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Objective  Oxytocin (OT) has been implicated to play an important role in autism spectrum disorders (ASD) etiology. We aimed to
find out the differences in plasma OT levels between children with autism and healthy children, the associations of OT levels with par-
ticular autism symptoms and the associations of particular parental autistic traits with their ASD children OT levels.

Methods We included 19 boys with autism and 44 healthy age-matched boys. OT levels were analyzed by ELISA method. Children
with autism were scored by Childhood Autism Rating Scale and Autism Diagnostic Interview (ADI), adjusted research version. Autism
Spectrum Quotient (AQ), Systemizing Quotient (SQ) and Empathizing Quotient were completed by parents of children with autism.

Results  Children with autism had significantly lower plasma OT levels than controls. OT levels positively correlated with ADI Recip-
rocal Interaction and Communication scores. AQ and SQ of fathers positively correlated with children plasma OT level.

Conclusion Our results support the hypothesis of OT deficiency in autism. The “paradoxical” associations of OT levels and social
skills in children with autism indicate disturbances at various levels of OT system. We first reported associations of OT levels in children
with autism and behavioral measures in fathers indicating that OT abnormalities stay between parental autistic traits and autism symp-

toms in their children.
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INTRODUCTION

Autism spectrum disorders (ASD) are neurodevelopmental
disorders characterized by derangement in social-communica-
tive abilities, emotional development, integrative and executive
functions relatively to the development of other psychological
functions. The symptoms include delayed/abnormal verbal and
nonverbal communication, social contact avoidance and re-
stricted or stereotyped play; interests and behavior. Autism is
highly heritable with the 60-96% concordance in monozygotic
twins compared to 0-23% in dizygotic twins."” In spite of the
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extensive research, the etiology of autism is largely unknown.
Oxytocin (OT) has been implicated to play an important
role in autism etiology due to its effects on emotional and so-
cial behavior.*® Oxytocin, as a product of the OT gene located
at human gene locus 20p13’ is synthesized in magnocellular
neurons in the hypothalamic paraventricular and supraoptic
nuclei and transported axonally into neurohypophysis.”” OT
production has been also reported in peripheral tissues, namely
uterus, placenta, amnion, corpus luteum, testis, gut and
heart."""* Plasma oxytocin in humans has not shown the diur-
nal variations."” Its importance in attachment, maternal behav-
ior, ultrasonic vocalization to social isolation and affiliative and
social behavior has been demonstrated in animal studies.*'*"°
In healthy humans, intranasal OT administration enhanced
trust, perception of faces, increased gaze to eye region and im-
proved the identification of emotions from the eyes, as re-
viewed in Yamasue et al.” The overlap of the central OT effects
and their deficits in ASD lead to the hypotheses of OT anoma-
lies in ASD which have been proved in several studies. The



group of children with autism had significantly lower plasma
OT levels than the control group,'**
autism had lower levels of the bioactive amidated form and

moreover subjects with

higher OT precursor levels indicating the alterations in the
OT peptide forms processing.'” However, the aforementioned
studies differ in the results of the associations of OT levels and
autism symptoms. Modahl et al.'® have reported the positive
association of OT with social and developmental measures in
the group of children without autism, whereas in the group of
children with autism, OT has been negatively associated with
daily living skills, personal care and community skills. On the
contrary, Al-Ayadhi® and Miller et al®® have not found the
significant correlation of OT and degree of autism symptoms.
The hypotheses of OT defective function in autism are sup-
ported by the studies in which OT was administered to indi-
viduals with autism with the improvement of social skills. OT
infusion reduced repetitive behavior and improved the affec-
tive speech comprehension in adults with autism and Asperger
disorder*"* Intranasal OT administration in adults with autism
improved the measures of social cognition” and increased the
interactions with the most socially cooperative partner in a
simulated ball game, enhanced the feelings of trust and in-
creased the gaze time over the video-displayed eye region in a
pictures of faces.* Results of these studies indicate that derange-
ments of the endocrine OT system play an important role in
autism etiology, however the contradictions in the associations
of autism symptoms and OT plasma levels must be elucidated.
We aimed to support the present knowledge by the finding of
the differences in plasma OT levels between children with au-
tism and typically developing children and the associations of
OT levels with the scores of instruments evaluated by clini-
cians and parents.

