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ARTICLE INFO ABSTRACT

Keywords: Background: Autism Spectrum Disorder (ASD) is a group of nervous system
ASD development disorders with polygenic inheritance patterns, characterized by a
Children type of dysfunctional in social communication and limited also repetitive

behaviors. Risk factors for ASD can be divided into two categories in general:
genetic, and environmental factors. To date, a study about risk factors of ASD
in Indonesia, let alone Palembang, is limited. Therefore, this study wished to
investigate the risk factors of children with ASD in Dr. Mohammad Hoesin
General Hospital, Palembang. Methods: This study is an observational
descriptive study. Samples were children with ASD who went to Dr.
Mohammad Hoesin General Hospital, Palembang. The primary data obtained
from a semi-structured interview with parents/guardians of children with
ASD, while secondary data obtained from their medical records. Results: The
most common risk factors identified in this study are the paternal age and
maternal age = 30 years at the time of conception (59,8% and 40.2%), and the
All authors have reviewed and approved the history of cesarean delivery (27,8%). Conclusion: This study concludes that
final version of the manuscript. the occurrence of ASD in Palembang is multifactorial, involving both genetic
and environmental risk factors.
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1. Introduction

Autism Spectrum Disorder (ASD) formerly known
as Pervasive Developmental Disorders, is a group of
heterogeneous phenotypes of nervous system
development disorders with polygenic inheritance
patterns, characterized by the type of dysfunctional
in social communication and limited also repetitive
behaviors.1 Epidemiological data estimate the global
prevalence of ASD reaches 1 in 160 people.2 Whereas
statistical data from the US Centers for Disease
Control and Prevention (CDC) released in March 2014
identified about 1 in 59 American children
experiencing ASD.3

ASD is a multifactorial genetic disorder, meaning it
has more than one risk factor involved. In general,
these factors are divided into 2 major groups, genetic

factors, and environmental factors. When it comes to

genetic factors, there is a lot of genes related to ASD,
for example, CHD8, ARID1B, SHANK3, and NLGN
3/4.4

In the case of ASD, the environmental factors can
be broadly divided into three categories based on the
period, those are pre-natal, peri-natal, and post- natal.
In pre-natal factors, there is a TORCH infection related
to brain damage and the immune system. Advanced
paternal and maternal age also related to gene
mutations.5 Gestational bleeding and hypertension
during pregnancy related to placental insufficiencies
and hypoxia can cause ASD as well.67.8 Last is
diabetes during pregnancy that related to cell
apoptotic and oxidative  stress.? The peri-natal
factors are the childbirth method (cesarean delivery)

related to a pregnancy complication, asphyxia that
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related to hypoxia78 and prematurity that related to
organ maturity.5 For post- natal factors, there are low
birth weights (LBW) that related to nutrition? and
hypoxia condition, and then neonatal jaundice and

postnatal infection that related to brain damages5.10

2. Methods

This is an observational descriptive study with
cross-sectional study design, i.e. data collecting is only
done once at a certain time to find out risk factors in
ASD children in one of the national referral hospitals
in Indonesia, which is Dr. Mohammad Hoesin General
Hospital, during 1 January 2014 - 31 December 2018.

Data obtained were secondary data from medical
records and primary data from semi-structured
interviews with families of ASD inpatients and
outpatients at Dr. Mohammad Hoesin general Hospital
in 2014 - 2018.

The inclusion criteria were all parents with ASD
children at Dr. Mohammad Hoesin Hospital who was
willing to participate in the study. Parents interviewed
by telephone and the conversation was recorded. The
exclusion criteria for this study were ASD children

with cerebral palsy and down syndrome.

3. Results

This study identified 301 children with ASD, where
97 of them suited the inclusion and exclusion criteria.
Those ninety-seven children had dominant male
demographic characteristics (87.63%), with age under
five years old (73.20%) as shown in table 1.

Genetic factors in this study were family history,
while environmental factors in this study were
paternal age, maternal age, prenatal infection,
gestational bleeding, hypertension during pregnancy,
gestational diabetes, cesarean delivery, premature,
asphyxia, low birth weight, postnatal infections, and
neonatal jaundice as can be seen in table 2.

