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Summary

Autism spectrum disorders (ASD) are neurodevelopmental
conditions characterized by impairment in social communication
and presence of stereotyped/restricted behaviors. Children with
ASD very often demonstrate co-morbid psychiatric problems,
problems known to be affected by testosterone in neurotypical
populations. However, there are few reports investigating
relationships between testosterone and psychiatric conditions in
children with ASD. The aim of this study was to determine the
relationship between plasmatic levels of testosterone and
behavioral/emotional problems in pre-pubertal boys with ASD.
The study sample consisted of 31 pre-pubertal boys (ages 3-10)
with ASD. Parents completed the Nisonger Child Behavior Rating
Form (NCBRF) to assess specific behavioral/emotional problems
as observed in the previous 2 months. Plasmatic testosterone
levels were determined in boys according to standardized
procedures. It was found that there were positive correlations
between testosterone levels and the conduct problems subscale
(p=0.034, rs=0.382) of NCBRF and also between testosterone
levels and the hyperactive subscale (p=0.025, rs=0.402) of
NCBRF. Findings in this study are in line with research conducted
in the neurotypical population. This is the first large study
investigating testosterone and emotional/behavioral problems in
ASD and warrants further research in this field in order to clarify
the etiopathogenesis of psychiatric co-morbidities and improve
their treatment.
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Introduction

Autism spectrum disorders (ASD) are a set of

heterogeneous neurodevelopmental conditions,
characterized by early-onset difficulties in social
communication and unusually restricted, repetitive

behavior and interests. The worldwide prevalence is
about 1% (Babinska et al. 2014, Lai et al. 2014).
Children with ASD have often comorbid emotional and
behavioral symptoms including irritability and
aggression, hyperactivity, anxiety and depression (Gadow
et al. 2005, 2012, Hallett et al. 2013, Simonoff et al.
2008, Vickerstaff et al. 2007). Previous studies suggested
that as many as three-fourths of individuals with ASD
might reach the diagnostic threshold for a bona fide
coexisting psychiatric disorder (Brereton et al. 2006),
including attention-deficit/hyperactivity disorder
(ADHD), anxiety disorders, affective disorders and
oppositional defiant disorder (de Bruin et al. 2007, Green
et al. 2000, Simonoff et al. 2008). These disorders may
exacerbate functional impairment and core ASD features.
Children with ASD very often have a unique clinical
presentation of  psychiatric  conditions, usually
accompanied by atypical symptoms (Magnuson and

Constantino 2011, Simonoff et al. 2008), compared to

PHYSIOLOGICAL RESEARCH ¢ ISSN 0862-8408 (print) * ISSN 1802-9973 (online)
© 2015 Institute of Physiology v.v.i., Academy of Sciences of the Czech Republic, Prague, Czech Republic

Fax +420 241 062 164, e-mail: physres@biomed.cas.cz, www.biomed.cas.cz/physiolres



S596 Ppivovarciova et al.

Vol. 64

neurotypical children, and it was also observed that their
psychopharmacological responses may be atypical as
well (Handen et al. 2000).

Sex differences in human behavior, personality
and tendency to emotional states are well documented,
and research on sex differences has found that boys/men
tend to have problems that are more externalized (e.g.
aggression, dominance-seeking behavior) and are less
prone to internalize problems (e.g. depression, anxiety or
low self-esteem) than girls/women (Feingold 1994,
Kessler et al. 1993, Klein et al. 2015). It is assumed that
testosterone may play a role in the etiology of aggression
(Barzman et al. 2013, Carre et al. 2011, Golubchik et al.
2009) and mood-related variables such as depression or
self-esteem (McHenry et al. 2014, Parizek et al. 2014,
Vermeersch et al. 2013). These studies are conducted in
neurotypical children/adults of both genders and, to our
knowledge, there are just two reports employing small
that
testosterone and psychiatric conditions in children with
ASD (Pivovarciova et al. 2014, Tordjman et al. 1997).
Moreover, neurodevelopmental disorders such ADHD

samples investigated  relationships  between

and ASD occur more often in boys than girls (Davies
2014, Lai et al. 2014). Thus, investigating the etiological
role of testosterone in psychiatric conditions affecting
children with ASD might better clarify their specific
etiopathogenesis and the need for further treatment.

