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AUTISM SPECTRUM DISORDER NEW RESEARCH CONCEPTS OF ETIOLOGY
MILICA PEJOVIĆ-MILOVANČEVIĆ1,2
Autism spectrum disorders are a group of disorders with increasing prevalence.
The main clinical manifestation of this group of disorders are persistent deficits in social
communication and interaction, and restricted, repetitive patterns of behavior, interests
and activities. The etiology of this group of disorders is still unknown, although a large
number of studies is oriented toward discovering it’s causes. The studies are multidimensional and explore different aspects of autism - genetic factors, brain morphology, somatic
disorders in children with autism, as well as the influence of pre and perinatal factors on the
risk of autism spectrum disorders. All of these studies might lead to the finding of an early
and practical biomarker which might make early detection possible. Until then, it is very
important to point out to the early clinical signs of autism, which might improve the overall
outcome of this disorder. In this paper, we summarize the clinical manifestations of autism
spectrum disorders, the findings of studies covering different aspects of etiology, and also
emphasize the early warning signs of autism, as well as the important role pediatricians
might have in early detection of this group of developmental disorders.
Descriptors: AUTISM SPECTRUM, ETIOLOGY, CHILDREN

Abbreviations:
ASD - Autism spectrum disorders; DSM V - Diagnostic and Statistical Manuel of Mental Disorders;
RDoC - Research Domain Criteria; ADHD - Attention-deficit/hyperactivity disorder

Autism spectrum disorders (ASD)
is a group of developmental disorders with
increasing prevalence worldwide, and yet it
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has unclear etiology. The Center for Disease Control and Prevention released data on
the prevalence of autism in the United States in 2014. This surveillance study identified 1 in 68 children (1 in 42 boys and 1 in
189 girls) as having ASD (1). A new report
shows that a three-fold increase in autism
among special education students between
2000 and 2010 is partly offset by a decrease
in diagnoses for intellectual disability (2).
According to the Diagnostic and
Statistical Manuel of Mental Disorders,
Fifth edition (DSMV classification), edited
by American Psychiatric Association, two
main diagnostic criteria of ASD are: persistent deficits in social communication and
social interaction across multiple contexts
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and restricted, repetitive patterns of behavior, interests, or activities - stereotyped
or repetitive motor movements, use of
objects, or speech (3). Symptoms must be
present in the early developmental period,
and cause clinically significant impairment
in social, occupational, or other important
areas of current functioning.
Children diagnosed with ASD have
impairment in social approach, normal
back-and-forth conversation, reduced sharing of interests, emotions, or affect; they
present with failure to initiate or respond
to social interactions; they also have deficits in nonverbal communicative behaviors
used for social interaction (poorly integrated verbal and nonverbal communication;
abnormalities in eye contact and body language; deficits in understanding and use
of gestures; lack of facial expressions and
nonverbal communication), deficits in developing, maintaining, and understanding
relationships (difficulties adjusting behavior to suit various social contexts, in sharing imaginative play or in making friends,
absence of interest in peers) (3).
Repetitive and restricted patterns of
behavior, interests, or activities can be manifested through stereotyped or repetitive
motor movements, use of objects, or speech
(e.g., simple motor stereotypies, lining up
toys or flipping objects, speech with echolalia, idiosyncratic phrases). Children with
ASD insist on sameness and routines, manifest ritualized patterns or verbal/nonverbal behavior - for example they might show
extreme distress at small changes and transitions, rigid thinking patterns, they need
to take the same route or eat the same food
every day. They might have highly fixated interests, abnormal in intensity or the
object of attention - e.g, they might show
strong attachment to or preoccupation with
unusual objects, excessively circumscribed
or perseverative interest, hyper- or hyporeactivity to sensory input or unusual interests in sensory aspects of the environment
152

