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Abstract. Nowadays, autism has received extensive attention from society. The
aim of this review is to summarize some common genetic and environmental
risk factors that lead to autism, as well as the following effective psychotherapy
for autism. Autism is a heterogeneous disorder with high heritability. Vitamin D
deficiency during the gestation period increases the risk of autism in children.
Meanwhile, other environmental risk factors including adverse childhood expe-
riences, family socioeconomic status, parental and maternal age, prenatal drug
uptake during pregnancy, and sleep problems (such as sleep onset delay, and
night waking) lead to an increased risk of autism or more severe autism symp-
toms. At the same time, several intervention therapies have been reported such as
neurofeedback training and speech therapy, applying zonisamide, musical thera-
pies, and dolphin-assisted therapy. These treatments can effectively relieve autism
symptoms.
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1 Introduction

After Leo Kanner first discovered and described autism in 1943, autism spectrum dis-
order has gone from a rare, unclear disorder to a well-researched, widely concerned,
heterogeneous disorder. Basically, autism spectrum disorder is a neurobiological abnor-
mality. It is a complex disability caused by a variety of genetic and environmental factors.
The diversity in the induced causes contributes to the diversity in autism features in dif-
ferent people. ASD patients usually appear repetitive behaviours and have difficulties in
communication and social interactions [1]. A spectrum disorder usually refers to mani-
festations that defer from person to person, for example, the different patients can present
different characteristics and the same patient can give different responses at different
times [2]. Autism patients have a wide range of characteristics. The main features are
repetitive behaviours, limited language skills, resistance to social interactions, and lack
of interest; other common signs like resistance to changes, difficulties in understanding
other’s emotions, avoiding hugs, and increased sensitivity to sound, texture or smell
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[3]. Those changes hinder the patients’ social ability and correct emotional expression
and perception, which lead to huge differences and inconvenience in the life of ASD
patients and their families. Thus, even though ASD is a mental, biological disorder, it
needs educational and behavioural services as intervention treatment with medication
as an adjunct.

2 Genetic

Genetic risk factors usually cause permanent, and incurable autism. People born with
autism can be relieved to some extent but hard to be cured completely.

2.1 Heritability

Autism is a highly inherited genetic disorder which is proved by sibling experiments
and twin studies. For instance, in a 2011 largest population-based twin study, scientists
concluded that the autism heritability was estimated to be 55% [4]. This figure increased
to 74–93% in a 2015 study [5]. Sibling studies reveal that 7–20% of subsequent children
are diagnosed with ASD after the elder child is diagnosed with ASD [6]. As the tech-
nology develops, more genes are found to be associated with autism, most of them are
coded for proteins involved in neural development and are important for neuron com-
munications or controlling other genes’ expression [7]. There are 400 genes found to be
strongly linked with ASD and 200 genes weekly lined, but it is still hard to ensure the
influence of each gene on ASD as the mutation that increases autism risk has not been
identified. Autism is a highly heritable disorder with diverse genetic architecture. This
is due to the difference in alleles frequencies. Dominant inheritance is the most com-
mon variant type, and the variant types include copy number variants (CNV), insertion,
deletion, duplication, and single-nucleotide variants (SNVs) [8]. Moreover, the remark-
ably distinct clinical expression of autism can be explained by the genetic variation and
differences in epigenetic influences [7].

2.2 Vitamin D

More recent research shows that Vitamin D deficiency [25(OH)D < 40 ng/ml] during
the gestation period leads to an increased risk of autism [9]. Vitamin D is an active
neurosteroid that takes part in brain development, affecting cellular differentiation, pro-
liferation, calcium signalling, synaptic plasticity, and neurotrophic and neuroprotective
actions [9]. The relation between vitamin D and autism is proved by several studies
and research, for example, in 2017, scientists investigated the association between mid-
gestational vitamin D deficiency and ASD. Based on 4334 children and their mothers
including 68 children being diagnosed with ASD, the subjects with vitamin D defi-
ciency at the mid-gestational period had a more than the twofold increased risk of ASD
compared with the control group [10]. Also, in 2018 International Society for Autism
Research, researchers pointed out that children born with low levels of vitamin D have
33% more risks than those born with normal vitamin D levels. More similar studies
reinforce the relationship between vitamin D and autism.
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3 Environmental

Autism developed due to environmental risk factors after born is usually curable, it
can be greatly relieved or completely cured by medicine and certain treatments. Those
environmental factors include:

3.1 Adverse Childhood Experiences (ACEs)

Mounting evidence proves that negative early life experiences lead to a higher chance of
developing ASD, especially the childhood experiences with families. Rigles (2016) sug-
gested that adverse childhood experiences are negatively associatedwith children’smen-
tal health [11]. Adverse childhood experiences are potentially traumatic events which
can cause long-lasting negative effects on mental health when the child grows up. The
more adversities experienced early in life, the higher the probability to develop serious
problems in mental and physical health later in life. Those Adverse Childhood Expe-
riences (ACEs) include all types of abuse, experiencing physical or emotional neglect,
experiencing the death of family members, and experiencing parent divorce after he/she
was born [12]. The massive stress and trauma as well as poor self-esteem and lack of
motivation caused by ACEs are the reason for developing core symptoms of autism with
psychiatric comorbidities such as depression or anxiety [13]. Several studies reported the
relationship between exposure to ACEs in childhood and white matter microstructural
disruption. For instance, in animal studies, hypomyelination in the prefrontal cortex of
mice can be induced by childhood stress like social isolation or traumatic stress [14];
in human studies, neglect in childhood is related to deteriorated frontal white matter
microstructure [15], and white matter microstructural abnormality of the left arcuate
fasciculus is caused by parental verbal abuse in childhood [16]. Subsequently, ACEs like
exposure to neglect and emotional abuse in childhood were significantly important for
the development of white matter in ASD. ACE exposures can affect the anterior thalamic
radiation (ATR) easily which then affects the white matter microstructural disruption in
ASD. The ATR dysconnectivity which represents cortico-thalamic network dysfunction
is related to emotional dysregulation and cognitive dysfunction, which eventually lead to
psychological symptoms in adults with ASD. Also, the exposure to neglect in childhood
is related to white matter abnormality in the prefrontal cortex, which increases the risk
of psychiatric comorbidities in ASD adults [17]. Meanwhile, recent research has shown
that ASD is highly associated with one or more ACEs: the more ACEs experienced,
the higher probability of developing ASD, and among the children who are exposed to
four or more ACEs, the number of autistic children is twice as high compared to healthy
children.

