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Abstract

Background

Evidence regarding the relation between fetal distress and development of autism spectrum disorders
(ASD) among children is rare. Therefore, this systematic review and systematic review and meta-
analysis was conducted to assess the relation between fetal distress and ASD among children with
stronger evidence.

Materials and Methods: In this systematic review and meta-analysis, Medline, Scopus, Web of
Science and Google Scholar were searched using the relevant keywords on observational studies from
inception to October 2020 without any language restriction by two independent authors. The pooled
odds ratios (OR), and 95% confidence intervals (CI) were calculated from eligible studies used as
random effect estimates of association among included studies. The inconsistency across results of
studies was quantified using I? statistic. Data were analyzed using Stata software version 13.0.

Results: From 341 identified studies, eight studies (684,262 individuals) were included in the meta-
analysis. The pooled estimates of OR did not show a significant association between fetal distress and
the risk of ASD among children, respectively (OR = 1.27, 95% CI = 0.88 to 1.67). There was medium
heterogeneity among included studies (1>=50.4%, P=0.049).

Conclusion

Our findings showed that fetal distress was not a risk factor for ASD among children. In a comparison
to the previous meta-analysis, this study provides the most up-to-date evidence supporting a lack of
significant association between fetal distress and ASD. Here, the association between fetal distress
and ASD is still under discussion so that, further researches and umbrella reviews are needed.
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1- INTRODUCTION

Autism spectrum disorder (ASD) is a
complex disease of neurodevelopment.
ASD is one of the most common
childhood diseases. In terms of clinical
symptoms, the disease ranges from mild to
severe. The global prevalence of the
disease is estimated to be 0.62% (1). The
financial burden that the disease imposes
on the health system, along with
insufficient knowledge of the
epidemiology, etiology and natural history
of the disease, has complicated the
situation (2). The causal mechanism of
ASD is still not well understood. ASD is a
multifactorial disorder that is caused by
genetic and environmental factors (3).
According to the literature, 35 to 40
percent of autism is related to genetic
factors, and the remaining 60 to 65 percent
is probably due to other factors, such as
environmental  factors in  prenatal,
perinatal, and postnatal conditions (4, 5).

The results of studies show that high
parental age, gestational hypertension, risk
of miscarriage, fetal failure, cesarean
delivery and low birth weight are
associated with an increased risk of ASD
(6-8). There have been several studies on
the association of fetal distress with autism
with conflicting results (9-16). These
contradictory results can be explained by
different study methods, not comparable
comparison groups, race and region,
differences in study sample size and
exposure assessment method. Therefore,
conducting a meta-analysis is necessary to
pool inconsistent data from these studies
and to reach a more definitive conclusion.

The association between some explanatory
variables with the increased risk of ASD
has been shown previously through
systematic-review and  meta-analysis
studies (17-20); although the previous
meta-analysis (7) showed that fetal distress
is associated significantly with a 52%
increase in the risk of ASD, in this meta-
analysis only four studies were included
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which had potential impact on the overall
effect estimates. Therefore, we performed
this meta-analysis to assess the association
between fetal distress and ASD among
children with stronger evidence.

2- MATERIALS AND METHODS

A systematic review study was
performed using published Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement
checklist (21).

2-1. Inclusion criteria

All  observational studies that have
examined the association between fetal
distress and the risk of autism were
included.

2-2. Exclusion criteria

The case series, animal studies, letter to
editor, medical hypotheses, randomized
clinical trial studies and studies of
unrelated exposures were excluded.

2-3. Study selection

The Medline (via PubMed), Scopus, Web
of Science and Google Scholar were
searched using the key words "autism or
autism spectrum disorder or ASD" in
combination with "fetal distress" limited to
peer-reviewed studies published in any
language until October 2020. The literature
search sought to identify all observational
studies that have examined the association
between fetal distress and the risk of
autism. A total of 48 additional potential
studies were identified after screening the
reference lists of studies.

2-4. Data collection process

The method of data collection, abstraction
and quality control of articles has been
reported in previous studies (22-24). The
following data for each study was
recorded: (a) study design (cohort or case
control); (b) sample size; (c) comparison
group description (e.g., control subjects,
healthy versus abnormal control subjects,
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and diagnosis of abnormal control
subjects); (d) autism diagnostic criteria and
mode of reporting (e.g., Diagnostic and
Statistical Manual of Mental Disorders—
Fourth Edition (DSM-IV), International
Classification of Diseases, 9" Revision,
International Classification of Diseases,
10" Revision, medical record review,
physician assessment, and diagnostic
measures used); (e) covariates in
multivariate models; and (f) study results,
including  indicators  of  statistical
significance, prevalence of exposures
among case and control neonates, rates or
risks of autism across exposure levels,
relative risks (RRs), and 95% confidence
intervals (Cls). These stages were
conducted by two authors (EJ and SK).
Any disagreement was resolved by
discussion between the two authors.