(e.g., apparent indifference to pain/temperature, adverse response to specific sounds
or textures, excessive smelling or touching
of objects, visual fascination with lights or
movement). In order to make the diagnosis
of an ASD, these disturbances should not
be better explained by intellectual disability (intellectual developmental disorder)
or global developmental delay (3).
Scientist and clinicians around the
globe believe that this disorder might one
day be easily and early detected by pediatricians, enabling them to refer infants for
early treatment, and leading to better longterm outcomes.
New approach in psychiatry is the
approach of Research Domain Criteria
(RdoC). The goal of RdoC is to use research to define dimensions defined by neurobiology and behavioral measures, which
could possibly cut through current diagnostic categories. This means that the new direction is using neuroimaging, genetic and
cognitive science to create future diagnostic schemes (4).
New findings are aimed towards
the discovery of an early, clinically practical, and accurate biomarker that would
be applicable for the early risk-of-autism
detection and referral (5). The findings of
a common set of dysregulated pathways
raises the possibility that, despite etiological heterogeneity, autism may result
from disruption of common developmental
pathways in a large percentage of individuals (6). Genetic and non-genetic factors
underlying autism must affect multiple regions, tissue types.
“When does autism start?” is one
of the most profound questions we face in
our field. At present, autism can’t be reliably diagnosed until about 2 years of age.
However, parents often notice symptoms
before then. In fact, analysis of videotapes
of children’s first-birthday parties shows
that signs of autism are already present at
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that age for many children, even in the cases where parents don’t become concerned
until months or years later.
However, it is possible that autism
starts even earlier; in most medical conditions, the underlying processes are triggered
before their signs and symptoms become
obvious. A similar chain of events occurs
in autism. We know that toxic exposures
during pregnancy and complications associated with delivery can disrupt brain processes before birth and shortly afterwards
(7). Mutations in the genes associated with
autism can affect the brain development
and functioning, starting well before birth.
Even though the outward symptoms of autism may not be apparent immediately after birth, the underlying brain differences
are accumulating. Sometimes the brain can
compensate to make up for the disrupted
processes. Eventually though, if the disruption was sufficiently severe, the compensatory processes are no longer enough,
and symptoms emerge. This may likewise
explain many cases of autistic regression,
in which a young child seems to be developing normally, only to lose abilities, or
regress, into autism. Perhaps the initial
disruption in brain development continued
worsening. Or perhaps the compensatory
processes couldn’t keep up.
Genetics of autism new research
Autism is considered to be largely
a genetic disorder, so finding the genes involved in autism is a logical first step to understanding the complex biology of autism
(5). The discovery of autism risk genes and
risk regions serves as a foundation for understanding the neurobiology of autism (8,
9). By considering when, where, and how
these genes interact, we can focus on the
developmental time period, brain region,
and cell type that is disrupted in autism.
The results of the largest-ever genetic study of neurodevelopmental and

