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Abstract
The prevalence of prenatal, neonatal, and postnatal complications among 89 children diagnosed with autism spectrum
disorder (ASD) and 207 healthy children living in Kazakhstan and Ukraine are compared and reported. The mothers of
children later diagnosed with ASD had significantly higher rates of infections (56.2% vs. 24.6%, p<0.001) and placental
detachment (9% vs. 3.4%, p<0.05) during pregnancy than mothers of healthy children. Children later diagnosed with
ASD had higher rates of hypoxia (58.4% vs. 13.5%, p<0.001), asphyxia (23.6% vs. 3.4%, p<0.001), active congenital
infection (15.7% vs. 1.4%, p<0.001), and different types of CNS damage (15.7% vs. 4.3%, p<0.001) at birth. Children
later diagnosed with ASD were significantly more often characterized as withdrawn (59.6% vs. 13%, p<0.001), and having
frequent episodes of health problems (18.1% vs. 3.9%, p<0.001) during the first three months after birth.
Keywords: Autistic disorder; Infection; Parturition; Pregnancy

Introduction
The American Psychiatric Association defines Autism Spectrum Disorder (ASD) as neurodevelopmental pathology
with typical symptoms and signs of social interaction disruption, language impairment, and repetitive patterns
of behavior, interests or activities [1]. A growing number of scientific publications indicate that ASD could be a
congenital disorder. For example, in a 2010 study, one of the factors found to play a role in the prenatal origin of ASD
was maternal infections and immune activation during pregnancy. Analysis of the anamneses of 96,000 children born
in Denmark from 1980 to 2005 showed that the mother’s admission to a hospital due to maternal viral infection in the
first trimester and maternal bacterial infection in the second trimester was associated with the diagnosis of ASD in
the offspring [2]. As well, in a large Swedish study published this year, in which 1,8 mln children participated, it was
shown that any viral infection during pregnancy significantly increases the risk of ASD in children [3].
According to the American Psychiatric Association, ASD is usually diagnosed around ages 2 to 3; however, studies
show that both behavioral and clinical signs and symptoms of ASD could be manifested in the first months of an
infant’s life [1,4,5]. Furthermore, some of the brain alterations commonly observed in ASD children is only initiated
during prenatal brain development. For instance, ASD children have a decreased number of Purkinje cells (PCs) along
with the absence of interneuron basket cells. PCs only develop in the prenatal period; consequently, this alteration had
to have occurred in the prenatal period [6].
Other studies confirm the association between a mother’s clinical manifestations during pregnancy and labor and an
increased risk of ASD in her child. For example, mothers of children who are later diagnosed with ASD are more
likely than mothers of neurotypical children to have had such complications as, vaginal bleeding, risk of miscarriage,
prolonged labor, prematurity, hypoxia at birth, etc [7-11]. As was discussed by, some of these complications may
be the result of infection, inflammation and maternal immune activation during pregnancy [12]. Infection may lead
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to maternal immune activation resulting in placental inflammation that causes disruption of oxygen transfer and
prenatal hypoxia as a result. As well, according to the authors, maternal immune activation induces some of the genes
associated with hypoxia.
Despite this knowledge, the current understanding of ASD lacks the consideration of the prenatal, postnatal and
infantile manifestations of the increased ASD risk, which could help in diagnosis, prevention and early treatment of
this disorder.
In this paper, we present data about the pre-, neo- and postnatal complications and peculiarities as well as the pregnancy
and labor complications in the mothers of 89 children diagnosed with ASD and 207 healthy children.

Materials and Methods
Participants
The participants of this descriptive study were 89 children aged 2 to 16 years old (mean age = 5.6 y.o.) diagnosed
with ASD, and 207 healthy children aged 6 months to 16 years old (mean age = 5.8 y.o.). All children were residents
of Ukraine and Kazakhstan. Parents of children diagnosed with autism were self-referred; the healthy children were
invited to participate in the online survey via Facebook using the snowball sampling method in which the initial
subjects were asked to recruit future subjects from among their acquaintances to increase the size of the study sample.
All parents gave their written consent to participate in the study. The study represents all the results obtained from all
the parents responding. The only inclusion criteria for the group of autistic children were a confirmed diagnosis of
ASD and written consent form from their parents. The inclusion criteria for the control group were the absence of a
diagnosis of ASD or other neurodevelopmental disorders and written consent form from their parents. There were no
exclusion criteria for any of the two groups.