Autism spectrum disorders are considered to be a continu-
um from mild autistic traits, distributed through the normal
population, with the same cognitive determinants as autistic
disorders.” This milder phenotype with subclinical differences
in social skills, communication abilities and personality traits
is generally described as broader autism phenotype (BAP),
which has been widely reported to be present in relatives of
people with ASD in higher rates than in healthy people with-
out an ASD relative.” Autism Spectrum Quotient (AQ), Sys-
temizing Quotient (SQ) and Empathy Quotient (EQ) are the
instruments extensively used to evaluate the autistic traits with-
in normal population.””* Supporting the high genetic compo-
nent of autism, the different subscales of AQ have been found
to be scored higher in parents of children with autism com-
pared to control parents.”***

To our best knowledge, no study has evaluated the OT asso-
ciations with the particular traits of BAP within the non-autis-
tic population or parents of children with ASD. The aforemen-
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tioned studies’ results of decreased plasmatic OT in children
with autism and improvement of social skills after OT admin-
istration in both healthy and individuals with autism suggest
that OT could be the linking component between parental au-
tistic traits and child’s ASD symptoms, particularly those in-
cluding social dysfunction. We aimed to find out the associa-
tions of the particular autistic traits evaluated by AQ, SQ and
EQ in parents with the OT levels in their ASD children.

Our study aimed to elucidate 3 questions: 1) Do plasmatic
OT levels differ between children with autism and control
healthy typically developing children? 2) Are plasmatic OT
levels in children with autism associated with the severity of
particular autism symptoms, and if yes, which of them? 3)
Are plasmatic OT levels in children with autism associated
with autistic traits of their parents?

METHODS

Participants

We recruited 19 boys with the diagnosis of childhood au-
tism and 44 healthy control typically developing boys between
ages of 2 and 9. Subjects with autism and control subjects were
group-matched for chronological age: boys with autism mean
age=56.7 months, SD=25.4 months; control boys mean age=
58.9 months, SD=23.0 months. Children with autism were re-
cruited from the local Autism Centre for children in Bratislava,
Slovakia. All boys with autism were diagnosed as meeting cri-
teria for ICD-10 childhood autism by a clinical child psycholo-
gist with the cooperation of a child psychiatrist, who confirmed
all diagnoses. Only children with IQ=70 and without any oth-
er psychiatric disorder were included into the study. We re-
cruited only boys with autism classified as aloof according to
the Wings classification.” Children with other pervasive de-
velopmental disorders and children classified as passive or ac-
tive-but-odd* were not recruited, as well as girls due to clinical
and gender homogeneity of sample. All subjects were medica-
tion-free. Control subjects were recruited through local pedi-
atrician ambulance after regular pediatric examination or mild
physical condition due to which they attended pediatrician.
All subjects were at the time of blood sample intake healthy
and without any known physical condition that was confirmed
by pediatrician. All control subjects were without any psychi-
atric condition confirmed by child psychiatrist according to
their examinations and parent interview. All control subjects
had normal functioning in a regular kindergarten or elementary
school. No control subject had delay in speech and language or
psychomotor development as per parent interview.

Parents of children with autism were recruited at the same
time and place as their children during their visit in Autistic
Centre after the diagnostic procedure of their child, during the
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four-month period September-December 2012. Fourteen
mothers and 13 fathers participated in the study. Four mothers
and 4 fathers did not assent to participate in the study, 2 fathers
did not live with or did not contact their families, the mother
of one boy was not alive. The study was explained to parents in
Autistic Centre and the questionnaires were sent by e-mail to
those consenting to the study. Parents were asked to send the
completed questionnaires by e-mail. All participating parents
send the completed questionnaires within 2 weeks. The age of
mothers was: mean=34.6 years, SD=7.7 years, the age of fathers
was: mean=38.6 years, SD=5.5 years. The education of 4 moth-
ers was graduate, 8 had high school, and 2 elementary school
education. Five fathers had graduate and 8 high school educa-
tion. All parents had no history of psychiatric treatment, except
one mother with depressive disorder according to her reference.

Written informed consent was obtained from all parents of
participating children, parents of children with autism signed
the written consent both for themselves and their children.
The protocol was approved by the Ethics Committee of Facul-
ty of Medicine, Comenius University. The study conformed to
the code of ethics stated in the Declaration of Helsinki.