From the results of the identification of various risk
factors for ASD children, the most common risk factors
are the age of the father over 30 years at the time of
conception, which is 58 children, the second is the
mother's age > 30 years during the conception period,
which is 39 children, and the least is gestational
diabetes, where no risk factors for gestational diabetes

were found in the subjects.

Table 1: Demographic characteristics of ASD children in Dr. Mohammad Hoesin General Hospital for the period
1 January 2014 - 31 December 2018 (n = 97)

Demographic Characteristics n %
Age
0-11 months 1 1
12 months — 59 months 71 73,20
60 months — 72 months 11 11,35
6 years— 18 years 14 14,35
Sex
Male 85 87,63
Female 12 12,37
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Table 2: Characteristics of risk factors for ASD children in RSMH for the period 1 January 2014 - 31 December

4. Discussion

2018 (n=97)
Risk Factor N (%)
Genetic Factor
ASD Family History
Yes 13 13,4
No 84 86,6
Environment Factor
Paternal Age
Age 230 58 59,8
Age <30 39 40,2
Maternal Age
Age 230 39 40,2
Age <30 58 59,8
Prenatal Infection
Yes 8 8,2
No 89 91,8
Gestational Bleeding
Yes 4 4,1
No 93 95,9
Pregnancy Hypertension
Yes 9 9,3
No 88 90,7
Gestational Diabetes
Yes 0 0
No 97 100
Caesar Delivery
Yes 27 27,8
No 70 72,2
Premature
Yes 9 9,3
No 88 90,7
Asphyxia
Yes 9 9,3
No 88 90,7
LBW
Body Weight <2500 g 15 15,5
Body Weight <2500 g 82 84,5
Neonatal Jaundice
Yes 4 41
No 93 95,9
Postnatal Infection
Yes 6 6,2
No 91 93,8
Multifactorial
Environment + Genetic Factor 12 12,4

Most children with ASD were male, with a

percentage of 87, 63%. It is relevant to various theories

that ASD distribution is more prevalent in males than

females. The prevalence of ASD in men reaches 4-5

times more often than women. The exact theory on this
case has not yet been found, whether male sex is
susceptible to ASD or female gender is a protective

factor or even both theories are true.
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Several theories support this, where the first is
sexual hormones; estrogen, and testosterone. The
hormone testosterone is known to have an effectin the
production of the fetus which will later develop be a
male, this hormone affects physical development,
brain, neurotransmitters, immune function, and other
functions. When there is a dysfunctional of the
hormone testosterone in the fetus, it will affect the
development of the fetus. While the hormone estrogen
is known to be a regulator of gene expression, the
binding of the estrogen hormone and its receptors can
penetrate the cell nucleus.

The second is the influence of chromosomes, men
only have one X chromosome while the female has two
X chromosomes. When there is a dysfunctional on the
X chromosome, men will manifest the condition
immediately, whereas women have a second X
chromosome as a backup. In genetic research, copy
number variations (CNV) are found in women as many
as 10-15 while in men only 2-35.11 This study is in line
with several studies such as those conducted by Hisle-
Gorman where they get a male gender distribution of
79.9%.12 Another study conducted by Maia with a
similar percentage of 80.2% of the majority of men13
and the last research by Pangestu in Semarang
received a percentage of 73.3% for male sex.?

There have been many studies on genetic factors
that influence the incidence of ASD. Some of these
genes are NEGR1, PTBP2, CADPS, KCNN2, KM2TE,
MACROD2, SHANK3, CHDS8, ARID1B, and many other
genes that are expected toreach 1000 genes that affect
ASD cases4.14 These genes will later be inherited in the
family both simplex and multiplex. In a study
conducted by Sven et al, they concluded that ASD's
genetic heritability was 50% and would increase 10
times as much as having an ASD sibling.15 Schaefer
et al's study state that ASD genetic heritability is 70%
-90% and is influenced by many factors.16