Collection of information
All parents answered the six-question Internet survey regarding pregnancy, labor, neonatal complications, and their
child in its first three months of life.

Statistical analyses
Statistical analyses were performed with SPSS II for Windows (IBM SPSS). Fisher’s exact test was used for the 2-by2 table with consequent Yates correction.

Results
Complications during pregnancy
The main complications during pregnancy included active infection (including, but not limited to respiratory infection
of known and unknown origin and UTI of known and unknown origin), risk of miscarriage, placental detachment,
polyhydramnios, and vaginal bleeding. The prevalence of these complications in the group of mothers of ASD children
and in the group of mothers of healthy children is represented in Figure 1.
There were 50 out of 89 women among mothers of children, who were later diagnosed with ASD who had had active
infection during pregnancy. Active infection among mothers of healthy children was diagnosed in 51 out of 207
women. The prevalence of active infections in mothers of children diagnosed with ASD was more than double the
prevalence in mothers of healthy children, indicating statistical significance between the groups (p<0.001).
The risk of miscarriage among mothers of ASD children was occurred in 20 women out of 89, while among mothers
of healthy children it was in 33 women out of 207. This difference was not statistically significant (p>0.05).
Placental detachment during pregnancy was reported by 8 out of 89 mothers of children diagnosed with ASD, and by
7 out of 207 mothers of healthy children. The rate of placental detachment was higher among mothers of ASD children
(p<0.05), but after a Yates correction, the difference was not considered statistically significant (p>0.05).
Polyhydramnios was reported by 4 out of 89 mothers of children diagnosed with ASD, and by 5 of 207 mothers of
healthy children. This difference was not statistically significant (p>0.05).
Bleeding was reported by 5 out of 89 mothers of children diagnosed with ASD, and by 10 out of 207 mothers of
healthy children. This difference was not statistically significant (p>0.05).
The absence of complications during pregnancy was reported by 29 out of 89 mothers of children diagnosed with ASD
and by 124 of 207 mothers of healthy children. The mothers of ASD children had a significantly higher prevalence of
pregnancy complications than mothers of healthy children (p<0.001).
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Figure 1: Prevalence of complications during pregnancy. The figure represents the rates of the most common
complications among mothers of children diagnosed with ASD and mothers of healthy children. There are
statistically significant differences in infection rates during pregnancy, placenta detachment, and the absence
of complications.

Type of delivery
All mothers had a cesarean section, induced labor, a combination of both, or natural delivery. The prevalence of each
of the types in both groups is represented in Figure 2.
In the group of mothers of ASD children, 23 out of 89 reported induced labor and 28 out of 89 reported cesarean
section. Seven of the mothers had an induction but it was not sufficient for delivery, so they had cesarean sections.
Slightly more than half, 45 out of 89 mothers of children diagnosed with ASD had natural delivery. In the group of
mothers of healthy children, 36 out of 207 reported induced labor and 56 out of 207 reported cesarean section. None
of them had both induction and cesarean section. More than half, or 115 out of 207 mothers of healthy children, had
natural delivery.
The differences in the rates of cesarean section, induced labor, and natural delivery were not statistically significant
(p>0.05).

Figure 2: Prevalence of types of delivery among mothers of children diagnosed with ASD and mothers of
healthy children. There is no statistically significant difference in rates of each of these types of delivery.