Plasma oxytocin measurement

Three mL of venous blood were taken from children with
autism in the local Neurological Centre for Children and
Adults in Bratislava. Blood of control children was taken by
their pediatrician. The blood samples of all children were ob-
tained during the same daily interval from 8.00-9.00 am. Im-
mediately 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
Sciences). All OT measurements were performed in the labo-
ratory of Institute of Physiology, Comenius University in
Bratislava.

Psychological measures in children and parents

All children with autism were tested using The Childhood
Autism Rating Scale (CARS) evaluated by child clinical psy-
chologist with the cooperation of child psychiatrist and Autism
Diagnostic Interview (ADI), the adjusted research version,
which was filled by child psychiatrist as per interview with par-
ents. Parents of children with autism were asked to fulfill Au-
tism Spectrum Quotient (AQ), Systemizing Quotient (SQ) and
Empathy Quotient (EQ) which were sent to them by e-mail.

CARS™ is a behavioral assessment scale for diagnostics of
autism, appropriate for children of all ages. It is designated to
identify children with autism and for differential diagnostics
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of autism and other developmental disorders. CARS includes
15 items rated on a 7-point scale with the evaluation in 4 de-
grees—non-autistic, mild autistic, middle autistic and severe au-
tistic child. The range of scores on the CARS is 15-60. Scores of
30 or higher are in the autism range. Independent psychomet-
ric support for the CARS is excellent. CARS has better diagnos-
tic validity than other autism rating scales with high criterion-
related validity, inter-rater and test-retest reliability and internal
consistency.”*

ADI" is a semi-structured interview for parents, who re-
spond to the questions about patient’s behavior. Their respons-
es were combined with the clinical observations of child psy-
chiatrist who examined the child before the interview. We
used the adjusted ADI version for research* with 35 items in 4
content areas: social/reciprocal interaction, communication,
speech and language and restricted/repetitive behavior, rated
on 3 or 4 point scale. The research version of ADI is shorter
and more easily performable that the current version of ADI-
R. Social interaction area includes 13 items which are generally
scored 0-no evidence of abnormality, 1-some evidence of ab-
normality, 2-evidence of marked abnormality, 3-very high ab-
normality. This area includes items of eye contact, social smile,
mimics, imaginative play, imitative play, interest in other chil-
dren, play in peer group, expression of sympathy, use of other
person’s body part, joint attention and pleasure. The total
score of this area ranges from 0 to 39. The communication area
includes 7 items about pointing on objects, gestures, expression
of agreement and disagreement by head wagging, spontaneous
imitation, imaginative and imitative play. Two items are scored
in 3-point scale, namely expression of agreement and disagree-
ment by head wagging (generally 0-normal occurrence, 1-some-
times, 2-never), other items are scored in 4-point scale (gener-
ally 0-no evidence of abnormality, 1-some evidence of abnor-
mality, 2-evidence of marked abnormality, 3-very high abnor-
mality). The total score of this area ranges from 0 to 19. The
speech and language area includes 7 items about the general
speech level, reciprocal conversation, small talk, stereotypes in
speech, inadequate questions/arguments, pronouns exchange
and neologisms/idiosyncrasies. General speech level is scored
0-2 (0-functional use of spontaneous, echolalic or stereotyped
speech, 1-functional use of spontaneous, echolalic or stereo-
typed speech is not present, 2-child uses less than 5 words or
signs of verbal communication are not present daily) and small
talk 0-3 (generally 0-no evidence of abnormality, 1-some evi-
dence of abnormality, 2-evidence of marked abnormality, 3-very
high abnormality). Other items within this area are scored 0-3
(generally 0-no evidence of abnormality, 1-some evidence of ab-
normality, 2-evidence of marked abnormality, 3-very high ab-
normality). The total score of this area ranges from 0 to 20. The
area of restricted and repetitive behavior includes 8 items about



restricted interests, bizarre occupation, ritualized verbalization,
compulsions/rituals, manierisms with fingers/hand, complex
manierisms, non-functional objects use and bizarre sensoric oc-
cupation. All items are scored 0-3 (generally 0-no evidence of
abnormality, 1-some evidence of abnormality, 2-evidence of
marked abnormality, 3-very high abnormality), except bizarre
sensoric occupation which can be scored 0-2 (0-no signs, 1-one
or two bizarre occupations are present regularly and 2-marked
bizarre sensoric occupation which takes a considerable time or
restricts in the objects use in adequate way). The total score of
this area ranges from 0 to 23. The maximum total score is 101
points. As we wanted to reveal the associations of the actual par-
ticular symptoms of autism and the level of oxytocin, inde-
pendently of developmental age, we used the current scores
of ADIL