Advanced father age of 30 years and over had a risk
factor with the most distribution, which was 58 people
(59.8%). Relevant with the theory which states that at
senior-aged father, genetic mutations are very

susceptible. This is because men constantly produce

sperm and in old age, sperm quality begins to
decrease. However, for the exact cause of genetic
mutations occur, it still cannot be proven.5!7 The
results obtained in this study are higher than the
results of research conducted by Zhang et al., where
they got 39 of 95 (41,1%).8 In the study from Semarang
by Pangestu et al, they got 19 of 45 people (42.2%).7
However, these results are lower in percentage
compared to studies conducted by Hadjkacem et al,
who got 33 out of 50 people (66%).18 Advanced mother
age 30 years and over was one of the risk factors that
were often found in this study, as many as 39 people
from 97 people (40.2%). This is relevant to the theory
which states that senior-aged mother is related to
genetic mutations and chromosomes that are prone to
occur, but the exact cause of genetic mutations and
chromosomes cannot be proven yet. Also, the senior-
aged mother is related to problems and complications
during pregnancy which will cause fetal distress and
hypoxia in the fetus so that free radical buildup occurs
and oxidative stress occurs.57 The percentage of
results obtained in this study is higher than in some
previous studies. The means in his study in India
found 1 of 33 mothers (3%) elder,19 then Hisle-
Gorman et al in his study in Virginia received 1184 out
of 8760 mothers of ASD children (13, 5%)!2 and Zhang
et al. In their study in China, 23 out of 95 mothers are
elders.8 However, this percentage is lower than the
study conducted by Pangestu et al in Semarang,
Indonesia, where they got the results of 31 of 45
mothers who were elderly while pregnant (68.9%).7

In this study it was found that the number of
maternal infections during pregnancy was 8 or 8.2%
of the total data, the types of infections obtained in this
study were rubella, toxoplasma, and then other
infections were not explained further. This is
consistent with the theory that the mother's infection
during pregnancy can affect the fetus organically,
which directly attacks the brain and neuron cells or
through inflammatory mediators that are released
during the infection in the form of cytokines. During
fetal development, cytokines function in brain

development, so that imbalance of cytokines will cause
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brain development disorders.5 The percentage of
results in this study is similar to the study conducted
by Saranya et al in India wherein their study the
percentage of prenatal infections was 9%, 0.8% adrift
from the results obtained in this study.1® Yet these
results are much less than the studies conducted by
Pangestu et al in Semarang and Hisle- Gorman et alin
Virginia where they got a percentage of mothers who
have infections as much as 68.9% and 40%.712

Gestational bleeding is one of the complications
during pregnancy, it is related to the state of fetal
hypoxia due to placental insufficiency.67 In this study,
it was found that 4 out of 97 mothers had experienced
gestational bleeding or around 4.1% of the total data.
In a study conducted by Amirhossein et al in a
systematic review, they obtained four journals that
said vaginal bleeding during pregnancy was one of the
factors causing ASD.20 Another study conducted by
Saras et al. found no risk factors for bleeding during
gestation in 33 studies samples.19 However, in a study
conducted by Pangestu et al in Semarang, they found
29 bleeding from 45 samples studied or about 64.4%
of the total data. This is much more than what was
found in this study.?

Hypertension in pregnancy at any gestational age
affects the supply of oxygen and nutrients to the fetus
so that it experiences a state of hypoxia and oxidative
stress.8 This is related to ASD cases. This study found
a percentage of 9.3% of the total data. Other studies
conducted by Hadjkacem et al got similar results to
this study, namely 10% of the total sample.18 Yet
research conducted by Hisle-Gorman et al in Virginia
gets more results, namely 18.1% of the total sample.!2
Whereas the research conducted by Saras et al only
obtained 6% of the total data which means less than
this study. 19

The condition of DM is closely related to brain
malformations and neurodevelopmental disorders.
The hyperglycemic condition in the intrauterine
negatively impacts the development of the fetus's
brain.? However, in this study, no samples were found
with diabetes during pregnancy. In a study conducted

by Xiangin California, they obtained 877 samples with

hyperglycemia during pregnancy from 5287 events of
ASD or 16.58% of all data,?! research by Hadjkaem in
Brazil obtained 8% of overall datal8 and most recent
research by Hisle-Gorman et al in Virginia obtained a
percentage of 17.3%.12