The purpose of this paper is to determine the
relationship between plasmatic levels of testosterone and
behavioral and emotional problems in pre-pubertal boys
with ASD. We hypothesized that predominantly “male”
behavioral problems such as conduct disorder symptoms
and ADHD symptoms might positively correlate with
actual levels of plasmatic testosterone in pre-pubertal
boys with ASD.

Methods

Design of the study and selection of subjects

The the Ethical
Committee of the Faculty of Medicine, Comenius
University (FM CU), Bratislava, Slovakia and it has been
performed in accordance with the Declaration of Helsinki
(2000) of the World Medical Association. ASD children
in our study were recruited after diagnostic procedures

study was approved by

(in the Academic Research Center for Autism, Institute of
Physiology, FM CU) and after confirming the diagnosis
of ASD (see description of diagnostic procedures below).
After one parent signs the consent form, 31 pre-pubertal

boys with ASD between 3 and 10 years of age were
enrolled in our study. Parents then completed the
Nisonger Child Behavior Rating Form (NCBRF) and
venous blood was drawn from children according to
standardized procedures (see biochemical procedure
below).

In order to avoid gender differences only boys
were enrolled in the study. We also decided to enroll only
pre-pubertal subjects (<10 years old) in order to avoid
large variability in sex hormone levels described in
children of pubertal age (Sperling 2008).

Diagnosis of ASD and measurement of behavioral/
emotional problems

The diagnosis of ASD was determined by
a clinical psychologist or psychiatrist according to ICD
10 and children also underwent behavioral testing by
trained specialists at the Academic Research Center for
Autism, Institute of Physiology, FM CU. The diagnostic
tools involved: observation of a child by the Autism
Diagnostic Observation Schedule — second revision
(ADOS-2) and the Autism Diagnostic Interview -
(ADI-R), a
administered to parents that provides a thorough
assessment of individuals with ASD (Lord et al. 2000,
1994). All children enrolled to the study had to meet the
criteria for ASD on both autism scales. Parents of the
children with ASD completed the Nisonger Child
Behavior Rating Form (NCBRF) version for parents
(Aman et al. 1996). NCBRF is a behavior rating scale
with good psychometric properties designed for children

Revised comprehensive  interview

and adolescents with intellectual disabilities (Aman et al.
1996). This scale also has good psychometric properties
and also has been widely used in clinical and research
practice in populations of children and adolescents with
ASD (Lecavalier et al. 2004). The behavior of subjects
was assessed in two major areas: social competence and
problem behavior. The 10 social competence items are
distributed on two subscales: Compliant/Calm (e.g.
accepted redirection, followed rules, initiated positive
interactions) and Adaptive/Social (e.g. participated in
group activities, shared with others, stayed on task). Items
are rated on a four-point Likert scale ranging from not
true (0) to completely or always true (3). The 66 problem
behavior items are also rated on a four-point Likert scale.
Raters are instructed to consider both the rate of
occurrence and the degree to which the behavior was
a problem over the last month. Ratings can vary from
“did not occur” or “was not a problem” (0) to “occurred
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alot” or “was a serious problem” (3). There are 66 items
that are distributed on six subscales: (1) Conduct Problem
(e.g. explosive, easily angered, gets in physical fights,
argues, violates rules, tantrums), (2) Insecure/ Anxious
(e.g. nervous/tense, overly anxious to please others, easily
embarrassed, silent and moody), (3) Hyperactive (e.g.,
difficulty concentrating, easily distracted, fidgets/wiggles,
overactive), (4) Self-Injury/Stereotypic (e.g., hits or slaps
own head or other body parts, rocks body back and forth
self-biting), (5) Self-
Isolated/Ritualistic (e.g., apathetic or unmotivated, has

repetitively, self-scratching,
rituals, shy around others, isolates self from others), and
(6) Overly Sensitive (e.g., crying, tearful episodes, easily
frustrated, feelings easily hurt).