AQ is a self-administered questionnaire designated to quanti-
fy the autistic traits in adults with normal intelligence. It has
been shown to have a good test-retest and inter-rater reliability.”®
It shows good consistency across different age groups**
good cross-cultural stability.>**>' AQ contains 50 statements

» <

and the respondent can “definitely agree”, “slightly agree”,

and

“slightly disagree” and “definitely disagree”. Fifty questions in-
clude 5 different areas: social skill, attention switching, atten-
tion to detail, communication and imagination. Twenty-four
items confirm and 26 deny autistic traits. The 2 of 4 responses
are scored 1 point when a response confirms autistic traits. The
higher score represents the greater autistic traits. The possible
maximum score is 50. A cut-off value for a clinical population
has been suggested to be 26 and for general population 32.*

SQ and EQ are based on the Baron-Cohen’ s empathizing-
systemizing theory and the extreme male brain theory in au-
tism.” Systemizing is according to Baron-Cohen defined as a
drive to analyze the variables in a system and to derive the un-
derlying rules that govern the behavior of a system,”® which is
not related to intelligence.* Empathizing is the drive to identify
another persons emotions and thoughts and to respond to these
with an appropriate emotion.” Both SQ and EQ are self-report-
ed questionnaires which have shown good validity and reliabili-
ty, high internal consistency across different age groups™**** and
cross-cultural stability.* EQ and SQ scores have been found to
be successful predictors for AQ score.”” We used the versions
for adults.

SQ contains 60 items, 40 of them are systemizing, 20 are
control items. The respondent can “definitely agree’, “slightly
agree’, “slightly disagree” and “definitely disagree” The system-
izing items can be scored 0, 1 or 2 points, the maximum possi-
ble score is 80.%*

EQ contains 60 items, 40 empathy and 20 control items.
The respondent can “definitely agree”, “slightly agree”, “slightly
disagree” and “definitely disagree”. The empathizing items can
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be scored 0, 1 or 2 points, the maximum possible score is 80.%

AQ, EQ and SQ questionnaires were downloaded from
Autism Research Centre website http://www.autismresearch-
centre.com/ with kind permission of the authors and translat-
ed into Slovak language.

Statistical analysis

We used the two-tailed unpaired t-test with Welchs correc-
tion for group differences in plasma OT levels between chil-
dren with autism and healthy children. We used Pearson cor-
relation coefficients to correlate plasma OT levels with CARS,
ADI and ADI subscales scores and plasma OT levels with AQ,
SQ and EQ of parents. Linear regression was used to exclude
possible confounding variables in significant correlations of
parental behavioral scores with plasma OT levels in their chil-
dren with autism. The extreme values exceeding mean+2 SD
were excluded from correlation analyses. The significance level
was set at p<0.05.

RESULTS

Plasma oxytocin levels group differences

We found a high statistically significant difference in plas-
ma OT levels between groups (t=3.71, p=0.0004). Descriptive
statistics and group differences for OT levels are presented in
Table 1.

Plasma oxytocin levels and severity of particular
autistic symptoms

We excluded 1 child for OT extreme values (= meant2 SD)
from correlation analyses. We also did not include this value
into the correlation analyses with parental behavioral mea-
sures. We found the significant positive correlation of plasma
OT levels and ADI reciprocal interaction and communication
subscales. We did not find the significant correlations of plas-
ma OT levels nor with ADI speech/language and restricted/re-
petitive behavior subscale score, neither with the CARS score
or ADI total score. Descriptive statistics of scores of children
with autism and correlations with plasma OT levels are pre-
sented in Table 2.