psychiatric disorders revealed strong
commonalities between autism and
attention-deficit/hyperactivity
disorder
(ADHD), bipolar disorder, depression
and schizophrenia (10). The shared genes
included two that balance calcium levels in
brain cells, suggesting a common direction
for the development of new treatments (11).
Using a systems-biology approach,
Dr. Courchesne’s team aimed to find a genomic signature from leukocytes that classified with good accuracy two independent cohorts of infants and toddlers with
autism spectrum disorder (ASD) (12, 13).
They chose to focus on boys to reduce genomic heterogeneity that would accompany
a mixed-sex design. Despite the clinical
and genetic heterogeneity of autism, a blood-based screen for risk for autism in the
general pediatric population may be feasible since it could accurately identify a substantial percentage of autism individuals
at early ages; the biosignature utilized the
expression patterns from a large number
of genes, which indicated the underlying
genetic and non-genetic complexity of
the disorder. More than 2,700 unique genes have been identified, differentially
expressed between the ASD and control
populations, with top enrichment in apoptosis, immune/inflammation response and
translation networks (12-14). The classification analysis, which used four modules
that contained 762 unique genes, provided
83% accuracy for classifying infants and
toddlers in the training set and 75% classification accuracy in the independent test
set (15). This kind of study is a great first
step, but needs to be pursued more along
one of the two ways - either to demonstrate that blood samples can be used to help
making the diagnosis of autism, or to e go
more deeply and conclusively into mechanisms that may be reflected in the cells of
the immune system
Autismspeaks is the largest nonprofit organization in the world to support
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autism awareness and research, with the
mission to alter the future for all who struggle with ASD. This historic collaboration between Autism Speaks and Google
is queueing up 10,000 anonymous autism
genomes and making the data freely available for research anywhere, anytime. They
have started the MSSNG Project; MSSNG
is the search for the missing “10K Autism
Genomes Program” which demonstrated
the usefulness of the whole genome sequencing for providing unprecedented guidance for the diagnosis and personalized
treatment for autism and its associated
medical conditions. By studying identical twins who differ in autism diagnosis
or symptom severity, recent studies have
found important evidence showing how
environmental influences may contribute
to - or protect against - autism (16). Studies
reported several discoveries that linked autism to disruptions in very long genes and
the enzymes that control them. The researchers have launched a search for chemicals
that prevent these important enzymes (topoisomerases) from performing their role
(17). Their discovery may also help explain
why autism risk is higher among the children of older parents.
In 2013, two research teams separately reported studies that help determine
specific periods in brain development in
which genetic mutations can converge into
increased risk for autism (18). Their research uncovered surprising commonalities
- showing, for example, that many autismlinked genes affect key areas in the same
small handful of brain pathways. These
findings suggest important new targets for
future treatments (18, 19).
Researchers linked a specific gene
mutation to a newly identified subtype of
autism. In one study with more than six
thousand individuals with ASD, the researchers found 15 of them who had a mutation in the CHD8 gene; all of them looked
similar, with broad foreheads and wide-set
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eyes; they have a history of gastrointestinal
problems (severe constipation) and disturbed sleep. Experts hailed the finding as a
crucial step toward using genomic testing
to develop individualized treatments for
autism spectrum disorder (20).
It has been shown that children with
a genetic deletion previously linked to autism and other neurodevelopmental disorders manifest significant delays in processing sound and language (21). A deletion
of a region on chromosome 16 (16p11.2)
was linked to a “stunningly high” auditory
processing delay known as the M100 response latency (22). This study shows an
important connection between genes and
neurophysiology, and it may also help to
bridge a largely unexplored gap between
genetics and behavior (23).
The largest genetic study of autism
spectrum disorder (ASD) to date has identified 65 genes that contribute to autism,
including 28 for which there is “very high
confidence” that they play a role in the risk
of developing ASD, a multicenter US research team reports (11). Twenty-seven
of these genes are new discoveries, first
author Stephan Sanders, PhD, of the University of California, San Francisco, told
Medscape Medical News. The study also
confirms that there are six larger regions of
the genome that are prone to de novo copy
number variants (dnCNVs) that contribute
to autism risk. The study also hints that
small deletion dnCNVs often have a single
critical gene (11).
Eye tracking as a biomarker
Researchers have used eye tracking measurements to discover a subtle
but consistent decline in eye contact that
begins around 2 months of age in babies
who develop autism (24). If confirmed, this
finding would be the earliest biomarker of
autism. It may also represent an opportunity for very early interventions that
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could improve the course of brain development, learning and social engagement.
It has been shown that babies who begin
showing decreased interest in facial expressions at 8 months go on to develop more-severe autism symptoms by age 3. The
authors expressed hope that this is an early
warning signal and an important window
of opportunity for early intervention that
improves outcome. Another “Baby Sibs”
study found that even earlier differences
in social attention - this time at 6 months
- point out to high risk for autism (25). The
researchers called for the development and
testing of very early interventions that engage at-risk babies in enjoyable activities
that involve shared attention.
Nutritional factors
In 2013, the results of a large study
showed that autism rates are lower among
the children of women who take folic acid
supplements in the weeks before and after
conception. The findings suggest a safe
and practical step women can take to reduce autism risk. However, the benefit may
turn out to be restricted to women with
propensities to low folic acid levels (26).
Researchers using a well-known
mouse model of autism found that a probiotic known to relieve gut inflammation also
improved social behavior while reducing
repetitive behaviors and signs of anxiety.
The study added support to the idea that
intestinal inflammation can worsen or even
cause autism symptoms in humans, and
opened the door to clinical trials that will
administer the probiotic to children with
autism and GI symptoms (27).
In a small placebo-controlled trial,
sulforaphane supplements eased autism
symptoms in nearly half of 29 participants
affected by autism. Experts called the results “promising” but cautioned that larger
studies were needed to determine effectiveness and safety (28).