Biochemical procedure

Venous blood samples were drawn into sterile
polypropylene tubes containing K2 EDTA (Sarstedt,
Niimbrecht, Germany) using standardized procedures the
same month of a year from 8:00 to 10:00 a.m. from all
children at the Pediatric Department of Children Faculty
Hospital CU in Bratislava. Whole blood samples were
centrifuged for 5 min at 2000 g immediately after
collection. Plasma aliquots were stored at —20 °C for not
longer than one month. On the day of testing, frozen
samples were brought to room temperature and pipetted
on to a testing plate. The ELISA assay using
a commercial Testosterone ELISA kit and an Estradiol
ELISA kit were used according to manufacturer's
(DRG GmbH, Marburg,
Germany). The intra-assay coefficient of variation was

instructions Instruments
3.3 % and the inter-assay coefficient of variation was
6.2 %.

Statistical analysis

Statistical analyses were done using Graph Pad
Prism 5 (Graph Pad software, San Diego, USA).
Correlations between hormonal levels and behavioral
scores were assessed using the Spearman correlation test
due to the non-parametric distribution of the sample.

Results

The aim of this study was the determination of
the relationship between plasmatic levels of testosterone
and behavior subscales of NCBRF in pre-pubertal boys
with ASD. Positive correlation between total plasmatic
testosterone levels and conduct problem subscale of
NCBREF (p=0.034, rs=0.382) was observed and a positive

correlation between total testosterone and hyperactive
subscale of NCBRF (p=0.025, rs=0.402) was found. No
other correlations with other social competence and
problem behavior subscales of NCBRF and testosterone
levels were found (see correlation matrix in Table 1 and
Figure 1 a, b).

Discussion

Many children with ASD demonstrate co-morbid
psychiatric problems, problems known to be affected by
steroid hormones according to research done in
a neurotypical population. Although there are lines of
research supporting idea about testosterone involvement
in the etiopathogenesis of ASD, studies about the
relationship between testosterone and psychiatric
co-morbidities in the ASD population are few
(Pivovarciova et al. 2014, Tordjman et al. 1997). Our
study is the first large study investigating correlations
between plasmatic testosterone levels and behavioral
problems in prepubertal boys with ASD.

In our study it was found that there was positive
correlation between total plasmatic testosterone levels
and the conduct problem subscale of NCBRF. Conduct
disorders and aggressive behavior have been related to
increased prenatal and postnatal testosterone levels, in the
neurotypical population of children (Barzman et al. 2013,
Golubchik et al. 2009) and adults (Bailey and Hurd 2005,
Carre et al. 2011, Dabbs et al. 1987, Montoya et al.
2012). Aggression is generally more often present in boys
than in girls in the neurotypical population (Lansford et
al. 2006) although gender has consistently not been
associated with aggression in children with ASD (Kanne
and Mazurek 2011, Murphy et al. 2009). To our
knowledge, there are two brief reports discussing the
question of whether higher testosterone levels are related
to aggressive symptoms in children with ASD, comparing
them with neurotypical children and ASD children
without aggression. Tordjman et al. (1997) measured
plasma testosterone in nine patients with ASD compared
to a group of neurotypical children. The nine adolescent
children with ASD were divided into three groups
comprised of (1) those aggressive against others,
(2) those who are self-mutilating, and (3) a group that had
the withdrawal characteristic of ASD. The group that
exhibited had  higher

testosterone levels than any of the comparison subjects.

aggression against others
However, the other autistic patients showed normal

adrenal androgen levels. Similarly, in our recent initial
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Table 1. Correlation matrix table (including correlation coefficients rs) with the variables analyzed in groups of boys with ASD, p-values

less than 0.05 were considered significant.

