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ABSTRACT 
Children with autism spectrum disorders (ASD) have a high rate of irritability and aggressive symptoms which 
have signifi cant impact on their lives, families and society. The etiology of aggression in humans is likely com-
plex and includes both biological and behavioral causes. Biological approaches have focused on hormones and 
neurotransmitters that are hypothesized to contribute to the etiology and clinical manifestation of aggressive 
behavior in humans. Testosterone is a male sex hormone and some studies suggest that it can play a role in 
the complex etiology of aggressive behavior. Two specifi c subtypes of aggression have been identifi ed: explo-
sive and non-explosive. Explosive aggression is accompanied by a raged affect and is usually more dangerous 
and not immediately responsive to behavioral treatment. We propose that individuals with ASD and explosive 
aggression will have higher androgen activity and higher arousal than neurotypical children and children with 
ASD without explosive aggression. We employed a unique method for aggression assessment- functional be-
havioral analysis- to obtain objective and quantitative measures of aggression and arousal signs. In our pilot 
study, we proposed to determine bio-behavioral model of explosive aggression in children with ASD which will 
predict which children will be most responsive to antiandrogen therapy and behavioral therapy (Tab. 1, Fig. 1, 
Ref. 31). Text in PDF www.elis.sk.
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Introduction

Autism spectrum disorders (ASD) are a set of heterogeneous 
neurodevelopmental conditions, characterized by early-onset dif-
fi culties in social communication and unusually restricted, repeti-
tive behavior and interests. The worldwide population prevalence 
is about 1 % (1). Aggressive behavior is commonly reported in 
individuals with ASD and other intellectual development disabili-
ties. A recent large-scale study found that prevalence of aggression 
in children with ASD was 68 % of parents reporting and 49 % of 
non-caregivers (2). These behavior disorders often place children 
at risk of harming themselves and others and are the single most 
cited reason for costly inpatient hospitalization, long-term residen-
tial placement, and restrictive living and treatment environments. 
Moreover all these factors lead to psychological disturbances in 
families along with social and economic costs to society (3).

Clinical research, infl uenced by the work of Feshbach and 
others has frequently referred to two forms of aggression in hu-
mans (4–6). The fi rst form is called affective, reactive, defensive, 
impulsive, or hot-blooded aggression. This type of aggression 
is defi ned as a violent response to physical or verbal aggression 
initiated by others that is relatively uncontrolled and emotionally 
charged. In contrast, the second form of aggression is referred to 
as predatory, instrumental, proactive, or cold-blooded aggression. 
This type of aggression is characterized as controlled, purposeful 
aggression lacking emotions that is used to achieve a desired goal, 
including escape of aversive events, access to positive reinforcing 
events, and the domination and control of others. For purposes of 
this paper, we will use the terms explosive aggression to refer to 
aggression accompanied by high arousal and rageful affect and 
non-explosive aggression to refer to aggression in the absence of 
high arousal and rageful affect.

Aggression in humans is a function of a complex interplay 
between biological (neurochemical imbalance in the brain) and 
behavioral (operant reinforcement contingency that maintains 
the behavior) causes. Diagnosis and treatment of aggression and 
other problems of behavior in ASD should include bio-behavioral 
approaches and involve inter-professional cooperation between 
physicians/psychiatrists and psychologists. This model takes into 
consideration the multi-faceted nature of the origins of aggression 
rather than relying on one model (7, 8). 

Biological approaches have focused on hormones and neu-
rotransmitters that are hypothesized to contribute to the etiology 
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and clinical manifestation of aggressive behavior in humans. This 
research has led to specifi c pharmacotherapeutic approaches to 
address neurochemical imbalances in the brain. For example, 
dopamine blockers such as antipsychotics (e.g. risperidone) have 
been observed to be effective in treating some aspects of autism 
(9), specifi cally hyperactivity, stereotypies, aggression, and self-
injury (10). Some studies have shown that levels of dopamine 
metabolites in cerebrospinal fl uid (11) are signifi cantly elevated 
in individuals with autism. Risperidone blocks dopamine recep-
tors in some areas of the brain (12) and may result in decreased 
dopamine effect which may lead to decreased aggression in indi-
viduals with autism. The literature also suggests that testosterone 
may be involved in the etiology of aggression in humans as another 
contributing biological factor. Testosterone is a male sex hormone, 
but in fact, it regulates sexual arousal and many other processes in 
both genders (13). Several studies have examined the relationship 
between salivary/plasmatic testosterone levels and aggression in 
various populations with mixed results. Some of them describe no 
clear relationship between the plasma/salivary testosterone levels 
and aggressive behavior in populations of pre-pubertal children 
(14), in male undergraduates (15) and in healthy male adults (16). 
However, there are studies showing strong positive correlations 
between testosterone (and testosterone precursor) levels in plasma/
saliva and aggression (e.g., in populations of male children with 
conduct disorders, male/female adolescents and adults, and male 
prisoners (17–23). 