Gastrointestinal
symptoms
The results of a large study on a diverse group of children with autism confirmed that they experience high rates of
gastrointestinal symptoms. The study went
further to associate GI distress with moresevere autism symptoms including social
withdrawal and irritability. These findings
encourage physicians to look for and treat
GI symptoms in children with autism. The
first meta-analysis of all peer-reviewed research on autism and gastrointestinal conditions showed that children with autism
have four times the rate of GI problems as
do other children. At the forefront of this
research, further research will need to investigate gut-brain connection in autism
(29).
Brain morphology and
ASD
Researchers analyzing donated
postmortem tissue from children affected
by autism found that their brains had a significantly increased density of connections between brain cells (30). These excess
synapses appeared to be the consequence
of slowing of the normal pruning process,
which occurs during brain development.
The investigators then used a mouse model
of autism to show that they could restore
normal synaptic pruning and reduce autism-like behaviors with an experimental
medication. They called for further research that might advance to a clinical trial
involving people with autism (30).
In a review of published studies, Princeton researchers said they found
strong evidence that injury to the cerebellum during pregnancy or birth may be
the leading nongenetic cause of autism
(31). During brain development, it plays
a crucial role in directing cross wiring to
other brain regions.
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Magnetic resonance imaging (MRI)
shows sex differences in corpus callosum
neuroanatomy in preschoolers with autism
spectrum disorder (ASD) (32). The study
adds to a growing body of evidence that
there are differences between boys and
girls with autism, and these differences
may affect how boys and girls are diagnosed with autism, as well as potentially the
types of treatments or interventions that
boys and girls with autism receive (33).
Altered connectivity in the developing brain may underlie neuropsychiatric
disorders and motor impairment associated
with preterm birth (34). One study shows
that babies born prematurely have weaker structural and functional connections
between brain regions linked to attention,
communication, and emotional processing;
this might help explain their increased risk
for disorders, such as attention-deficit/
hyperactivity disorder (ADHD) and ASD
(34).
The other study suggests that motor impairments associated with preterm
birth may result from altered brain connectivity detectable before birth. The brain’s
structural and functional architecture is
exquisitely sensitive to conditions before
birth and how alterations to brain circuitry
can set the scene for future neurologic impairment long before it arises (35).
Vaccines and ASD
A meta-analysis of ten studies involving more than 1.2 million children affirmed that vaccines don’t cause autism. The
analysis found that immunization with the
measles-mumps-rubella (MMR) vaccine
was associated with a slight decrease in
risk. Also, a recent study showed that MMR
vaccine was not associated with increased
risk for autism, even among children at high
risk for developing an autistic spectrum disorder (36).
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Intrauterine and perinatal
factors
Fetal exposure to preeclampsia, and
in particular, severe disease, may raise the
risk for ASD and developmental delay,
a large population-based study suggests.
Results from the Northern California-based Childhood Autism Risks from Genetics and the Environment (CHARGE)
study show that exposure to preeclampsia
in utero was associated with a greaterthan-twofold increased risk for ASD and
a greater-than-fivefold increased risk for
developmental delay, compared with no
exposure. Preeclampsia is more common
in women who are obese or who have diabetes or chronic hypertension (37).
Older maternal age, being first
born, high maternal education, low household income, history of comorbidity,
preeclampsia/eclampsia, early delivery,
and being male were significantly associated with increased risk for ASD (7). The
risk of having a child with ASD was not
significantly greater for mothers who had
preexisting diabetes or for the overall group of mothers with gestational diabetes
compared with the mothers without diabetes, after adjustment for relevant confounders (38).
In a large observational study, pregnant women with gestational diabetes that
was diagnosed up to week 26 of the pregnancy had a greater risk of having a child
with autism spectrum disorder (ASD) than
pregnant women without, independent of
other confounders. However, women with
gestational diabetes that was diagnosed
after week 26 and those with known prepregnancy type 2 diabetes had the same
risk of having a child with ASD as women
without diabetes (39).
When it comes to prematurity, the
studies have used different number of gestational weeks. Prematurity of less than
26 gestational weeks has been proven
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to be a significant risk factor for autism
spectrum disorders (OR=6.7), while prematurity of less than 37 weeks doubles the
risk for this group of disorders (OR=2.11)
(7, 40). The increased risk for development
of autism spectrum disorders was also proven for asphyxia at birth, as well as low
birth weight, low Apgar score, respiratory
distress syndrome, hyperbilirubinaemia,
encephalopaty at birth, and neonatal/congenital infections (40, 41).
Parental age
Initially, in epidemiologic studies, it
was shown that paternal age had an effect
on autism risk. This was later verified in biological studies. Mechanism for the effect
of paternal age on the risk for ASD could
be explained through de novo mutations,
when new sperms are created in aging
fathers. Paternal age was the strongest risk
factor, and maternal age was set aside, but
now it is shown that there is an effect from
both, independently of each other. Findings from the largest-ever study of parental
age and autism risk revealed a complex
relationship between parental age and autism risk. The researchers discovered that
for both mothers and fathers, the risk for
autism in their children increases with age.
Both relatively advanced age and relatively
young age of mothers has been associated
with an increased autism risk, as well as
a combined effect from both parents (42).
These findings suggest that there may be
several mechanisms of influence of the
paternal and maternal age, independently.
DNA methylation in paternal sperm may
contribute to the risk of children’s developing autism, a finding that sheds new light
on the etiology of this complex disorder
(43).
Another question that often comes
up is whether the link between parental age
and autism risk is greater for the mother or
for the father. The current results suggest
that the risks are comparable for the sexes.