Conduct
problems

Compliant/ Adaptive

calm social

Insecure/
Anxious

Self-
injury/

Self-
isolated/
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Hyper- Overly

active sensitive
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Testosterone
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(p=0.098)
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Fig. 1. Correlation graphs (including correlation coefficients rs)
with the variables analyzed in pre-pubertal boys with ASD,
p-values less than 0.05 were considered significant. There are
total testosterone levels on axes x and scores in problem
behavior subscales of NCBRF (conduct problems, hyperactive) on
axes y. A): Positive correlation between total plasmatic
testosterone levels and total scores on conduct problem subscale
(p=0.034, rs=0.382) of NCBRF, B): positive correlation between
total plasmatic testosterone and total scores on hyperactive
subscale of NCBRF (p=0.025, rs=0.402)

report (Pivovarciova et al. 2014), only one of the three
pre-pubertal boys with ASD who engaged in a specific
type of aggression had an abnormally high level of
plasmatic testosterone compared to a group of
neurotypical control children; the rest of the ASD patients
had no significant difference in testosterone levels
compared to the control group. In both of these studies
higher testosterone levels and aggressive behavior in
children with ASD were observed comparing to
neurotypical children or other children with ASD.
Attention deficit hyperactivity disorder (ADHD)
is a neurodevelopmental disorder that is characterized by
acombination of severe inattention, extreme
impulsiveness across the variety of domains, and
2014). In

a neurotypical population, the lines of evidence support

hyperactivity =~ (Tonhajzerova et al.

the idea that elevated androgen levels (especially
prenatally) may confer increased vulnerability to ADHD
(Davies 2014). ADHD is generally more often present in
boys than in girls in a neurotypical population although
gender has consistently not been associated with ADHD
in children with ASD (Brereton et al. 2006, Simonoff et
al. 2008). In our study, testosterone levels were found to
be positively correlated with the hyperactive subscale of
NCBRF. According to NCBRF, hyperactive subscale
items (e.g. difficulty concentrating, easily distracted, fails
to finish things he/she starts) are symptoms often related
to ADHD. To our knowledge, there are no studies
investigating a relationship between actual testosterone
levels and ADHD symptoms in ASD children. However,
there are studies conducted in children with ASD that
show a positive relationship between prenatal levels of
testosterone and ADHD symptoms in these children
(de Bruin et al. 2006, Romero-Martinez et al. 2013).
reported that high
testosterone levels may be partially involved in the
development of both disorders: ADHD and ASD that
may point to common pathways in etiopathogenesis of

Moreover, it was intrauterine
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both disorders (Davies 2014, Romero-Martinez et al.
2013).

Our results need to be interpreted with regard to
the limitations of the current study. This is a pilot study
with a minimal number of subjects. In the future,
relationships between testosterone and behavioral/
emotional problems should be studied in females with
ASD as well as with other age categories in order to
generalize our findings (Freitag 2014). Another limitation
pertains to the instrument used. Although there were
significant advantages over other methods, a standardized
behavior rating scale of present symptoms is limited by
the range of items included. For example, there is large
under-recognition of co-morbidities (e.g. anxiety and
depressive symptomatology) in ASD children due to
atypical symptoms and lack of specific assessment tools
for co-morbidities in these individuals (Magnuson and
Constantino  2011),

aforementioned limitation. Along the same lines, the

which can contribute to the

results were dependent on the accuracy of information
obtained from informants (parents). In future research,
assessment of particular problem behavior in real time
based on experimental design during functional
behavioral analysis might be useful in order to obtain
more detailed qualitative and quantitative characteristics
such as function, frequency, intensity, and duration of
aggressive episodes (Iwata ef al. 1994, Mace et al. 1986).
In future research it is necessary to study relationships
between testosterone and co-morbidities in a more
comprehensive way, taking into consideration complex
androgen activity (Durdiakova et al. 2011) and not only
total plasmatic testosterone levels (e.g. sensitivity of
androgen receptor, activity of enzymes involved in
testosterone metabolism). Moreover, it is very unlikely

that testosterone solely plays a role in the etiology of

References

co-morbidities and the potential relationship between
testosterone and other hormones (cortisol, oxytocine,
estradiol) might be taken into consideration.