There are several studies investigating the relationship between 
testosterone and symptoms of ASD. However, we have found 
only one study showing an association between testosterone and 
aggression in these individuals. Tordjman et al. 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 ex-
hibited aggression against others had higher testosterone levels 
than any of the comparison subjects. However, the other autistic 
patients showed normal adrenal androgen levels (24). 

We conducted a preliminary test of bio-behavioral model of 
explosive aggression in children with ASD. Our primary hypoth-
esis was that individuals with ASD and explosive aggression will 
have higher androgen activity and higher arousal than neurotypical 
children and children with ASD without explosive aggression. We 
used a unique method for aggression assessment- functional be-
havioral analysis to obtain objective, quantitative measures of ag-
gressive behavior that are refl ective of explosive and non-explosive 
aggression. The case studies presented here replicate the essential 
fi ndings from Tordjman et al. that suggest testosterone may play 
explosive role in aggression in ASD patients (24). 

Methods

Participants
Participants were three pre-pubertal male patients from Slova-

kia with aggressive behavior, tantrum-like behaviors, noncompli-

ance, fl opping, and disrobing/wetting. The parent of one patients 
reported that behavior problems were accompanied by rageful 
affect (see Tordjman et al.’s reference to explosive aggression) 
(24).The study inclusion criteria were defi ned according to the 
ICD 10 F84.1 Child autism reported by parents or care givers. 
Exclusion criteria were comorbid psychiatric diagnoses and en-
docrine diseases. 

Peter (5 year-old boy) engaged in: (a) Type 1 Aggression (ag-
gression without rage) – open hand hits and kicking. This type of 
aggression also occurred with a sad affect and crying; (b) Type 2 
Aggression (aggression with rage) – open hand hits with his hands, 
kicking, head butts, and bites that break the skin. This type of ag-
gression was of high intensity, explosive and co-occurred with a 
raged affect; and (c) Tantrums–screams, loud cries, and throwing 
objects and property destruction. His tantrums co-occurred with 
aggressive behavior and an angry/rageful affect. Marek (3 year-
old) engaged in (a) Type 1 Aggression – open hand hits with one 
or two hands, and (b) Tantrums–crying, falling to the fl oor, kick-
ing objects, loud cries, and whining. Tantrums co-occurred with 
aggressive behavior, and throwing objects and property destruc-
tion. Andrej (8 year-old) who engaged in (a) Type 1 Aggression 
(aggression without rage) – open hand hits with both hands, bit-
ing, pinching, and hair pulling. Biting often broke the skin; and (b) 
Tantrums – whining, loud vocalizations, and disruptive behavior. 
All participants had mild cognitive delays, spoke using one to four 
words and lived with their parents.

The control group consisted of 9 typically developing pre-pu-
bertal male participants from the pediatric unit of Children’s fac-
ulty hospital in Bratislava, Slovakia, matched by gender and age.

Aggression assessment
All three ASD patients received a behavioral mental health 

assessment using three methodologies: (a) Structured functional 
assessment interview with parents. This interview solicits infor-
mation about a wide range of problem behaviors and concentrates 
the discussion on the environmental events surrounding the two 
or three behaviors of greatest concern to parents (25); (b) Rein-
forcer assessment interview was conducted via telephone prior to 
the initial visit with each family (i.e., the Reinforcer Assessment 
for Individuals with Severe Disabilities (26); and (c) Parent-run 
functional analysis (see below). Indicators of high autonomic in-
volvement (explosive aggression) included raged facial expres-
sions, extreme motor agitation, and screaming observed during 
parent-run functional analyses. 