2-5. Risk of bias in individual studies

The studies were divided into two
categories based on the quality of reporting
using Newcastle-Ottawa Scale (NOS) (25)
with items as follows by two authors: (a)
scores of the studies were categorized into
low quality (<7 points), and (b) high
quality (>7 points).

2-6. Synthesis of results

The pooled odds ratios (OR), and 95%
confidence intervals (Cl) were calculated
from eligible studies used as random effect
estimates of association among included
studies. Output was reported as overall
odds ratio (OR) with 95% confidence
interval (95%  CI).The  statistical
heterogeneity was performed using the
Chi-square test at the 5% significance level
(P< 0.05. We quantified the
inconsistency across results of studies
using 12 statistic. We quantified the
inconsistency across results of studies
using 12 statistic. Since the studies were
homogenous (12<50%), a fixed effect
model was used, otherwise, random effect
model was employed for the analyses.
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Publication bias was assessed to examine
the association between study size and
fetal distress exposure by conducting two
tests, Begg and Egger (26). The p-value
<0.05 was considered significant for
publication bias. The current meta-analysis
was conducted using Stata software
version 13 (Stata Corp, College Station,
TX, USA).

3- RESULTS
3-1. Description of studies

In total, 341 studies were identified in
the initial search through database
searching and other sources. Among these,
56 duplicate articles were excluded. In
total, 270 studies were excluded after
reviewing the studies by title and abstract
and 7 studies after reviewing the full paper
were excluded. Eventually, eight studies
(total samples= 684,262) were included in
the present analysis (Figure.l). The
included studies were the four studies
cohort (9-12), three studies case-control
(13-15) and one study cross-sectional (16).
The confounder variables of the
association between fetal distress and the
risk of ASD among children were maternal
age at delivery, gender, birth year, mode of
delivery and gestational age.

3-2. Synthesis of results

The forest plot in Figure.2 shows the
association between fetal distress and the
risk of ASD among children. The pooled
estimates of OR did notshow a significant
association between fetal distress and the
risk of ASD among children, respectively
(OR = 1.27, 95% CI = 0.88 to 1.67).
There was medium heterogeneity among
included studies (1°=50.4%, P=0.049).
There was not publication bias among
studies based on Begg’s and Egger’s tests.
The P- value for Begg’s and Egger’s
regression were 0.322 and 0.301,
respectively.
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Fig.2: Forest plot of the association between fetal distress and ASD.

ASD: Autism spectrum disorder.
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3-3. Sensitivity analysis

There was evidence of medium
heterogeneity among the included studies
to investigate the association between fetal
distress and the risk of ASD (12 = 50.4%).
Therefore, we performed the sensitivity
analysis based on the sequential algorithm
to obtain homogeneity among studies. We
obtained the minimum desired 12 threshold
(50%) by omitting one study from the

Table-1: Summary results of the included studies

meta-analysis. By removing a study (11),
heterogeneity reached 0.13%. (OR= 1.24;
95% ClI: 1.03-1.45; 1> = 0. 5%, P=0.33).

3-4. Quality of the studies

The quality of the studies in the present
meta-analysis was categorized into seven
studies with high quality and one study
with low quality according to the NOS
Scale (25) (Table.1, 2).

. - -
L ot Country | Design Sample Estimate | Adjustment L S Al.ms.m Quality
Year size /mean criteria
George, India Case- 343 OR Crude 2-6 CARS | Low
2014 control
Gregory, USA | Cohort | 625042 | OR Adjusted | No data No 1 iigh
2013 criteria
%gsdfson, Australia Cohort 1774 OR Adjusted <3 DSM-IV | High
Bilder, Case- . .
2009 USA control 26315 OR Adjusted 8 ICD-9 High
Hadjkacem, - Cross- . .
2016 Tunisia sectional 101 OR Adjusted 3-12 DSM-IV High
Wu, 2017 China Cohort 27940 OR Crude 3 DSM-IV High
. Case- .
Sugie, 2005 Japan 1805 OR Crude >3 DSM-IV High
control
%ﬁrg'da'a' India Cohort 942 OR Adjusted 2-10 ICD-10 | High
Table-2: Quality of studies based on the Newcastle Ottawa Scale (NOS) (25).
First author, Year Selection Comparability Exposure Totzlcg;::hty
George, 2014 3 1 2 6
Gregory, 2013 3 2 3 8
Glasson, 2004 3 2 3 8
Bilder, 2009 4 2 3 9
Hadjkacem, 2016 3 2 3 8
Wu, 2017 3 1 3 7
Sugie, 2005 4 1 2 7
Mamidala, 2013 4 2 2 8
Low quality (<7 points), and high quality (=7 points).
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3-5. Subgroup analysis

