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Abstract. Autism is a group of neurodevelopmental disorders that involve definite impairments in social interactions, distur-
bance in language, and a stereotyped pattern of behaviour. These clinical features are described as the core symptoms. The
condition represents a very large number of diseases and syndromes that are individually rare. Therefore, most people will
refer to autism in the plural — autisms.

The prevalence of autism has increased incredibly in the last three decades. However, although the number of people
diagnosed with autism has increased, this is not the same as saying that there is an increase in the number of cases of autism.
Most likely, many children and adults 40-50 years ago had autistic behaviour that went under other diagnoses.

The cause of the autistic features has been thoroughly discussed for many years and has been the subject of many research
activities. The dominant view today is that genetic and environmental factors mainly cause autism. In this article we want to
give a brief status quo of the clinic, epidemiology and causes of autism.
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1. Introduction

Autism has been one of the most debated medical conditions through the last decades, and our
understanding of this neurodevelopmental disorder has completely changed. From being perceived
as a specific and rare clinical entity, autism is nowadays considered to be relatively common, both in
children and in the adult population. Our understanding of the clinical manifestations, the epidemiology
and the etiology of autism has also completely changed since the condition was first described. It is
no exaggeration to say that this field has undergone a total paradigm shift. One of the reasons for this
is the significantly increased research activity that has taken place in recent decades. Figure 1 is a bar
chart showing how the number of research publications dealing with autism have developed prior to
2021. As shown in the figure, there has been a tremendous increase in the number of published articles.

The name “autism” was already mentioned in the psychiatric literature as early as in the 1911 [1].
At that time, however, no one described and systematized information about this condition, and no
one considered it likely that it had something to do with a medical condition. The vast majority was
convinced that it was a psychiatric condition, and many believed it was a variant of schizophrenia [1].
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Fig. 1. Literature presentations from 1944-2023.

ESSENCE

Fig. 2. The figure illustrates the core symptoms in autism and together with some of the comorbid clinical factors which can
occur together with autism and its relation to the term ESSENCE.

In 1926, however, a Russian child psychiatrist, Grunya Efimovna Sukhareva, published an article
describing autistic traits in six children [2]. She used the term “a schizoid psychopathy” to describe
the clinical picture of autism. Interestingly, her description of the clinical picture is almost identical to
the description of autism spectrum disorder in today ‘s DSM-5 [3].

However, the one credited with first describing the clinical features of autism is Leo Kanner. In 1943,
he published an article in a well-recognized child psychiatric journal, providing detailed symptoms and
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signs in eleven children with the same clinical features as Sukhareva [4]. In 1944, Kanner presented a
larger patient population with the same clinical symptoms and signs [5]. This publication was intended
for pediatricians.

Both articles aroused significant interest among both psychiatrists and paediatricians. All the patients
were characterized as having impaired social interaction, impaired verbal and non-verbal communi-
cation, repetitive patterns of behaviour and so-called restricted interests. Kanner called the condition
autism without mentioning Sukhareva‘s publication.

In 1944, an Austrian paediatrician named Hans Asperger, presented children with more or less the
same clinical picture, except that they were more mildly clinically affected compared to Kanner‘s
patients [6]. Among other characteristics, Asperger‘s cases had intelligence in the normal range and
had good grammar and vocabulary. However, they had poor language skills and restricted interests.
Many years later, the term Asperger syndrome was suggested for this condition [7]. Today, most people
agree that Asperger syndrome is a variant of autism. Both these conditions have been earlier combined
under the overall name of autism spectrum disorders (ASD). This article will use the name autism,
meaning the whole spectrum of the autism phenotypes.

The concept of autism has evolved dramatically over the last four to five decades. Thus, both the
clinical perception of autism and the research in the field have undergone major theoretical and practical
changes. From being perceived as a specific clinical entity described by Kanner in 1943 [4], there has
been a total paradigm shift in terms of clinical perception, epidemiological aspects, and, not least, the
etiological background of autism.

In this present paper, we provide readers with a brief update on some of the clinical aspects of autism
and epidemiological data and offer some thoughts about the causes that may underlie autism.