When it comes to mothers having the same
age as the father, it seems like the risk is
very similar, so a large part of the risk
difference may come from the fact that
fathers can reproduce at older ages compared to the mothers. Moreover, the risk is
even greater when both parents are older
and when either the mother or the father
is at least 10 years younger than the other
parent. These results suggest that multiple
mechanisms are contributing to the association between parental age and ASD risk
(42).
Children conceived with assisted reproductive technology (ART) are twice as
likely to receive a diagnosis of autism compared with their counterparts who are conceived naturally, new research shows (44).
They found that this increased risk was
largely due to complications of pregnancy
and birth, especially when such pregnancies were associated with multiple births.
The risk of ART with respect to autism
appears to be largely modifiable by restricting the procedure to single-embryo transfer. Knowing that one can largely reduce
the risk of autism from an ART conception
by restricting the procedure to single-egg
transfer is important for women, who can
then make better informed decisions (44).
Investigators found almost 200 regions of methylated DNA in the fathers of
children at increased risk of developing autism that were significantly associated with
performance on a scale assessing autism
spectrum disorder (ASD) symptoms at 12
months (43).
Conclusion
Autism is a complex developmental
disorder largely influenced by genetic factors, but the development of the disorder
itself is also influenced by a large number
of parental, intrauterine and perinatal factors, which might ‘’trigger’’ the disorder
in a genetically predisposed infant. By
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taking all of these facts into account, the
role of pediatricians, and especially neonatologists might be very important, in terms
of early detection of these disorders. The
lack of eye gaze, or even minimal signs of
slower psychomotor development in a child
who is at risk, could be valuable signs for
early detection and early intervention.
A solution for better understanding
of the cause of ASD is a global autism public health initiative. Enhancing awareness
and understanding of autism, building capacity for research and service excellence
and improving the quality of life for individuals with ASD and their families by disseminating best practices is essential for the
future facing with increasing problem. We
need to collaborate and learn from global
partnerships and learn from one another.
NOVČANA POTPORA/FUNDING
Nema/None
ETIČKO ODOBRENJE/ETHICAL APPROVAL
Nije potrebno/None
SUKOB INTERESA/CONFLICT OF INTEREST
Autori su popunili the Unified Competing Interest
form na www.icmje.org/coi_disclosure.pdf (dostupno na zahtjev) obrazac i izjavljuju: nemaju potporu niti jedne organizacije za objavljeni rad; nemaju
financijsku potporu niti jedne organizacije koja bi
mogla imati interes za objavu ovog rada u posljednje 3 godine; nemaju drugih veza ili aktivnosti koje
bi mogle utjecati na objavljeni rad./All authors have
completed the Unified Competing Interest form at
www.icmje.org/coi_disclosure.pdf (available on
request from the corresponding author) and declare:
no support from any organization for the submitted
work; no financial relationships with any organizations that might have an interest in the submitted
work in the previous 3 years; no other relationships
or activities that could appear to have influenced the
submitted work.
LITERATURE
1. National Health Statistic Report. Estimated Prevalence of Autisam and Other Developmental Disabilities Following Questionarrie Changes in the
2014 National Health Interview Survey. Number
87, 13 November, 2015.
2. Polyak A, Kubina RM, Girirajan S. Comorbidity
of intellectual disability confounds ascertainment