Conclusions

Despite the limitations to the findings, the results
have important implications. Psychiatric conditions are
very frequent and unique in children/adults with ASD.
These disorders may exacerbate functional impairment
and core ASD features and may have a serious impact on
children with ASD as well as their families and society.
Considerable evidence exists that testosterone plays a role
in the etiopathogenesis of psychiatric conditions in
neurotypical populations. However, there is insufficient
information about this relationship in children with ASD.
Our study is the first bigger study investigating the
potential  relationship  between testosterone and
emotional/behavioral problems in ASD and warrants
further research in this field in order to clarify the
etiopathogenesis of psychiatric co-morbidities and
improve consequent treatment and prevention (Klasen et

al. 2015).

Conflict of Interest
There is no conflict of interest.

Acknowledgements

This study emerged as a part of the Autism research
project held at the Academic Research Center for Autism
(ARCA) at the Institute of Physiology, Faculty of
Medicine, Comenius University, Bratislava, Slovakia,
supported by grants: University Science Park for
Biomedicine Bratislava (ITMS 26240220087) and APVV
0254-11.

AMAN MG, TASSE MJ, ROJAHN J, HAMMER D: The Nisonger CBRF: a child behavior rating form for children
with developmental disabilities. Res Dev Disabil 17: 41-57, 1996.

BABINSKA K, BUCOVA M, DURMANOVA V, LAKATOSOVA S, JANOSIKOVA D, BAKOS J, HLAVATA A,
OSTATNIKOVA D: Increased plasma levels of the high mobility group box 1 protein (HMGBI1) are
associated with a higher score of gastrointestinal dysfunction in individuals with autism. Physiol Res 63

(Suppl 4): S613-S618, 2014.

BAILEY AA, HURD PL: Finger length ratio (2D:4D) correlates with physical aggression in men but not in women.

Biol Psychol 68: 215-222, 2005.

BARZMAN DH, MOSSMAN D, APPEL K, BLOM TJ, STRAWN JR, EKHATOR NN, PATEL B, DELBELLO MP,
SORTER M, KLEIN D, GERACIOTI TD Jr: The association between salivary hormone levels and children's
inpatient aggression: a pilot study. Psychiatr QO 84: 475-484,2013.



S600 Ppivovarciova et al. Vol. 64

BRERETON AV, TONGE BJ, EINFELD SL: Psychopathology in children and adolescents with autism compared to
young people with intellectual disability. J Autism Dev Disord 36: 863-870, 2006.

CARRE JM, MCCORMICK CM, HARIRI AR: The social neuroendocrinology of human aggression.
Psychoneuroendocrinology 36: 935-944, 2011.

DABBS JM Jr, FRADY RL, CARR TS, BESCH NF: Saliva testosterone and criminal violence in young adult prison
inmates. Psychosom Med 49: 174-182, 1987.

DAVIES W: Sex differences in attention Deficit Hyperactivity Disorder: candidate genetic and endocrine mechanisms.
Front Neuroendocrinol 35: 331-346, 2014.

DE BRUIN EI, VERHEIJ F, WIEGMAN T, FERDINAND RF: Differences in finger length ratio between males with
autism, pervasive developmental disorder-not otherwise specified, ADHD, and anxiety disorders. Dev Med
Child Neurol 48: 962-965, 2006.

DE BRUIN EI, FERDINAND RF, MEESTER S, DE NIJS PF, VERHEIJ F: High rates of psychiatric co-morbidity in
PDD-NOS. J Autism Dev Disord 37: 877-886, 2007.

DURDIAKOVA J, OSTATNIKOVA D, CELEC P: Testosterone and its metabolites — modulators of brain functions.
Acta Neurobiol Exp (Wars) T1: 434-454,2011.