2. Clinical aspects of autism

Autism is a neurobehavioral and neurodevelopmental disorder with a typical onset early in childhood.
The diagnosis is classified in the International Classification and Diseases 11th Revision (ICD-11), a
coding system maintained by the World Health Organization (WHO). In the ICD-11, autism is classified
as a neurodevelopmental disorder and is listed under the category “Disorders of Social Interaction and
Communication”.

According to ICD-11 the core symptoms of autism are characterized by persistent impairments in
social communication as well as in social interaction and restricted repetitive patterns of behaviour,
interests, or activities. Itis still these symptoms that form the basic clinical manifestations of autism [8].
However, before these basic symptoms manifest, a substantial number of children later diagnosed with
autism display mild or more serious degrees of developmental problems from very early childhood
(i.e., intellectual disabilities, language impairments, motor problems) [9].

Furthermore, autism is a life-long disorder that, in youth and adulthood, often leads to impairments
in different areas of life, for example in family, school, professional and the social environments
[10].

In the nineteen forties, Kanner claimed that autism was one single disease, meaning that it was
one single clinical entity. Clinical research, in the years following Kanner’s original publication, soon
showed that this was not the case. It turned out that the core symptoms varied considerably, which gave
amarked heterogeneity in the clinical picture. Furthermore, about 20 percent of the children developing
autism undergo a so-called regressive development, starting very early and lasting in weeks or months.
In this regressive phase, it seems as if development stops completely and that acquired functions
sometimes are lost. This also occurs in some genetic syndromes associated with autism for example
Rett syndrome and Angelman syndrome [9].
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Secondly, the core symptoms rarely appear alone, but are usually associated with other neurological
and psychiatric comorbidities, such as epilepsy, intellectual disabilities and ADHD [11-14]. Such
comorbid factors are in fact the rule rather than the exception. The presence and the variation of
comorbid factors also suggest a multifactorial etiology and that it involves many medical conditions.
In other words, autism is not a single disease, but many.

Among those neuropsychiatric disorders associated with autism, Intellectual Developmental delay
(ID), ADHD, anxiety, sleep disorders, eating problems, depression and obsessive-compulsive disorders
are common. In several investigations especial ADHD has been shown to be very common in autism.
In a meta-analysis done by Mutluer et al in 2022 [15] the mean prevalence of ADHD among autistic
individuals was 26.2 percent, which was consistent with other older surveys. ID and anxiety disorders
were reported with prevalences of 22.1 percent and 11.1 percent, respectively.

Wolff et al. [16] pointed out the heterogeneity of the intelligence quotient (IQ) reported through the
years. For example, Fombone [17] reported, based on 20 epidemiological studies published between
1966 and 2001, that IQ below 70 varied from 40 to 100 percent with a mean 70 %. A more recent study
[18] has reported that only 31 percent of children with autism were classified in the range of cognitive
impairment (IQ < 70). Thus, epidemiological and clinical data on the IQ distribution in autism reveal
that autistic individuals with intellectual disability seemed to have decreased from 70 percent down to
30 percent during the past 50 years [16].

Among the neurological comorbidities epilepsy is one of the most common conditions [19]. All
types of seizures can occur, and in some children the first manifestation can be infantile spasms.
Epilepsy occurs with higher rates with increasing age, and it is strongly correlated with the degree of
ID. Other neurological disorders reported are cerebral palsy, motoric clumsiness and visual problems
[20].

Furthermore, the concept of ESSENCE (Early Symptomatic Syndromes Eliciting Neurodevelop-
mental Clinical Examinations) was coined by Christopher Gillberg over ten years ago to highlight the
high comorbidity and overlap between these behaviour phenotype syndromes presenting with major
behavioural/cognitive/emotional problems at an early age [20, 21]

The ESSENCE concept refers to the whole group of neurodevelopmental/neuropsychiatric disorders
that present with impairment symptoms in early childhood, including conditions such as intellectual
disability, ADHD, autism and Tourette syndrome. Many of the ESSENCE disorders overlap with each
other, creating a mosaic of symptoms that shift as the individual develops. Due to the great overlap,
the presenting symptoms of autism may be outside the core autism symptom criteria. Clinical research
in autism must therefore acknowledge this significant variation in phenotypic presentation and the
overlap with other conditions. In a recent publication Fernell and Gillberg [20] write that “ESSENCE
underscores that a first recognized symptom or identified disorder need to be followed over time in
a holistic perspective, taking into account all possible developmental/behavioral problems, and not
over-focusing on one specific disorder only”. Other authors share these views [22].