158

of autism: implications for genetic diagnosis. Am
J Med Genet B Neuropsychiatr Genet 2015; 168
(7): 600-8.
3. American Psychiatric Association. Diagnostic
and statistical manual of mental disorders. 5th ed.
Washington DC; 2013.
4. Cuthbert BN. The RDoC framework: facilitating transition from ICD/DSM to dimensional approaches that integrate neuroscience and
psychopathology. World Psychiatry 2014; 13 (1):
28-35.
5. O’Nions E, Tick B, Rijsdijk F et al. Examining
the Genetic and Environmental Associations
between Autistic Social and Communication
Deficits and Psychopathic Callous-Unemotional
Traits. PLoS One 2015; 10 (9): 0134331.
6. Tick B, Colvert E, McEwen F et al. Autism
Spectrum Disorders and Other Mental Health
Problems: Exploring Etiological Overlaps and
Phenotypic Causal Associations. J Am Acad
Child Adolesc Psychiatry 2016; 55 (2): 106-13.
7. Larsson HJ, Eaton WW, Madsen KM et al. Risk
factors for autism: perinatal factors, parental
psychiatric history, and socioeconomic status.
Am J Epidemiol 2005; 161 (10): 916-25.
8. Yuen RK, Thiruvahindrapuram B, Merico D et
al. Whole-genome sequencing of quartet families
with autism spectrum disorder. Nat Med 2015; 21
(2): 185-91.
9. Iossifov I, Levy D, Allen J et al. Low load for disruptive mutations in autism genes and their biased transmission. Proc Natl Acad Sci 2015; 112
(41): 5600-7.
10. Cross-Disorder Group of the Psychiatric Genomics Consortium. Identification of risk loci with
shared effects on five major psychiatric disorders:
a genome-wide analysis. Lancet 2013; 381 (9875):
1371-9.
11. Sanders SJ, He X, Willsey AJ et al. Insights into
Autism Spectrum Disorder Genomic Architecture and Biology from 71 Risk Loci. Neuron 2015;
87 (6): 1215-33.
12. Pramparo T, Lombardo MV, Campbell K et al.
Cell cycle networks link gene expression dysregulation, mutation, and brain maldevelopment in
autistic toddlers. Mol Syst Biol 2015; 11 (12): 841.
13. Solso S, Xu R, Proudfoot J et al. Diffusion Tensor Imaging Provides Evidence of Possible Axonal Overconnectivity in Frontal Lobes in Autism
Spectrum Disorder Toddlers. Biol Psychiatry
2015. pii: S0006-3223(15)00569-7.

Zbornik radova za medicinske sestre

M. Pejović-Milovančević: Etiology autism spectrum disorder
14. Lombardo MV, Pierce K, Eyler LT et al. Different
functional neural substrates for good and poor
language outcome in autism. Neuron 2015; 86 (2):
567-77.

tion Initiation With and Without Positive Affect:
Risk Group Differences and Associations with
ASD Symptoms. J Autism Dev Disord 2014; 44
(6): 1414-24.

15. Pramparo T, Pierce K, Lombardo MV et al. Prediction of autism by translation and immune/inflammation coexpressed genes in toddlers from
pediatric community practices. JAMA Psychiatry 2015; 72 (4): 386-94.