FEINGOLD A: Gender differences in personality: a meta-analysis. Psychol Bull 116: 429-456, 1994.

FREITAG C: Neurobiology and treatment of adolescent female conduct disorder: FemNAT-CD consortium: a new
European cooperation. Eur Child Adolesc Psychiatry 23: 723-724, 2014.

GADOW KD, DEVINCENT CJ, POMEROY J, AZIZIAN A: Comparison of DSM-IV symptoms in elementary school-
age children with PDD versus clinic and community samples. Autism 9: 392-415, 2005.

GADOW KD, GUTTMANN-STEINMETZ S, RIEFFE C, DEVINCENT CJ: Depression symptoms in boys with
autism spectrum disorder and comparison samples. J Autism Dev Disord 42: 1353-1363, 2012.

GOLUBCHIK P, MOZES T, MAAYAN R, WEIZMAN A: Neurosteroid blood levels in delinquent adolescent boys
with conduct disorder. Eur Neuropsychopharmacol 19: 49-52, 2009.

GREEN J, GILCHRIST A, BURTON D, COX A: Social and psychiatric functioning in adolescents with Asperger
syndrome compared with conduct disorder. J Autism Dev Disord 30: 279-293, 2000.

HALLETT V, LECAVALIER L, SUKHODOLSKY DG, CIPRIANO N, AMAN MG, McCRACKEN JT,
MCcDOUGLE CJ, TIERNEY E, KING BH, HOLLANDER E, SIKICH L, BREGMAN J, ANAGNOSTOU E,
DONNELLY C, KATSOVICH L, DUKES K, VITIELLO B, GADOW K, SCAHILL L: Exploring the
manifestations of anxiety in children with autism spectrum disorders. J Autism Dev Disord 43: 2341-2352,
2013.

HANDEN BL, JOHNSON CR, LUBETSKY M: Efficacy of methylphenidate among children with autism and
symptoms of attention-deficit hyperactivity disorder. J Autism Dev Disord 30: 245-255, 2000.

IWATA BA, DORSEY MF, SLIFER KJ, BAUMAN KE, RICHMAN GS: Toward a functional analysis of self-injury.
J Appl Behav Anal 27: 197-209, 1994.

KANNE SM, MAZUREK MO: Aggression in children and adolescents with ASD: prevalence and risk factors.
J Autism Dev Disord 41: 926-937, 2011.

KESSLER RC, MCGONAGLE KA, SWARTZ M, BLAZER DG, NELSON CB: Sex and depression in the National
Comorbidity Survey. I: Lifetime prevalence, chronicity and recurrence. J Affect Disord 29: 85-96, 1993.

KLASEN F, OTTO C, KRISTON L, PATALAY P, SCHLACK R, RAVENS-SIEBERER U; BELLA STUDY
GROUP: Risk and protective factors for the development of depressive symptoms in children and adolescents:
results of the longitudinal BELLA study. Eur Child Adolesc Psychiatry 24: 695-703, 2015.

KLEIN AM, OTTO Y, FUCHS S, REIBIGER I, vON KLITZING K: A prospective study of behavioral and emotional
symptoms in preschoolers. Eur Child Adolesc Psychiatry 24: 291-299, 2015.

LAI MC, LOMBARDO MV, BARON-COHEN S: Autism. Lancet 383: §96-910, 2014.

LANSFORD JE, MALONE PS, STEVENS KI, DODGE KA, BATES JE, PETTIT GS: Developmental trajectories of
externalizing and internalizing behaviors: factors underlying resilience in physically abused children.
Dev Psychopathol 18: 35-55, 2006.

LECAVALIER L, AMAN MG, HAMMER D, STOICA W, MATHEWS GL: Factor analysis of the Nisonger Child
Behavior Rating Form in children with autism spectrum disorders. J Autism Dev Disord 34: 709-721, 2004.