In summary, the present understanding of autism thus includes a spectrum of neurobiological
disorders with overlapping phenotypic behaviours and with different etiological backgrounds. To
acknowledge this great heterogeneity, many researchers are now talking about autisms in the plural —
no longer autism in the singular.

Using the plural form of the autism emphasizes that the condition appears very differently in different
people. Looking for one disorder with one cause has been fruitless, and the way forward now is to
understand autism as a common pathway representing a plethora of underlying biological mechanisms.
This understanding of autism and its biology will be of great importance in terms of the medical
assessment and in the advice and prospects we give to parents or carers of children with autism.
Furthermore, biological understanding paves the way for future targeted and precise treatment strategies
[22].
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3. Epidemiology

Epidemiological research in autism has been in focus for many decades. A marked increase in
prevalence has been seen throughout all these years, especially in the last 20-30 years. Interestingly,
this increase is not limited to a specific geographical area but can be characterized as a global increase.
The big question is, of course, why this increase has taken place.

Mapping and calculating the occurrence of autism is important. If we know how frequent a disease
is, we can inform public policy, raise awareness, and develop research priorities [23]. It is, therefore,
not surprising that epidemiological research has played such a large role. With the intention of mapping
the prevalence of autism, a significant number of epidemiological studies have been published. These
studies have been carried out in different populations and different age groups.

As a part of the epidemiological research, it has been a consistent feature in all investigations that
have been carried out that the prevalence in males is about four to five times greater than in females
[24]. However, critical voices have argued that this gender difference is over-estimated [25, 26]. A
recently published article by Hervas claimed that autism is underdiagnosed in females [25]. Hervas
wrote that females present with different clinical, cognitive, and biological characteristics which makes
it more difficult to clarify the diagnosis. It has for many years been assumed that autism occurs more
frequently in boys. Therefore, the publications from Hervas [25] and Lubinoff [26] are very interesting
and should inspire further research.

If we look at the prevalence figures in more detail, it seems clear that from 1970s until today, there
has been a tremendous increase in patients diagnosed with autism. For example, in 1979, Wing and
Gould found a prevalence as low as 0.04 % (4 per 10.000) [27], while Kim et al. in 2014, 35 years
later, estimated the prevalence in the general population to be to around 1 % [28]. Thus, the diagnosis
of autism has gone from very rare to quite common.

In the Scandinavian countries, for instance, in Norway, we have seen the same tendency. As far back
asin 1998, Sponheim and Skjeldal [29] reported prevalence rates of 5.3 per 10.000, while Isaksen et al.,
13 years later, found a prevalence 51 per 10.000 [30]. Particularly from 1990 onwards, the prevalence
has increased, with some estimates of up to 120 per 10,000 for the whole spectrum and about 40 per
10,000 for classic childhood autism [31, 32].

Epidemiological figures from the USA have shown the most marked increase. Reports from the
2000s showed that one in every 250 children has a diagnosis of autism. Tehaconas and Adesman found
the numbers even higher [33]. They claimed in 2013 that one in 88 children falls under the diagnostic
criteria for autism. Furthermore, as late as in 2021, the US Center for Disease Control and Prevention
(CDC) reported that one in 44 children aged 8 years was estimated to have autism [34]. However, this
study pointed out large differences between the States in the USA. The highest figures were found
in California. In the same study, they reported that autism was 4.2 times more prevalent among boys
than among girls. The same tendency is found in several studies from European countries. In almost
all European countries where these studies have been carried out, very high prevalence figures have
been found compared to what was found 30 years ago.

In arecent published article by Zeidan et al. [23], the authors synthesized estimates of the prevalence
of autism worldwide. They studied 71 articles published between 2012 and 2021. The median male-
to-female ratio was 4.2. They found that the prevalence of autism ranged within and across regions,
with a median prevalence of 100/10.000.