26. Surén P, Roth C, Bresnahan M, Haugen M et al.
Association Between Maternal Use of Folic Acid
Supplements and Risk of Autism Spectrum Disorders in Children. JAMA 2013; 309 (6): 570-7.

16. Tick B, Bolton P, Happé F, Rutter M, Rijsdijk
F. Heritability of autism spectrum disorders: a
meta-analysis of twin studies. J Child Psychol
Psychiatry (Epub ahead of print), 2015; doi:
10.1111/jcpp.12499.
17. Colvert E, Tick B, McEwen F et al. Heritability of
Autism Spectrum Disorder in a UK PopulationBased Twin Sample. JAMA Psychiatry 2015; 72
(5): 415-23.
18. Bacon EC, Dufek S, Schreibman L, Stahmer AC,
Pierce K, Courchesne E. Measuring outcome in
an early intervention program for toddlers with
autism spectrum disorder: use of a curriculumbased assessment. Autism Res Treat 2014; 2014:
964704. doi: 10.1155/2014/964704. Epub 2014
Mar 10.
19. Ulahannan N, Greally JM. Genome-wide assays
that identify and quantify modified cytosines in
human disease studies. Epigenetics Chromatin
2015; 8: 5.
20. Berko ER, Greally JM. How might epigenetic
dysregulation in early embryonic life contribute
to autism spectrum disorder? Epigenomics 2015;
7 (1): 1-4.
21. Burnside RD, Pasion R, Mikhail FM et al. Microdeletion/microduplication of proximal 15q11.2
between BP1 and BP2: a susceptibility region for
neurological dysfunction including developmental and language delay. Hum Genet 2011; 130 (4):
517-28.
22. Qureshi AY, Mueller S, Snyder AZ, Mukherjee P
et al. Opposing brain differences in 16p11.2 deletion and duplication carriers. J Neurosci 2014; 34
(34): 11199-211.
23. Jenkins J, Chow V, Blaskey L et al. Auditory
Evoked M100 Response Latency is Delayed in
Children with 16p11.2 Deletion but not 16p11.2
Duplication. (Epub ahead of print). Cereb Cortex
2015; 008.
24. Jones W, Klin A. Attention to eyes is present but
in decline in 2-6-month-old infants later diagnosed with autism. Nature 2013; 504 (7480): 427-31.
25. Gangi DN, Ibañez LV, Messinger DS. Joint Atten-

27. Hsiao EY, McBride SW, Hsien S et al. Microbiota
modulate behavioral and physiological abnormalities associated with neurodevelopmental disorders. Cell 2013; 155 (7): 1451-63.
28. Singh K, Connors SL, Macklin EA et al. Sulforaphane treatment of autism spectrum disorder
(ASD). Proc Natl Acad Sci USA 2014; 111 (43):
15550-5.
29. Coury DL, Ashwood P, Fasano A et al. Gastrointestinal Conditions in Children With Autism
Spectrum Disorder: Developing a Research
Agenda. Pediatrics 2012; 130 (2): 160-8.
30. Tang G, Gudsnuk K, Kuo SH et al. Loss of
mTOR-Dependent Macroautophagy Causes Autistic-like Synaptic Pruning Deficits. Neuron 2014;
83 (5): 1131-43.
31. Wang SS, Kloth AD, Badura A. The Cerebellum,
Sensitive Periods, and Autism. Neuron 2014; 83
(3): 518-32.
32. Nordahl CW, Iosif A, Young GS et al. Sex differences in the corpus callosum in preschool-aged
children with autism spectrum disorder. Molecular Autism 2015; 6: 26.
33. Mandic-Maravic V, Pejovic-Milovancevic M,
Mitkovic-Voncina M et al. Sex differences in autism spectrum disorders: does sex moderate the
pathway from clinical symptoms to adaptive behavior? Sci Rep 2015; 5: 10418.
34. Brooks M. Premature Babies Have Weaker Brain
Connectivity. http://www.medscape.com/viewarticle/852888.
35. Giedd JN, Raznahan A, Alexander-Bloch A,
Schmitt E, Gogtay N, Rapoport JL. Child
psychiatry branch of the National Institute of
Mental Health longitudinal structural magnetic
resonance imaging study of human brain development. Neuropsychopharmacology 2015; 40
(1): 43-9.
36. Jain A, Marshall J, Buikema A, Bancroft T, Kelly
JP, Newschaffer CJ. Autism occurrence by MMR
vaccine status among US children with older siblings with and without autism. JAMA 2015; 313
(15): 1534-40.
37. Walker CK, Ashwood P, Hertz-Picciotto I. Preeclampsia, placental insufficiency, autism, and an-