One parent of each patient conducted a parent-run functional 
analysis in the presence of the senior behavioral psychologist who 
guided the assessment procedures. Parents were trained individual-
ly to present a pre-determined set of motivating conditions to each 
child in sessions that lasted 5 to 10 min. Sessions alternated in a qua-
si-random order to provide within-subject experimental control for 
the assessment (27). All sessions were conducted with the patient, 
his mother and one or two behavior therapists in a 3 x 4 m room with 
an adjacent observation room with one-way observation window.

For the parent-run functional analysis, parents were instructed 
to introduce a single motivating condition during each session. 
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Parents responded to occurrences of problem behaviors in the way 
they would normally at home and no prescribed consequences for 
problem behavior were arranged (28, 29). Participants were indi-
vidually exposed to the following functional behavioral assessment 
conditions: (a) non-demand interaction – the patient’s mother inter-
acted with him on a nearly continuous basis, allowed access to his 
preferred activities, and placed no performance demands on him; 
(b) task demands – The patient’s mother provided both easy and 
diffi cult tasks to perform consisting of matching, sorting, simple 
counting, letter tracing and sequencing tasks while seated together 
at a table; (c) restricted access to an iPad video – the parent told 
the patient that video time was over after approximately 4 min of 
video access and removed the iPad; (d) low adult attention – the 
patient was allowed to have access to preferred activities while his 
mother either read a magazine or engaged in conversation with a 
therapist; and (e) transitions – one patient (Marek) reportedly en-
gaged in problem behaviors during transitions from one preferred 
activity to another. In this condition, Marek’s mother asked him to 
transition between two identical activities at two separate tables in 
the room after engaging in the activity for approximately 4 min. 
All assessment conditions simulated naturally occurring situations 
in the home as reported by all three patients’ parents.

Data were collected on each child’s target problem behaviors as 
operationally defi ned above. Indicators of high autonomic involve-
ment (explosive aggression) included raged facial expressions, ex-
treme motor agitation, and screaming which were observed only in 
Peter. One or two observers used a continuous count within 10-s 
interval recording procedure for Type 1 and Type 2 aggression and 
for Tantrums for Andrej. These data were then converted into a rate 
measure. Behaviors defi ned as tantrums that varied considerably 
in duration were recorded using a continuous 10-s partial-interval 
recording procedure, and converted into a percentage of 10-s in-
tervals measure. Inter-observer agreement (IOA) was calculated 
for all behaviors measured a minimum of 45 % of the sessions for 
all patients. IOA was calculated on a point-by-point or interval-
by-interval basis and averaged 93.5 % across all three patients.

Biochemical analyses
Blood drawing for testosterone was conducted in all patients 

(taken between 8:00- 10:00 am, in June/July 2013) according to 
standardized procedure and was obtained within one month of 
the behavioral mental health assessment for all ASD and control 
patients. Total testosterone levels were measured by ELISA kit. 
The ELISA kit was used according to manufacturer’s instructions 
(DRG Instruments GmbH, Marburg, Germany). The intra-assay 
coeffi cient of variation was 3.3 % and inter-assay coeffi cient 
of variation was 6.2 %.

Results

Functional Analysis Findings  
Figure 1 graphically depicts the results of the parent-run func-

tional analyses. Quantitative levels of target behaviors are repre-
sented on the y-axes across assessment conditions located along 
the x-axes. Peter engaged in the highest levels of Type 1 Aggres-

sion in the test conditions of task demands, restricted phone video 
access and low adult attention. Although levels of Type 2 Aggres-
sion were by comparison much lower, Peter engaged in high levels 
of tantrums across all assessment conditions and these tantrums 
reliably co-occurred with an angry/rageful affect that sometimes 
included aggression. Marek’s aggressive behavior was catego-
rized as Type 1 (without arousal or rage) but was only observed 
to occur once during the entire assessment. His parents did not 
describe Marek’s aggression in terms consistent with Type 2 Ag-
gression. By contrast, Marek engaged in high levels of tantrums 
(with absence of high arousal and rage) especially in the restricted 
access and transition conditions including the separate behaviors 
shown in the middle panel of Figure 1. Andrej also engaged in 

Fig. 1. Levels of problem behavior across different conditions of the 
parent-run functional analysis for Peter , Marek and Andrej.
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frequent rates of aggression and tantrum-like behaviors across 
all test conditions and nearly zero rates during the non-demand 
interaction condition which serves as a control for the other test 
conditions. The bottom panel of Figure 1 shows that Andrej was 
similarly sensitive to the diverted (mother reading a magazine) and 
divided attention (mother conversing with a therapist) conditions 
and restricted access to videos. Andrej was also more sensitive to 
diffi cult tasks than easy tasks.

