 
in Bratislava, Slovakia. All children with AS were diag- 
nosed as meeting criteria for ICD-10 Asperger syndrome 
by a clinical child psychologist with the cooperation of a 
child psychiatrist, who confirmed all diagnoses. 

Control subjects were recruited through local pediatri- 
cian ambulance after regular pediatric examination or 
mild physical condition due to which they attended pe- 
diatrician. All subjects were at the time of blood sample 
collection healthy and without any known physical con- 
dition that was confirmed by pediatrician. All control 
subjects were without any psychiatric condition con- 
firmed by child psychiatrist according to their examina- 
tions and parent interview. All control subjects had nor- 
mal functioning in an elementary school. No control 
subject had delay in speech and language or psychomo- 
tor development as per parent interview. All subjects 
were medication-free. 

All procedures were carried out with the adequate un- 
derstanding of participants. Written informed consent 
was obtained from all parents of participating children. 
The protocol was approved by the Ethics Committee of 
Faculty of Medicine, Comenius University. The study 
conformed to the code of ethics stated in the Declaration 
of Helsinki.  

2.2. Plasma Oxytocin Measurement 

Three mL of venous blood were taken from children with 
AS in the local Neurological Centre for Children and 
Adults in Bratislava. Blood of control children was taken 
by their pediatrician. Immediately after samples intake, 
blood was centrifuged. After 10 minutes centrifugation at 
3000 RPM, plasma was taken with addition of protease 
inhibitor aprotinin (Sigma Aldrich). Plasma samples with 
aprotinin were stored at −20˚C until OT measurement. 
Plasma OT levels were measured using ELISA method 
according to manufacturer’s instructions (Enzo Life Sci- 

ences). All OT measurements were performed in the 
laboratory of Institute of Physiology, Comenius Univer- 
sity in Bratislava. 

2.3. Psychological Measures in Children with AS 

Mothers of children with AS were asked to complete the 
Autism spectrum quotient questionnaire, children’s ver- 
sion (AQ-child), the adolescent version was used in one 
12-year-old boy. The AQ-child is parent-report ques- 
tionnaire to detect autistic traits in children at 4 - 11 
years, adolescent version is used for children at 12 - 15 
years of age. Both versions consist of 50 items including 
5 areas associated with autism or BAP (broader autism 
phenotype): social skill, attention switching, attention to 
detail, communication and imagination, each represented 
by 10 items. The higher score represents the greater au- 
tistic traits. In AQ-child parents can “definitely agree”, 
“slightly agree”, “slightly disagree” and “definitely dis- 
agree” with the statements about their child, with the 
following answer categories: 0 representing definitely 
agree; 1 slightly agree; 2 slightly disagree; and 3 defi- 
nitely disagree. Items are reverse scored as necessary. 
Maximum score is 150, the cut-off score is 76. We used 
the same 4-point scale also in the AQ-adolescent version 
used in 1 boy. Both scales have been shown to have a 
good test-retest reliability and internal consistency [12, 
13]. 

AQ questionnaires were downloaded from Autism 
Research Centre website  
http://www.autismresearchcentre.com/ with kind permis- 
sion of the authors and translated into Slovak language. 

2.4. Statistical Analysis 

We used the two-tailed unpaired t-test for group differ- 
ences in plasma OT levels between children with AS and 
healthy controls. We used Pearson correlation coeffi- 
cients to correlate plasma OT levels with AQ total score 
and AQ subscale scores. The significance level was set at 
p < 0.05. 

3. RESULTS 

3.1. Plasma Oxytocin Levels Group Differences 

We found a statistically significant difference in plasma 
OT levels between groups (t = 2.27, p = 0.037). Descrip- 
tive statistics and group differences for OT levels are 
presented in Table 1. 

3.2. Plasma Oxytocin Levels and Particular AQ 
Subscales 

We found the significant negative correlation of plasma 
OT levels and attention to detail area of AQ. We did not 
find the significant correlations of plasma OT levels and  
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Table 1. Plasma oxytocin levels in children with Asperger 
syndrome and controls (pg/mL). 

 Children with AS (n = 9) Controls (n = 9) 

Mean (SD) 155.52 (110.00) 320.64 (188.27)* 

Median 151.08 284.17 

Range 32.40 - 279.13 58.61 - 748.49 

*t = 2.27, p = 0.037. 

 
any other AQ subscale or AQ total score. Descriptive 
statistics of AQ scores and correlations with plasma OT 
levels are presented in Table 2. 

4. DISCUSSION 

To our best knowledge, this is the first study evaluating 
OT levels and its associations with particular autistic 
traits in children with Asperger syndrome exclusively. 
We found significantly lower plasma OT levels in chil- 
dren with AS compared to control age- and gender- 
matched group. Previous studies have shown decreased 
OT levels in children with infantile autism [6,7], how- 
ever no differences have been found in children with 
high-functioning autism [8]. Moreover, plasma OT levels 
seem to be differently associated with autism symptoms 
within the different ASD levels. Whereas in children 
with infantile autism, OT levels have been associated 
with lower scores on social and developmental measures 
[6], in a separate group of high-functioning autistic sub- 
jects, no effects of OT level on particular symptoms have 
been found [8]. On the contrary, in a group of healthy 
children, the OT levels have been associated with better 
social skills [6]. In our study of children with AS exclu- 
sively, we found the negative association between OT 
levels and AQ attention to detail area, thus the higher OT 
level was associated with lower autistic traits similarly to 
healthy children [6]. This indicates that in spite of the 
lower OT level in children with AS, the pattern of OT 
associations with autistic traits resembles the nonautistic 
population. However, we found only the association of 
OT and AQ attention to detail area. We did not find the 
OT associations with the social skill or communication 
areas indicating that endogenous OT could differently 
affect social measures in healthy and AS individuals. 

Our results of decreased OT, like in children with in- 
fantile autism, with the similar pattern of OT associations 
and with particular autistic traits to non-autistic individu- 
als, support the hypothesis of ASD continuum in the 
terms of biological correlates. The further studies should 
compare the OT levels and its associations with behav- 
ioral measures separately in children with the diagnoses 
of infantile autism, atypical autism and Asperger syn- 
drome (ICD-10) or the different levels of Autism Spec- 
trum Disorders (DSM-V). 

Table 2. Descriptive statistics of AQ areas of children with 
Asperger syndrome and Pearson correlations with oxytocin 
level. 

 Mean (SD) Pearson r p value 

AQ total score 94.0 (12.4) −0.26 0.566 

AQ social skill 20.6 (2.9) 0.01 0.977 

AQ attention switching 18.7 (6.5) −0.35 0.445 

AQ attention to detail 18.9 (4.2) −0.77 0.045* 

AQ communication 20.9 (4.1) 0.24 0.599 

AQ imagination 15.0 (5.7) 0.21 0.656 

*Statistically significant result. 

 
Limitations of the study include small number of sub- 

jects in both groups and the fact that males and females 
were not separated. Gender has been found to have effect 
on OT level in the overall group of autistic and non-au- 
tistic children and OT associations with anxiety [8]. 
However, as groups in our study were also gender- 
matched, we do not expect the different finding in plasma 
OT levels group differences after gender separation. 

Furthermore, we used only AQ for behavioral assess- 
ment of children. AQ was designed to evaluate the dif- 
ferent areas of autistic traits, however, it is restricted to 
them. As OT has been found to be associated with anxi- 
ety in a group of autistic and non-autistic girls [8], more 
extensive behavioral assessment of emotional and social 
functioning should be used in further studies. Our pre- 
liminary results should be followed by studies with 
higher number of subjects including the different ASD 
diagnoses with gender separation. 
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