Zbornik radova za medicinske sestre

159

M. Pejović-Milovančević: Etiology autism spectrum disorder
tiphospholipid antibodies-reply. JAMA Pediatr
2015; 169 (6): 606-7.
38. Ornoy A, Reece EA, Pavlinkova G, Kappen C,
Miller RK. Effect of maternal diabetes on the embryo, fetus, and children: congenital anomalies,
genetic and epigenetic changes and developmental outcomes. Birth Defects Res C Embryo Today
2015; 105 (1): 53-72.

41. Guinchat V, Thorsen P, Laurent C, Cans C, Bodeau N, Cohen D. Pre-, peri- and neonatal risk factors for autism. Acta Obstet Gynecol Scand 2012;
91 (3): 287-300.
42. Sandin S, Schendel D, Magnusson P et al. Autism
risk associated with parental age and with increasing difference in age between the parents. Mol
Psychiatry 2015. doi: 10.1038/mp.2015.70.

39. Li M, Fallin MD, Riley A, Landa R et al. The
Association of Maternal Obesity and Diabetes
With Autism and Other Developmental Disabilities. Pediatrics 2016; 137 (2): 1-10.

43. Feinberg JI, Bakulski KM, Jaffe A et al. Paternal
sperm DNA methylation associated with early signs of autism risk in an autism-enriched cohort.
Int J Epidemiol 2015. doi: 10.1093/ije/dyv0208.

40. Mamidala MP, Polinedi A, Rajesh N et al. Prenatal, perinatal and neonatal risk factors of Autism
Spectrum Disorder: a comprehensive epidemiological assessment from India. Res Dev Disabil
2013; 34 (9): 3004-13.

44. Schieve LA, Fountain C, Boulet SL et al. Does
Autism Diagnosis Age or Symptom Severity
Differ Among Children According to Whether
Assisted Reproductive Technology was Used to
Achieve Pregnancy? J Autism Dev Disord 2015;
45 (9): 2991-3003.

Sažetak
POREMEĆAJI AUTISTIČNOG SPEKTRA - NOVA ISTRAŽIVANJA ETIOLOŠKIH KONCEPATA
M. Pejović-Milovančević

Poremećaji autističnog spektra su skupina poremećaja s rastućom prevalencijom.
Glavna klinička značajka ove skupine poremećaja je postojanje deficita socijalne komunikacije i interakcije, uz ograničene repetitivne obrasce ponašanja, zanimanja i aktivnosti.
Etiologija ove skupine poremećaja je još uvijek nepoznata, iako je velik broj istraživanja
posvećen otkrivanju njihova uzroka. Istraživanja su usmjerena prema različitim aspektima
autizma - genskim čimbenicima, morfologiji mozga, somatskim poremećajima u djece s
autizmom, kao i utjecaju pre i perinatalnih čimbenika rizika u djece s autističnim spektrom
poremećaja. Ova istraživanja bi mogla dovesti do otkrića ranih biomarkera korisnih u
kliničkoj praksi, koji bi mogli dovesti do ranog otkrića poremećaja. Do tada, važno je istaknuti rane kliničke znakove autizma, čije bi prepoznavanje moglo dovesti do poboljšanja
konačnog ishoda poremećaja. U ovom članku donosimo sažetak kliničkih manifestacija
poremećaja autističnog spektra, rezultate istraživanja različitih aspekata etiologije, a ujedno i skrećemo pozornost na rane znakove autizma, uz naglasak na važnost uloge pedijatra
u ranom otkrivanju ove skupine poremećaja.
Deskriptori: AUTISTIČNI SPEKTAR, ETIOLOGIJA, DJECA
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