Cesarean delivery is the most common perinatal
risk factor found in this study, 27 of 97 samples, or
27.8% of the total data. Cesareanean delivery was not
directly related to ASD, cesarean delivery was related
to other risk factors discussed or not discussed in
this study, such as prenatal infections, macrosomia
due to gestational diabetes, narrow maternal pelvis,
placenta previa, and other factors that would cause
fetal distress.”.8 Another case with Benjamin et al,
where observational studies conducted in five
countries with a sample size of approximately five
million births, get a percentage of only 3.2% of all
children born with ASD conditions.22 This finding is
less than this study.

Prematurity associated with immature organs,
especially the lungs, which will lead to respiratory
distress and damage brain neuron cells.5 In this study,
nine samples were born preterm or 9.3% of the data.
Other studies show a higher percentage than this
study, research conducted by Zhang et al had a
percentage of 16.9%8 research conducted by Saranya
et al had a percentage of 18.2%19 research conducted
by Hadjkacem et al had a percentage of 18%18,
research conducted by Maia et al. had a percentage of
17.8%?13 and research conducted by Hisle-Gorman has
a percentage of 13.4%12 However, the research
conducted by Benjamin et al has a smaller percentage
than this study, which was only 3.6% of samples born
preterm?22

Asphyxia at birth is a state of distress in children
that can be life-threatening, this condition causes
hypoxia which will cause oxidative stressin the brain
and damage neuronal cells in the brain. Other studies
have shown that the distribution of risk factors for
asphyxia can have a very high percentage, as in
research conducted by Pangestu et al. had a
percentage of 71.1%7 then other research is conducted

by Hisle Gorman et al with a percentage of 42.4%12
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then research conducted by Maia et al, with a
percentage of 17.4%13 The percentage of this research
was only 9.3%, smaller than other studies. Research
that had similar results was a study conducted by
Zhang et al, which amounted to 11.6% but is still
larger than this study.8

Birth weight is related to complications that occur
during the prenatal period. When the supply of oxygen
and nutrients does not reach the fetus, this will cause
developmental disorders, especially the brain7. In this
study, the results obtained as many as 15 samples
with low birth weight or about 15.5%. Some studies
got higher results compared to this study, as in the
study conducted by Pangestu et al in Semarang and
Maia et al in Brazil got a percentage of 51.1% and
20.9%7.13  While other studies had a smaller
percentage of results as in the study conducted by
Hadjkacem et al and Hisle-Gorman et al with a
percentage of 12% and 8.8%12.18

High levels of bilirubin during neonates can cause
deposits of bilirubin in the brain which can cause
encephalopathy0. This study found as many as four
samples that had this condition, or about 4.1%. Other
studies in various countries got higher results
compared to this study, such as research conducted
by Zhang et al in China has a percentage of 11.6%38,
research by Saranya et al in India got 12% results!9,
research by Maia et al in Brazil get a percentage of
30%?13, and last but not least is the research conducted
by Hisle-Gorman in Virginia with a percentage of
38.8%!12

Infections that occur during the neonatal period,
especially infections of the brain after birth will directly
affect neuronal cell damage in the brain which can
cause ASD. This study obtained a percentage of
results of 6.2% of the total data, where these results
were less than other studies conducted by Maia et al
and also Hisle-Gorman et al who got a percentage of
13.8% and 22.2%12,13

Of the entire sample that had genetic factors, the
majority also had environmental factors. The number
of samples that had multifactorial factors was 12

people or 12.4% of all data. According to existing

theories, genetic factors alone in ASD cannot directly
cause ASD but require environmental factors. Some
environmental factors are directly related to genetic
factors in ASD, such as father's age and maternal age
which cause genetic mutationsS. A study conducted
by Risch et al concluded that the recurrence of ASD in
one family was also influenced by environmental
factors such as the distance of pregnancy and also the

age of parents?23.

5. Conclusion

All cases of ASD in this study are multifactorial, in
line with the theory. Both genetic and environmental
factors related to the incidence of ASD. Further studies
to analyze which risk factors play the most important

part is needed.
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