Complications among newborns
The most common complications among newborns included hypoxia, asphyxia, protracted anhydramnios, jaundice,
preterm birth, and active congenital infection. The prevalence of each of these complications among children later
diagnosed with ASD and in healthy children is presented in Figure 3.
There were 52 out of 89 children in the ASD group and 28 out of 207 children in the healthy group born with hypoxia.
The prevalence of hypoxia among ASD children was significantly higher than among healthy children (p<0.001).
There were 21 out of 89 children in the ASD group and 7 out of 207 children in the healthy group born with asphyxia.
The prevalence of asphyxia among ASD children was significantly higher than among healthy children (p<0.001).
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There were 5 out of 89 children in the ASD group and 10 out of 207 of children in the control group who were born
after a protracted anhydramnios. This difference is not statistically significant (p>0.05).
Jaundice was detected in 12 out of 89 children in the ASD group and in 52 out of 207 children in the healthy group.
The rate of jaundice was significantly higher in healthy children (p<0.05).
Preterm birth was defined as a birth that occurred on the 37th week or earlier. Preterm birth was reported in 10 out of
89 ASD children and in 16 of 207 healthy children. This difference was not statistically significant (p>0.05).
Active congenital infection was diagnosed in 14 out of 89 children with ASD and in 3 of 207 healthy children. The
rate of congenital active infection among children with ASD was significantly higher than among healthy children
(p<0.001).
Mothers of 21 out of 89 children diagnosed with ASD and 118 out of 207 healthy children reported no complications
in their newborn children. Children later diagnosed with ASD had significantly higher rates of complications than
healthy children (p<0.001).

Figure 3: Prevalence of complications among newborns. The figure represents the rates of the most common
complications among children later diagnosed with ASD and healthy children. There are statistically significant
differences in rates of hypoxia, asphyxia, jaundice (higher in healthy children), presence of active congenital
infection, and the absence of complications.

Peculiarities of the first 3 months of life
The most common peculiarities were withdrawnness, irritability, frequent episodes of illness, and CNS damage
(including hydrocephaly, presence of liquid in brain tissues, and asymmetry of brain volumes). The prevalence of
these peculiarities is represented in Figure 4.
Withdrawnness in the context of this study means that a child was unusually quiet and characterized by the parents as
“causing no inconvenience”. These children were described as having little or no social interest, decreased engagement
of attention, and expressing marked passivity. Among children who were later diagnosed with ASD, 53 out of 89 were
reported to be withdrawn in the first 3 months of their lives. Among healthy children, 27 out of 207 were reported to
be withdrawn. Children with ASD had a significantly higher rate of this peculiarity (p<0.001).
Irritability in the context of this study means that a child was “very problematic”, “hypersensitive”, “irritable”, and
“suffering from sleeplessness”. Among children who were later diagnosed with ASD, 25 out of 89 were reported to be
irritable in the first 3 months of their lives. Among healthy children, 47 out of 207 were reported to be irritable. This
difference between the two groups was not statistically significant.
Frequent episodes of illness in the first 3 months were reported in 16 children with ASD out of 89 and in 8 of
207 healthy children. Children with ASD had statistically significant higher rates of frequent illnesses than healthy
controls (p<0.001).
CNS damage that was not mechanical (due to trauma), but rather seemed to be due to long-term birth complications
was reported by 14 out of 89 children with ASD, and among healthy children, the CNS damage was in 9 cases out
of 207. The higher rates of CNS damage among children later diagnosed with ASD were statistically significant
(p<0.001, and after Yates correction p<0.01).
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No peculiarities were reported in 7 out of 89 children later diagnosed with ASD and in 120 out of 207 healthy
children. ASD children had statistically significant higher rates of the abovementioned peculiarities than healthy
children (p<0.001).

Figure 4: Peculiarities of the first 3 months of life. The figure represents the rates of the most common
peculiarities among children later diagnosed with ASD and healthy children. There are statistically significant
differences in rates of withdrawnness, frequent episodes of illness, CNS damage, and absence of peculiarities.

Events coinciding with regression in children with ASD
Parents of children with ASD were asked whether there were any events that occurred before the first manifestation of
autistic symptoms. Out of 89 parents, three said that the first manifestation of ASD symptoms occurred after a surgical
operation, four said that it occurred after the mother stopped breastfeeding, five said that ASD manifestation was after
vaccination, six said after illness, and 71 said that there were no significant events prior to initial ASD symptoms.
Figure 5 depicts the responses.