Table 1. Plasma oxytocin levels in children with autism and con-
trols (pg/mL)

Children with autism Controls
(N=19) (N=44)
Mean (SD) 124.10 (90.59) 267.77 (212.37)*
Median 122.11 202.68
Range 31.77-314.35 33.21-898.76

*t=3.76, p=0.0004
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Plasma oxytocin levels and parental measures

We excluded 1 father for the extreme values (= meant2
SD) of the AQ imagination subscore and 1 mother for the AQ
total score, AQ social skill, attention switching, imagination
and communication subscore from correlation analyses. We
found significant positive correlations of plasma OT levels in
children and fathers’ AQ and SQ scores. The linear regression
showed the significant relationships between these variables
(Faq=8.258, pag=0.021; Fsq=7.324, psq=0.020). We did not
find any significant correlation of children plasma OT levels
and any of fathers’ AQ subscale score, however there was the
positive trend (p<0.09) for social skill, attention to detail and
communication areas. We did not find any significant correla-
tions between plasma OT levels and fathers’ EQ score. We did
not find any significant correlation between plasma OT levels
and mothers’ SQ and EQ score, however mothers’ AQ score
had a trend to positive relationship. We did not find the corre-
lation of any of mothers’ AQ subscales and children OT level.
Descriptive statistics of parental measures and correlations
with their children plasma OT levels are presented in Table 3.

DISCUSSION

We found significantly lower plasma OT levels in the group

Table 2. Behavioral scores of children with autism and pearson
correlations with oxytocin plasma levels

Score mean (SD) Pearson r

ADI 49.6 (16.1) 0.45
ADI reciprocal interaction 21.9(7.9) 0.60*
ADI communication 12.0 (4.1) 0.55*
ADI speech and language 6.8(2.8) 0.21
ADI restricted/repetitive behavior 8.2 (4.6) -0.14

CARS 48.6 (6.4) 0.21

*p<0.05. ADI: Autism Diagnostic Interview, CARS: Childhood
Autism Rating Scale

of children with autism compared to age-matched healthy
controls. We confirmed the results of previous studies'**
porting the hypothesis of altered endocrine OT system in au-

sup-

tism. However, our finding of significant positive correlation
of plasma OT levels and ADI reciprocal interaction and com-
munication subscales scores indicates that autism symptoms
are not negatively associated with OT levels, on the contrary
we found the opposite pattern (higher OT levels were connect-
ed with more severe autism symptoms). This pattern is similar
to the finding of Modahl et al.,'® in which OT levels were nega-
tively associated with socialization items of The Vineland
Adaptive Behavior Scales with the strongest correlation with
items related to imitation, while in the group of normal controls
higher OT levels corresponded with greater interaction skill
and daily living skills."® Thus it seems that OT levels are associ-
ated with particular ASD symptoms connected with social
abilities including reciprocal interaction, imitation and skills to
express the needs, however the relationship between these
abilities and OT is opposite to that in people without autism
spectrum disorder.” The association of the symptoms con-
nected with social skills reflects the OT importance in social
functions reported before in animal and human studies,*"*"
however it indicates that dysfunction in OT system is related
particularly to social impairments in ASD. Furthermore, the
negative relationship between OT plasma levels and social
skills could reflect more extensive abnormalities at various lev-
els in OT endocrine system. The deficits in transcription of the
OT gene or the alterations in the OT peptide forms processing
could explain lower OT levels in ASD, however the opposite
relationship between social skills and OT levels could reflect
the OT receptor (OXTR) abnormalities with the compensato-
ry increase in OT levels. This hypothesis is supported by the
findings of both OT gene and OXTR gene polymorphisms as-
sociated with ASD. The CD38 (coding a trans-membrane pro-
tein engaged in OT secretion) polymorphisms have been doc-
umented in relationship with the ASD pathophysiology in

Table 3. Parental behavioral scores and correlations with plasma oxytocin levels in their children with autism

Mothers (N=14)

Fathers (N=13)

Score mean (SD) Pearson r Score mean (SD) Pearson r
AQ 14.7 (9.7) 0.56f 13.3(6.3) 0.73*
AQ social skill 2.3(2.7) 0.39 1.8(1.4) 0.59f
AQ attention switching 2.9 (2.6) -0.04 2.7 (1.3) 0.27
AQ attention to detail 3.3(1.3) 0.35 3.5(1.9) 0.58f
AQ communication 42(2.3) 0.43 3.2(2.1) 0.567
AQ imagination 1.7 (2.1) 0.41 2.0(1.9) 0.12
EQ 45.1 (10.8) 0.12 39.0 (11.3) -0.39
SQ 22.8(8.4) -0.36 33.4(6.5) 0.65*