Plasmatic Testosterone and Indicators of Rage/Arousal
Only one of the three children with ASD engaged in aggression 

that co-occurred with rageful affect and indicators of high arousal 
during episodes of problem behavior. Although Peter displayed 
low levels of Type 2 Aggression, they all occurred in combination 
with Tantrums that included rageful behavior. As shown in Table 1, 
Peter’s plasmatic testosterone level was 2.07 standard deviations 
above the mean of the age and gender matched control group, in-
dicating an abnormally high level of plasmatic testosterone (24).

The functional analysis results allowed us to design individual-
ized behavioral treatments for all three children that were effective. 
However, given the focus of this article, detailed treatment proto-
cols and results may be obtained from the fi rst author upon request. 

Discussion and conclusion

In our pilot study we replicated the fi ndings of Tordjman et 
al (24). We found that only one of the three children with ASD 
engaged in aggression that co-occurred with rageful affect and 
indicators of high arousal during episodes of problem behavior 
and this child´s plasmatic testosterone level was 2.07 standard 
deviations above the mean of the age and gender matched con-
trol group, indicating an abnormally high level of plasmatic tes-
tosterone. However in future research it is necessary to increase 
the sample size and to study the relationship between testoster-
one and explosive aggression in more comprehensive way, taking 
into consideration complex androgen activity (30) not only total 
testosterone plasmatic levels (e.g. sensitivity of androgen recep-
tor, activity of enzymes involved in testosterone metabolism). 
Moreover arousal associated with explosive aggression might be 
measured more exactly using heart rate variability/skin conduc-

tance measurements in probands, helping to distinguish between 
the aggression subtypes.

Children in our pilot study were ages 3 to 8. Although one child 
showed clear signs of rageful aggression and correlated tantrums, 
none of the children engaged in aggression that posed high-risk of 
injury to others. However, with older and larger children present-
ing with severe aggression accompanied by rage and high arousal, 
adjunctive anti-androgen therapy may prove especially useful.

Among the main limitations of most past studies conducted 
in order to determine the relationship between testosterone levels 
and aggression in humans are the methods of measurement of ag-
gressive symptoms. These measurements are based on subjective 
evaluation in scales/inventories completed by tested individuals 
or on rankings provided by caregivers/parents (13–22). In our pi-
lot study we used specifi c method for assessments of aggressive 
behavior- functional behavioral assessment based on principles of 
applied behavioral analysis (ABA) (31). During functional behav-
ioral analysis we were directly able to observe aggressive behav-
ior and signs of high arousal in real time helping to classify the 
possible aggression subtypes (e.g. explosive aggression).Assess-
ment of aggressive behavior based on experimental design during 
functional behavioral analysis is useful in order to obtain objec-
tive and quantitative characteristics such as function, frequency, 
intensity, and duration of aggressive episodes (27). In our future 
studies, these characteristics could be correlated with plasmatic 
testosterone levels (and other components of androgen activity) 
and thus defi ne more specifi cally the relationships between this 
hormone and behavior.

In summary, the presented pilot work introduces a bio-behav-
ioral model for the diagnosis and treatment of aggression in ASD 
patients. We implemented objective methods of measurement of 
problem behavior and we observed signs of explosivity in children 
with aggression and ASD. Our fi ndings are consistent with those 
of Tordjman (24) who found that only three of nine children with 
autism who engaged in explosive aggression had elevated levels 
of testosterone compared to their counterpart ASD patients who 
did not engage in aggression and neurotypical controls. Our study, 
although with only a single patient, showed the same results as 
Tordjman et al insofar as the only child with ASD who engaged 
in explosive aggression had abnormally high levels of testoster-
one. We believe these fi ndings are suffi ciently promising to war-
rant further pursuit of a bio-behavioral approach to the treatment 
of children with autism. In the future we would like to extend our 
study and enroll more probands, objectively measure arousal using 
heart rate variability measurement, and measure other components 
of androgen activity (activity of aromatase and 5 alpha reductase, 
androgen sensitivity etc.).
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