The subgroup analyses were performed
based on the adjusted form. The OR in
crude and adjusted studies was reported

0.92 (0.23, 1.61), and 1.37 (0.86, 1.81),
respectively. The significant association
was not found in the adjusted and crude
studies (Table.3).

Table-3: Results of subgroup analysis of fetal distress and autism spectrum disorders (ASD).

Studies
Subgroups
No. of OR (95% CI) 2
studies
Adjusted form
Crude analysis 3 0.92 (0.23,1.61) 0.0%
Adjusted analysis 5 1.37 (0.86, 1.81) 66.0%

OR: Odds ratio, Cl: Confidence interval, 12: | square, ASD: Autism spectrum disorder.

4- DISCUSSION

This systematic review and meta-
analysis evaluated the relationship between
fetal distress and ASD. Results of the
study indicate fetal distress may be
associated with a 37% increase in the risk
of ASD, although there was not enough
evidence to conclude a statistically
significant association. Potential
mechanism of the effect of fetal distress on
ASD could be explained in several ways.
Regardless of the direct effect of fetal
distress and hypoxia on early brain
development, fetal distress can be
considered as a mediator variable that lies
between the risk factors and ASD in a
causal pathway. For example, there is a
positive association between maternal
diabetes and fetal distress (27), so maternal
diabetes may result in fetal oxidative stress
at first and developing fetal distress may
positively influence the later risk of ASD.
Etiology of autism is a constellation of
genetic and environmental factors (28-31).
Some of the most important environmental
factors are prenatal, perinatal and postnatal
factors that have been investigated in
recent years (9, 16). In a comprehensive
meta-analysis by Gardener et al. (32),
several perinatal and neonatal risk factors
are introduced as risk factors for ASD. In
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the previous meta-analysis including 4
articles, fetal distress was indicated to be
associated significantly with a 52%
increase in the risk of ASD. We
performed an updated meta-analysis of
published studies involving 8 articles with
a total of 684,262 participants and in
contrast, a non-significant  positive
association was found between fetal
distress and ASD. Although the quality
assessment in our study has demonstrated
that the majority of included studies are
good in quality, results from a meta-
analysis of observational studies should be
interpreted with caution because such
studies are prone to several biases such as
selection bias, information bias and
confounding (33). For example, in one
study included in this meta-analysis e.g.,
Glasson et al. (9), all potential confounders
e.g., socioeconomic status (34) or maternal
smoking during pregnancy (35), were not
considered in the multivariable analysis. In
another included case control study by
George et al. (14) in which data about
antenatal, natal and postnatal risk factors
were obtained using an interview with
mothers, it was suggested that this can
induce the risk of interviewer bias and
information  bias in  the  results.
Heterogeneity in the adjusted effect
estimates across studies was high (12>0.50)
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(36). Here, possible explanations of
observed heterogeneity in the meta-
analysis needs to be investigated using
subgroup analysis and meta-regression.
Addressing the heterogeneity in this meta-
analysis was not performed due to a
limited number of studies included when
defining subgroups. Therefore, the effect
of fetal distress on the ASD needs to be
further examined according to important
covariates such as other pregnancy
complications. Our study was an updated
meta-analysis on published studies about
the association between fetal distress and
ASD involving a large number of
participants, however, several limitations
should be considered. Although the
publication  bias  was  statistically
insignificant, the chance of selection bias
due to missing potential studies should be
considered because some databases such
as EMBASE and Cochrane library as well
as grey literature were not considered for
searching. Generalizability of the results is
limited because the effect measures from
studies conducted in the have contributed
the most in the estimation of merged OR.

5- CONCLUSION

Our findings showed that fetal distress
was not a risk factor for ASD among
children. In a comparison of the previous
meta-analysis (32), this work provides the
most up-to-date evidence supporting a lack
of significant association between fetal
distress and ASD. Here, the association
between fetal distress and ASD s still
being debated so that, further researches
and umbrella reviews are needed.
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