*p<0.05, Tp<0.09 (trend). AQ: Autism Spectrum Quotient, EQ: Empathizing Quotient, SQ: Systemizing Quotient
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both animal®® and human™® studies. The polymorphisms in
the OXTR gene have been significantly associated with ASD
in the Chinese, Caucasian and Japanese populations.®** The
OXTR gene polymorphisms have been also connected with
autism spectrum disorders on high-functioning level with the
association to social interaction and communication deficits.”
Furthermore, the genomic deletion containing the OXTR in
proband with autism and his mother with obsessive-compul-
sive symptoms and OXTR epigenetic misregulation by DNA
methylation in probandss affected sibling have been shown.®
Thus, the ASD social deficits could be represented by the com-
bination of abnormalities at various levels of OT system includ-
ing both lower plasma OT levels and OXTR gene abnormalities
with the compensatory increase in plasma OT, but insufficient
due to OT gene or OT molecule processing derangements. The
future studies should focus on the relationships between plas-
ma OT levels and OXTR gene polymorphisms in the same
probands with autism and their relations to particular autism
symptoms, compared to individuals without autism.

We found significant positive correlations of plasma OT lev-
els in children with autism and fathers’ SQ and AQ scores with
the positive trend for social skill, attention to detail and com-
munication areas. To our best knowledge, this is the first evi-
dence of parental behavioral measures’ associations with OT
level of their children with autism. These findings support our
hypothesis that OT is the linking component between the level
of parental and children autistic traits, predominantly those
concerning social abilities. Moreover, this relationship has the
same pattern as the relationship between behavioral measures
of children with autism, namely social interaction and com-
munication and their OT level. The possible explanation of
these associations includes the theory of the extreme male
brain in autism™ and oxytocin-testosterone interactions. The
extreme male brain, with its phenotypic continuum from mild
autistic traits to severe ASD, assumes better systemizing than
empathizing due to elevated fetal testosterone levels.” This
theory is supported by the findings of lower 2D:4D ratio in in-

dividuals with autism®”°

which is considered to be a marker
of prenatal testosterone concentration,” increased rate of tes-
tosterone-related medical conditions in females with ASD and
mothers of ASD children’ and correlations of salivary testos-
terone with AQ in a group of males and females.” The testos-
terone production has been reported to be stimulated by OT
in cultures of isolated adult rat Leydig cells,* after subcutane-
ous OT injections in female goats™ and has been confirmed in
healthy men after intranasal OT application.” To our best ef-
fort, we did not find the evidence about the enhancing effects
of OT on testosterone production also prenatally. We hypoth-
esize that in healthy individuals higher prenatal OT could lead

to higher testosterone resulting in greater autistic traits, still
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within subclinical form. Prenatal testosterone could have the
feedback effects on OT system. It has been previously found
that steroid hormones have the regulative enhancing effects on
brain OXTR gene expression and central OT binding, which
are region-specific.”*'
directly documented the prenatal testosterone eftects on OT
production in supraoptic and paraventricular nucleus or
OXTR sensitivity, however intranasal OT in healthy men in-
duced the group-serving tendencies only in those with higher
fetal testosterone, according to their 2D:4D ratio,*” which indi-
cates the different responsiveness to OT mediated by prenatal
testosterone exposure. We hypothesize that whereas prenatal
testosterone could have enhancing region-specific effects on
postnatal OXTR sensitivity, gene expression or central OT
binding in healthy individuals, the prenatal hypertestosteron-