There has been an intense discussion on how to interpret the dramatic increase in the prevalence of
autism. In this connection, it is important to point out that although the number of people diagnosed
with autism has increased, this is not the same as saying that there is an increase in the number of cases
of autism. The increase in prevalence figures could just as well mean that 40-50 years ago, there were
many children who had autistic behaviours but who went undiagnosed or received other diagnoses. At
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different times, there have always been special diagnoses that have received special focus. Furthermore,
part of the explanation for the increase in prevalence that has been seen in recent years may very well
reflect different methodological approaches when diagnosing and selecting children with autism. This
may explain the large variation seen in prevalence figures today compared to a few decades ago. In
other words, the perception of which children and young people should come under the diagnostic
umbrella of autism has changed. Many children with autistic features who were previously not included
according to the criteria of the time, will today be diagnosed as having autism [35-37].

In this connection, it is important to emphasize that better developed welfare and health services
make it easier to find children with autism. Furthermore, there are today, at least in European countries,
better survey instruments which lead to more children being diagnosed.

Another important point is that it is difficult to compare studies on prevalence that took place 30-40
years ago with those taking place today. As mentioned, different methodological approaches can be one
of the reasons for that. Another important thing is that one must expect that there is more knowledge
and a higher awareness of the condition in the professional environment and in the general population,
which also contributes to the discovery of more cases.

It also has to be mentioned that mild autistic symptoms are very frequent in the population, such
symptoms often have no practical significance nor require special measures. Many people with such
mild signs can be well integrated into society and the autistic traits can almost be characterized as a
personality type. Some of these, however, will today be diagnosed within the autism spectrum, which
probably also contributes to the increase in prevalence figures. The decisive factor, however, is whether
the patients have a functional impairment or not. Functional level often varies during life, depending
on whether contextual demands exceed the resources of a person with subclinical autism or not [20].

Overall, there is no doubt that there are significantly more children and young people who today
fall under the diagnostic group of autism compared to investigations that were carried out before
1990. Of the various subgroups within autism, Asperger syndrome has especial shown an increase.
The diagnosis of Asperger syndrome was relatively rare in the 1990s and after that has shown to be
relatively common. It is, however, important to know that both ICD-11 and DSM-5 now combine the
various autism diagnoses (F84) into a single diagnosis of ‘autism spectrum disorder’ — ASD. Thus,
neither Asperger syndrome, nor any of the other subgroups, will be used in the coming years. It will
therefore be interesting to see how this affects the prevalence figures in the future.

Different studies have described different reasons for the increased prevalence. Lyal and Croen [38]
believe that changes in the number of children who receive an autism diagnosis can always be seen in
the context of the treatment available. In the same period that the increase in the number of cases of
autism took place, the number of cases of children with mental retardation, without autism, decreased
almost correspondingly. In any case, what we can conclude is that there are a high number of children
and young people with autism who are diagnosed and thus may need extensive treatment.

4. Etiology

Despite intense research efforts which have resulted in a large number of scientific publications,
the biological background of autism is still poorly understood. Part of the challenge has been that
autism has proven to be clinically very heterogeneous, and probably represents so many biological
conditions [39. Furthermore, many of the studies are based on a very limited number of patients and
poor phenotyping in larger samples [40].

Researchers have tried to define the unique or pathognomonic cause that could distinguish autism
from other disorders. This concept has been completely abandoned. Although autism is undoubtedly
partly a genetic condition, the etiology and pathogenesis of the autism phenotypes are to great extent,
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still unknown. However, our knowledge of this is growing strongly. We still have no biological marker
for autism available, probably because the pathophysiological mechanisms behind autism are complex
and diverse. Thus, the autism phenotypes must still be defined only by symptoms that are observed by
the investigators and by asking questions of the caregivers [40, 41].

There is evidence that typical symptoms develop earlier than previously assumed. It is not rare to
see autism features in the very first months of life. This contrasts with what was assumed 20-30 years
ago and means that the pathophysiological mechanisms that cause autism become apparent very early
in the child’s postnatal development. The pathophysiology seems to be dominated by both genetic and
environmental factors involved.

4.1. Neurochemical factors in autism

Many biochemical parameters have been investigated in patients with autism in the last 50 years.
The reason for that is probably that the concentrations and dynamics of many neurotransmitters can
affect neuron-related functions [42], and growing evidence suggesting that disturbances in the neu-
rotransmitter system play a key role in autism [43]. Neurotransmitters have thus been the focus of
research for many years.