3.2 Socioeconomic Status (SES)

Socioeconomic status is a combination of economic and sociological aspects which used
to measure an individual’s or family’s social position, economic access to all kinds of
resources and educational achievement [18]. Scientists found that the socioeconomic
status of parent-carers is also an important environmental factor affecting the develop-
ment of childhood autism, but interestingly, the effect of SES on ASD prevalence varies
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from geographic region and culture. In the United States, data show that higher SES and
higher parental education levels lead to earlier and higher ASD [19]. The same associ-
ation between higher parental education level and a higher ASD diagnosis is found in
the United Kingdom, where researchers found that the probability of ASD diagnosis of
children of higher education status mothers (A-level or above) is twice greater than that
of children of low education mothers [20]. However, in China, children with low SES
families tend to have a higher risk of developing childhood autism [21].

3.3 Pregnancy-Related

One of the most important risk factors is parental and maternal age. Several studies
proved that parents aged older than or equal to 34 years have a higher risk of offspring
autism [7]. Especially, the advanced parental age increases the risk of childhood autism.
For instance, the 2010 studies revealed that for every ten-year increase in a father’s
age, the risk of autism increases by 29% [22]. The advanced father’s age disrupts the
function of immune systems, thus affecting the offspring’s nervous system development,
and consequently causes a high probability of neural impairments like autism [7].

Besides, the use of drugs and prenatal medications during pregnancy significantly
increases the risk of developing autism, those drugs may pass through the placenta
and affect fetal development. For instance, studies show that the probability of having
ASD in children exposed in utero to valproate is 8 times higher than those in utero
without valproate [23]. Also, paracetamol, commonly used as an analgesic drug, can
cause oxidative stress, immune dysregulation, and cellular apoptosis which matches
the legions observed in autistic brains [24]. The use of such psychiatric drugs gives a
68% increase in the autism risk, and the use of other medications like painkillers or
thalidomide during pregnancy also shows increased susceptibility to ASD [7].

3.4 Sleep

Sleep problems including sleep onset delay and sleep duration are reported to be sig-
nificantly associated with autism in children. A study on children aged between 3 to
5 years showed that 53% of autistic children have serious sleep problems [25]. Mount-
ing researchers have reported the fact that autistic children experience a wide variety of
sleep problems like frequent night wakings, prolonged sleep onset, and reduced sleeping
time [26]. A 2012 study collecting data from 109 autistic children suggested a positive
correlation between sleep problems and autism symptoms. They found out that insuf-
ficient sleep time caused by night waking and sleep onset delay lead to severe autism
symptoms. The delayed sleep onset can significantly predict communication deficit,
stereotyped behaviour, and autism severity [26]. Meanwhile, parasomnias can be a sig-
nificant sign of communication symptoms and overall autism severity [27]. And the
problem with sleep-disordered breathing was also related to communication symptoms
[27]. Conversely, better sleep can effectively reduce the symptom severity of children
with autism. Thus, treatment of sleep problems can be an effective intervention therapy
for childrenwith autism, improvingASDpatients’ quality of life aswell as their families.
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4 Treatments

Although there is no drug invented that can completely cure autism, more psychotherapy
methods have been developed and used to treat autism effectively. In 2008, Dawson
pointed out that intervention can improve the social engagement and reciprocity of ASD
patients [28]. Enhanced parent-child interactions can improve toddlers’ communication
skills. Autistic children have a relatively low concentration of cysteine, methionine, and
glutathione, and low levels of cystine lead to high oxidative stress, thus Ghanizadeh
pointed out that applying zonisamide to ASD children can improve the influx of cystine
to reduce the oxidative stress [29]. At the same time, scientists proved that musical
therapies are also an effective treatment for verbal communication. Because the left
inferior frontal gyrus in ASD patients is largely activated when stimulated by songs,
but no reaction during speech stimulation [30]. There are few cases in which ASD
patients show extraordinary talents in arts or music fields. Karimi et al. (2011) suggested
neurofeedback training (NFT) and speech therapy for ASD patients, which is effective in
the improvement of patients’ learning and speech ability [31]. Cai et al. (2013) reported
that virtual reality technology applications as an effective intervention and treatment
for promoting learning and positive behaviours in ASD children [32]. They invented
Dolphin-assisted therapy which teaches children to communicate through hand gestures
with a virtual dolphin.

5 Conclusion

Continuous research enables people to have a more comprehensive understanding of
autism and its pathogenesis and treatment. More details and aspects of genetic and
environmental risk factors of autism are acknowledged, thus more effective therapies
are invented to relieve autism. These findings have greatly improved the status and
lives of people with autism. More people with autism can communicate normally, make
friends and integrate into the community. The situation of ASD patients will continue
to improve through more cooperation with schools, community, and families and more
understanding and tolerance from the public. A world where ASD patients are no longer
troubled by autism will come sooner or later.
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