To our best knowledge, no study has

ism resulting in autism could lead to oxytocin level decrease
through the negative feedback by down-regulation of OT or
OXTR gene expression with the effect on postnatal OT plasma
level decrease or decrease in OXTR sensitivity. Despite the
down-regulation of genes expression, the inherited OT or
OXTR gene polymorphisms could conserve the proportional
OT production in parents and children, which could be par-
tially proven if father’s blood samples were available for OT
measurements. This hypothesis explains why we found the
positive correlation between plasma OT levels in children with
autism and AQ and SQ of their fathers, despite the decreased
OT in children with autism compared to healthy controls. In
other words, the non-autistic fathers with higher prenatal OT
could have higher prenatal testosterone leading to greater autis-
tic traits. Their children with autism with prenatal hypertestos-
teronism could have down-regulated OT gene leading to de-
creased postnatal OT level. However the association between
father’s and childs OT production could be proportional, re-
sulting to our finding that children with autism with higher OT
have fathers with greater autistic traits. Concurrently, this hy-
pothesis indirectly indicates the OT role in the positive associa-
tions of the parental autistic traits severity and autism symptom
severity in affected children documented before.***
Furthermore, we found the positive correlation of children
OT level and AQ and SQ only in fathers, not mothers. In spite
of the fact that there was a positive trend for AQ in mothers,
the relationship of maternal autistic traits and children OT lev-
el was still lower than that of paternal autistic traits. Moreover,
we did not find the trend to correlation for any of mothers’ AQ
subscale as we did in fathers. This result can be associated with
the previous finding of a study in which only father’s (but not
mother’s) BAP severity predicted the severity of autistic symp-
toms of affected child.*® Explanation of these findings can lean
on an evolutionary hypothesis for autism which proposes the
imbalances in the outcomes of intragenomic conflict between
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maternally and paternally expressed genes.*® Based on the ex-
tensive evidence from genetic studies, authors of this hypoth-
esis proposed the imprinted brain theory of autism which is
caused by imbalances that involve increased genetic, neuro-
logical and behavioral effects of paternal brain at a cost of ma-
ternal brain. According to this theory, father’s genes are ex-
pected to motivate self-interested behavior which might
explain why paternal genes are preferentially expressed in hy-
pothalamus, amygdala and other parts of limbic system involved
in basic drives, appetites and emotions.* This hypothesis, cover-
ing also the Baron-Cohen’s extreme male brain theory,” eluci-
dates the associations of predominantly father’s autistic traits
with the child’s level of OT, produced in a region of paternal
genes preferential expression. However, our study was limited
to the sample of boys, excluding girls with autism, thus we
cannot conclude if this hypothesis can be applied to the whole
population with ASD. Further studies must be done to eluci-
date the relationship between OT levels also in girls with au-
tism and maternal and paternal behavioral measures.

Our results are preliminary and should be confirmed in
higher number of children with autism and their parents. Ex-
cept the small sample sizes, our study has several limitations
which must be noted. First, we included only children classi-
fied as aloof according to the Wing’s typology.”® Modahl et al."®
have found that aloof and active-but-odd subgroups did not
differ significantly in OT levels, however the correlation of OT
level and communication, daily living and socialization scores
has been reported only in aloof group, but not active-but-
0dd."® Our results support this finding, however future re-
search must be done to elucidate the relationships between OT
level and symptoms of other ASD subgroups. Second, we in-
cluded only boys precluding the generalization of our results
to female subjects. Third, we did not quantify behavioral pa-
rameters in parents of healthy control children, thus we cannot
conclude if the associations of children OT level and fathers’
AQ and SQ are present in population with autism exclusively.
Fourth, we evaluated the OT levels in plasma. It is well known
that the sources of plasmatic OT may be central, from hypo-
thalamic magnocellular neurons leading to neurohypophysis
and directly releasing from magnocellular circuitry into capil-
laries and peripheral, including gut, testis and heart in male
subjects.'™"* Despite the findings of increased plasma OT levels
after social stimuli in humans,”** there have been document-
ed the concentration differences between OT levels in plasma
and cerebrospinal fluid.* However, even the plasma OT level
probably does not reflect the OT release from parvocellular
neurons terminating in limbic system, it can reflect the coordi-
nated release by magnocellular neurons which might be acti-
vated in the context of social stimuli.” We have to take into ac-
count also the aforementioned peripheral sources which may
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contribute to plasma OT level and its signaling through the af-
ferent visceral branches that can be registered as emotional
stimuli in the brain.”” However, the fact that children OT levels
correlated with behavioral characteristics of fathers indicates
that they could reflect the OT levels in CNS. As it has been
shown that autism symptoms significantly improve during 4-5
year period” and plasma oxytocin level decreases with age,”
further studies should also investigate the relationships be-
tween symptoms of autism and oxytocin in the association
with aging in the population with and without autism.

Despite the limitations, our pilot study brought the novel re-
sults. We brought the further evidence of decreased plasma
OT levels in children with autism which supports the OT defi-
ciency hypothesis in autism. We reported the “paradoxical” as-
sociations of OT levels and social skills in children with autism
which could indicate the disturbances at various levels in OT
endocrine system. We first reported the associations of OT
levels in children with autism and behavioral measures in fa-
thers only, namely AQ and SQ, which indicates that OT is the
linking component between the level of parental autistic traits
and social abilities of their children with autism, moreover
supports the evolutionary hypothesis of intragenomic conflict
between maternally and paternally expressed genes in autism.
Further research with extended number of child-parents pairs
has to be done to confirm our preliminary results.
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