Serotonin was one of the first neurotransmitters to be investigated in patients with autism. Serotonin
is a monoamine neurotransmitter that is involved in regulating mood, anxiety and social behaviour.
Studies have found that individuals with autism tend to have higher Serotonin levels compared to
controls in children without autism. However, this seems to be age-depended. In small children the
5-HT synthesis is reduced during childhood but increases between the ages of 2 and 15, years reaching
almost twice as much the normal adult value [44, 45]. Studies have examined platelet hyperosmolarity
in autism patients. This increase appears to be unique to autism, as it has not been observed in intellectual
disability or other neurodevelopmental disorders [43]. However, it is important to note that the results
of these and other serotonin studies show no consistency.

Dopamine is another neurotransmitter that has been studied in autism [46]. This transmitter is
involved in the regulation of movement, emotion, and motivation. Some studies have indicated altered
dopamine signalling in mesocorticolimbic and nigrostriatal circuits in autism [34]. However, it is
unclear what significance this has. Furthermore, studies have found that individuals with autism have
alterations in the Dopamine receptors, which may contribute to the disorder‘s symptoms [47].

Gamma aminobutyric acid (GABA) is an important excitatory neurotransmitter in the developing
brain. It is derived from Glutamate by the action of glutamic acid decarboxylase [43]. It has been
shown that alterations in the gabaergic and glutaminergic systems can disturb the balance between the
excitatory — inhibitory balance, and some believe that this could be a causative factor in autism. These
changes in GABA transmitter concentrations have been associated with mutations in SHANK3 [48].

Nerve growth factors regulate the neuron survival and differentiation of the nerve cells. They play a
main role as regulators for central nervous system (CNS) maturation, including that of synaptic synthe-
sis, cellular proliferation and migration of the nerve cells. Among those, Brain-derived neurotrophic
factor (BDNF) has been in focus regarding the understanding of autism. BDNF is also involved in the
survival and differentiation of dopaminergic neurons in the developing brain and plays an important
role in the formation and plasticity of synaptic connections. Furthermore, BDNF is also trophic for
serotonergic neurons [49, 50].

The role of BDNF in autism is, however, still unclear. Many authors have found increased systemic
levels of BDNF in children with autism [50], other studies report no differences compared to controls
[51-53] and some report depressed levels [53].

The immune system has also been of increasing interest in autism research [54—56], and interestingly
enough already Kanner implied in1957 that the immunological system could be a biological factor
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causing autism [57]. However, at that time, they had neither the knowledge nor the resources for
follow-up.

There are several scientific reports that provide evidence that the immune system is activated in
autism. However, the importance of immunological factors to the pathophysiology of autism is still
uncertain. In this connection the previously mentioned possible dysfunction in the serotonergic sys-
tem is interesting. Serotonin can be transformed from the essential amino acid trypthophan. However,
trypthophan can also be transformed into neuroactive compounds including Kynurenic acid and Quino-
linic acid. This is known as the kynurenine pathway. It has been postulated that there may be a link
between inflammation or dysregulation in the immune system in autism, and enhanced kynurenine
activation resulting in reduced Serotonin synthesis from Tryptophan and production of kynurenine
metabolites capable of modulating glutaminergic activity [43, 56].

5. Genetic factors

As early as the 1970s, it was claimed that genetic causes play an important role in autism and in the
following years the role of genetic influence in autism were increasingly debated. The current view
emphasizes thus that genetic mechanisms play a particularly large role in the causal mechanisms of
autism. This view is based on many twin concordance studies, the recurrence risk in families and the
connection between chromosomal disorders and autism.

In 1977, Follstein and Rutter published the first twin study [58]. This study looked at the concor-
dance in a sample of 11 monozygotic twins and 10 dizygotic twins. They found that 36 percent of
the monozygotic twins were concordant while O percent of the dizygotic were not, which seriously
suggested that autism was under a strong genetic influence. When they expanded the study to include
those with a milder autism phenotype the results were even more convincing.