2015 Testosterone and Behavioral Problems in ASD  S601

LORD C, RUTTER M, LE COUTEUR A: Autism Diagnostic Interview-Revised: a revised version of a diagnostic
interview for caregivers of individuals with possible pervasive developmental disorders. J Autism Dev Disord
24: 659-685, 1994.

LORD C, RISI S, LAMBRECHT L, COOK EH Jr, LEVENTHAL BL, DILAVORE PC, PICKLES A, RUTTER M:
The autism diagnostic observation schedule-generic: a standard measure of social and communication deficits
associated with the spectrum of autism. J Autism Dev Disord 30: 205-223, 2000.

MACE FC, PAGE TJ, IVANCIC MT, OBRIEN S: Analysis of environmental determinants of aggression and
disruption in mentally retarded children. App! Res Ment Retard 7: 203-221, 1986.

MAGNUSON KM, CONSTANTINO JN: Characterization of depression in children with autism spectrum disorders.
J Dev Behav Pediatr 32: 332-340, 2011.

MCHENRY J, CARRIER N, HULL E, KABBAJ M: Sex differences in anxiety and depression: role of testosterone.
Front Neuroendocrinol 35: 42-57, 2014.

MONTOYA ER, TERBURG D, BOS PA, vAN HONK J: Testosterone, cortisol, and serotonin as key regulators of
social aggression: a review and theoretical perspective. Motiv Emot 36: 65-73, 2012.

MURPHY O, HEALY O, LEADER G: Risk factors for challenging behaviors among 157 children with autism
spectrum disorder in Ireland. Res Autism Spectr Disord 3: 474-482, 2009.

PARIZEK A, MIKESOVA M, JIRAK R, HILL M, KOUCKY M, PASKOVA A, VELIKOVA M, ADAMCOVA K,
SRAMKOVA M, JANDIKOVA H, DUSKOVA M, STARKA L: Steroid hormones in the development of
postpartum depression. Physiol Res 63 (Suppl 2): S277-S282, 2014.

PIVOVARCIOVA A, HNILICOVA S, TOMOVA A, OSTATNIKOVA D, MACE FC: Testosterone and explosive
aggression in children with autism spectrum disorders. Eur Neuropsychopharmacol 24 (Suppl 2): S712-S713,
2014.

ROMERO-MARTINEZ A, POLDERMAN TJ, GONZALEZ-BONO E, MOYA-ALBIOL L: Masculinization in parents
of offspring with autism spectrum disorders could be involved in comorbid ADHD symptoms. J Atten Disord
2013, in press.

SIMONOFF E, PICKLES A, CHARMAN T, CHANDLER S, LOUCAS T, BAIRD G: Psychiatric disorders in children
with autism spectrum disorders: prevalence, comorbidity, and associated factors in a population-derived
sample. J Am Acad Child Adolesc Psychiatry 47: 921-929, 2008.

SPERLING MA: Pediatric Endocrinology, Third Ed. SPERLING MA (ed), Elsevier Health Sciences, Philadelphia,
2008.

TONHAJZEROVA I, ONDREJKA I, FARSKY I, VISNOVCOVA Z, MESTANIK M, JAVORKA M, JURKO A Jr,
CALKOVSKA A: Attention deficit/hyperactivity disorder (ADHD) is associated with altered heart rate
asymmetry. Physiol Res 63 (Suppl 4): S509-S519, 2014.

TORDJMAN S, FERRARI P, SULMONT V, DUYME M, ROUBERTOUX P: Androgenic activity in autism. Am J
Psychiatry 154: 1626-1627, 1997.

VERMEERSCH H, T'SJOEN G, KAUFMAN JM, VAN HOUTTE M: ESRI1 polymorphisms, daily hassles, anger
expression, and depressive symptoms in adolescent boys and girls. Horm Behav 63: 447-453,2013.

VICKERSTAFF S, HERIOT S, WONG M, LOPES A, DOSSETOR D: Intellectual ability, self-perceived social
competence, and depressive symptomatology in children with high-functioning autistic spectrum disorders.
J Autism Dev Disord 37: 1647-1664, 2007.





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