Figure 5: The events coinciding with the first manifestation of autistic symptoms in 89 children. The number
of events is small and does not differ significantly from each other. Most parents stated that no event occurred
prior to the first manifestation of autistic symptoms..

Discussion
In this study of children from Central Asia and Eastern Europe, it was found that several prenatal, neonatal, and
postnatal complications are more likely to occur in children later diagnosed with ASD than in healthy children.
In pregnancy, the complications included infection, placental detachment, risk of miscarriage, polyhydramnios, and
vaginal bleeding. Although all other types of complications were not significantly higher in children with ASD, the
overall rate of infection during pregnancy was significantly higher in ASD children compared to healthy children.
Causes of placental abruption are unknown. Among the recognized risk factors are the following, trauma or injury to
the abdomen, rapid loss of the amniotic fluid, infection, and inflammation [13,14].
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The statistical distribution of the types of labor was not different in children diagnosed with ASD and in healthy
children.
The neonatal complications of hypoxia, asphyxia, or presence of active infection were significantly higher among
children with ASD. Jaundice was negatively associated with ASD in this study.
Hypoxia may be caused by maternal anemia, birth asphyxia, lack of adequate fetal monitoring, maternal smoking,
traumatic brain damages, placental abruption, asphyxia, and mother-to-fetus infection [15,16].
Asphyxia may be caused by inadequate oxygen levels in the mother's blood due to heart or respiratory problems
or lowered respirations caused by anesthesia, low blood pressure, inadequate relaxation of the uterus during labor
that prevents oxygen circulation to the placenta, early separation of the placenta from the uterus, compression of the
umbilical cord that decreases blood flow, or poor placental function that may occur with high blood pressure or in
post-term pregnancies, particularly those past 42 weeks [17].
Peculiarities of the first three months of an infant’s life included withdrawnness, frequent episodes of illness, and CNS
damage. The overall number of peculiarities in this period was higher in children with ASD than in healthy children.
Some of the types of CNS damage such as hydrocephalus with asymmetry of the choroid plexus may be due to
infection, hemorrhage, tumor, and inflammation [18,19].
The obtained data shows that the given prenatal and postnatal complications may be considered as possible etiologic and
pathogenetic factors. We analyzed the prenatal, neonatal, and postnatal complications for possible causes, excluding
placental detachment, and the only possible common causes of the complications were infection and inflammation.
Additional studies are needed to confirm the role of infection and inflammation in these complications, but it is
highly likely that infections and inflammation are the main etiologic factors leading to manifested complications in
ASD. The data could contribute to the development of preventive measures and early diagnostic instruments for ASD
detection.

Limitations of the study
This study included a small sample size. For more sophisticated statistical analysis of the prevalence of these
complications, further study with a larger sample size is recommended. The data was collected via surveys, thus
possessing a risk that not all the data is authentic, because participated mothers could forget or confuse some of the
information after the years since the periods, details of which were asked. For more reliable analysis and conclusions,
it is suggested to use medical supporting documents as the data source.

Conclusion
The study showed some differences in the rates of prenatal, neonatal, and postnatal complications between children
diagnosed with ASD and healthy children in Kazakhstan and Ukraine. The mothers of children later diagnosed with
ASD had significantly higher rates of infections (56.2% vs. 24.6%, p<0.001) and placental detachment (9% vs. 3.4%,
p<0.05) during pregnancy than mothers of healthy children. Children later diagnosed with ASD had higher rates of
hypoxia (58.4% vs. 13.5%, p<0.001), asphyxia (23.6% vs. 3.4%, p<0.001), and active congenital infection (15.7%
vs. 1.4%, p<0.001), CNS damage (15.7% vs. 4.3%, p<0.001). Children later diagnosed with ASD were significantly
more often characterized as withdrawn (59.6% vs. 13%, p<0.001), and having frequent episodes of illness (18.1% vs.
3.9%, p<0.001).
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