In the following years a substantial number of twin studies were undertaken with the same results as
Follstein and Rutter [58]. Since the year 2000, thirty more twin studies have been completed. In 2016,
Tick and co-workers conducted a systematic review of seven twin studies that had been published and
identified a high twin heritability [59]. All in all, going through these studies, revealed a heritability
range for autism from 64 to 91 percent. Furthermore, Ronald and Hoekstra went through other studies
and found that the concordance was between 60 to 90 percent [60]. This is an older study, from 2011,
but still it is important because it shows the same as Tick found later. Thus, the twin studies have given
us strong evidence that autism is highly heritable. Although the results have varied somewhat, almost
all the studies have shown a high concordance in monozygotic twins compared with dizygotic twins.

A substantial number of DNA studies have discovered genes that are involved in autism. The list of
genes that can lead to the autistic phenotype is growing, and Styles et al. reported in 2020 that over
400 “Autism susceptibility genes” have been strongly linked, and 200 genes were weakly linked [61].
The contribution of each particular gene, however, within the autism population, was very minor [61].
It is, however, important to know that no gene is consistently mutated in every person with autism.
Stated differently, there does not seem to be any gene that causes autism every time it is mutated [61].

Roughly speaking, we can say that two types of genetic conditions are important. The firstis rare gene
defects that can increase the risk of autism. This group includes a significant number of monogenic or
chromosomal syndromes [62] for example Fragile X, Rett syndrome, Angelman syndrome, Tuberous
sclerosis complex and Down syndrome. The group has been named by some as “syndromic autism”.
The group also includes rare mutations in genes that encode synaptic proteins, such as NLGN3,
NLGN4X, SHANK?2 and SHANK3 [63]. Furthermore, whole-genome microarray studies have also
found changes mentioned as “Copy Number Variants” (CNV). These are deletions and duplications of
long stretches of DNA, and such changes can result in autism if particularly vulnerable autism genes
are involved [61].



O.H. Skjeldal and J. Isaksen / Autism — A brief update 109

Secondly, in the group of individuals with autism and normal or high intelligence, the genetic
predisposition for autism is usually due to the sum of the effects of several common gene variants,
each of which has little effect. Sometimes the genetic predisposition can be explained by an interaction
between rare and common genetic variants [63].

One important thing to note is that until now, no genes associated with autism result in only autism,
but also involve intellectual developmental delay, epilepsy, and other comorbid factors. Put another
way, so far, no specific gene or gene variant has been found that alone points to autism [63].

6. Environmental risk factors

There is a growing body of research suggests that environmental factors, alongside genetic etiology,
may play an important role in the development of autism. It is doubtful if one single factor is sufficient
to yield autism, but probably it is so that a collection of them can be involved. In fact, there is evidence
that the interactions between susceptible genes and environmental factors can be the major mechanism
of autism etiology [64]. These environmental factors can include exposures that occur before, during
or after birth (Table 1).

Table 1 gives an overview of those environmental factors which have, over the years, been discussed
as associated with autism. It is important to note that not all the scientific works that have been done
show a connection between risk factors and the development of autism. In many publications, it is
not possible to demonstrate such a correlation. This is probably because there must be an interaction
between environmental factors and genetic vulnerability to develop autism [64].

Here we will briefly mention the most important risk factors which have been discussed.

6.1. Prenatal factors

Higher parental age has several times been reported as an important prenatal risk factor. This partic-
ularly applies to the age of the father [61, 65 — 70]. Parental ages over 34 seems in many investigations
to be critical. However, in some studies, this is not so conclusive [69-70].

It is worth noting that Sansafar et al. [70] claim that the risk of autism increases by 29 percent for
every 10-years older the father is, and that those fathers older than 40 years have a more than two-fold
greater risk of having an affected child compared to fathers aged 25-29 years [70]. When it comes to
the mother’s age, we don’t have the same clear age effect, but in some publications in recent years most
authors suggested that the mother’s age also has some negative effect on the development of autism in
the child [61]

6.2. Complications during the pregnancy

During the pregnancy infections and bleeding seems to present the greatest risk for autism in the child.
Among the infections it is especially viral infections such as rubella, measles, mumps, chickenpox,
influenza, herpes, varicella, and cytomegalovirus which are the biggest threats [61, 71-73]. It is,
however, important to point out that many of the references that deal with a connection between viral
infection in pregnancy and the later development of autism in the child are from an older date.

A substantial number of the manuscripts published about Covid and autism concerns the medical
and psychosocial consequences of undergoing Covid 19 for people with autism. However, as far as we
know, there is no evidence that Covid-19 infection is an etiological factor for autism. Such investigations
have been called for [74].
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Table 1

The able shows some environmental risk factors which have been
claimed associated with autistic phenotype (modified after 57)

SOME PRENATAL RISK FACTORS

Parental age

Birth order

Preeclampsia

Maternal diabetes

Maternal bleeding during pregnancy
Bacterial/viral infections during pregnancy
Prenatal medication use (antiepileptic drugs;
Psychotropic drugs, Antidepressant drugs; Misoprostol;
Thalidomide; Pesticides; air pollutants)
Hypertension in mother

Familial socio-economic status

Maternal iron, folate, and methionine deficiency
Weight gain during pregnancy

Threatened abortion

SOME NATAL RISK FACTORS

Preterm birth

Postterm birth

Cesaren delivery

Fetal complications

Asphyxia

Congenital anomalies

Fetal respiratory distress
Season of birth

SOME POSTNATAL RISK FACTORS
Low birth weight

Jaundice and hyperbilirubinemi
Birth defects

Early infant infections
Postnatal anemia
Encephalopathy

Postnatal vitamin D deficiency

Metabolic syndromes such as diabetes, hypertension and obesity during the pregnancy have been
reported to be risk factors for the child to develop autism [66, 75 — 78]. The reason that such maternal
metabolic syndromes are a risk factor for autism is claimed to be due to cerebral hypoxia in utero with
subsequent damage to the neurons [75].

Different kinds of prenatal medications have been put in context with increased risk of autism. This
applies to prenatal use of psychiatric medications. Those drugs easily pass the placenta [66]. Other
drugs that have been associated with autism are antiepileptic drugs, especially valproate, which can
give a so-called valproate syndrome that leads to developmental delays, deficient motor activities and
autistic behaviour [79, 80-81]. Different kinds of analgesics, for example paracetamol, have also been
reported to cause autism [82]. The use of antidepressant medications in pregnancy has been claimed
to be causing autism [83-85].
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6.3. Perinatal and postnatal factors

Abnormal gestational age, preterm (less than 35 weeks) and post-term pregnancy have been reported
to increase the risk of autism [86—88]. Bleeding during pregnancy, umbilical-cord complications and
caesarean delivery are associated with higher risk of autism possibly during cerebral hypoxia in the
fetus [43, 61, 64, 77, 88].

Many postnatal risk factors have been associated with the development of autism, most of them
are mentioned in table 1. Children who have had low birth weight and/or postnatal infections are
presumably most vulnerable [64]. Postnatal jaundice has also been claimed to be a risk of autism and
other mental disorders [43]. Further studies are needed to fully understand the associations between
these environmental exposures and autism, as well as the mechanisms by which they might affect the
development of the disorder. Furthermore, most environmental factors that increase the risk of autism
do so in relatively small amounts and are found in combination with genetic factors that also play a
role.

7. Conclusions

Autism, meaning autism spectrum disorders (ASD), are a diverse group of disorders. They are char-
acterized by difficulty in social interaction and communication and atypical patterns of activities and
behaviours. Most often children and adults with autism have co-occurring neurological and psychi-
atric conditions, for example epilepsy, depression, and ADHD. The level of intellectual functioning
varies. However, recent research claims that about 1/3 of the autistic individuals suffer from intellectual
developmental delay.

The prevalence of autism has increased significantly through the last decades. The current data
show mean prevalence figures of 1 to 1.5%, however, the this varies substantial across studies. Some
studies have reported figures that are higher. In this article we discuss why the prevalence figures have
increased so much.

The cause of autism seems to be multifactorial. Genetic mechanisms play a particularly large role as
a cause of autism, and a substantial number of DNA studies have discovered a polygenic risk factor in
autism. The last updates show that several hundreds of genes are linked to autism. A huge number of
environmental factors, both prenatal, perinatal and postnatal factors are reported to be risk factors for
autism. Interactions between susceptible genes and environmental factors can be the major mechanism
of autism aetiology.
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