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Background. The current study is aimed at updating the observational studies on the relationship between threatened abortion and
the risk of ASD. Methods. The search keywords were covered in three electronic databases PubMed, Web of Science, and Scopus
up to April 2022. The modified Newcastle-Ottawa scale (NOS) was applied to detect the quality of epidemiological studies. We
used the chi-square test and the I* statistic to show the heterogeneity among articles. I* more than 50% was considered high
heterogeneity. Egger’s and Begg’s line regression tests were used for evaluating the publication bias. The random-effects model
was applied for the analysis of the findings. The Stata 13.0 software package was applied for analysis and indicated p value less
than 0.05 as a significant level. Results. The pooled analysis reported significant differences between threatened abortion and
the risk of ASD in adjusted studies (OR =1.93; 95% CI: 1.12, 2.73; I =59.5.0%) and in crude studies (OR =2.17; 95% CL:
1.46, 2.88; I> =39.5%). The evidence of publication bias was not found. Conclusions. The findings suggest that threatened

abortion is a risk factor for ASD. As a result, screening tools to detect are necessary in mothers facing a threatened abortion.

1. Introduction

Autism spectrum disorders (ASD) are an evolutionary neu-
rological disease severely limiting social activity. This condi-
tion is becoming more common around the world [1]. These
people struggle with verbal and nonverbal communication,
adaptation skills, and social interactions. The disease is usu-
ally diagnosed in children and causes problems with sensory
processing and cognitive functioning in learning [2]. The
leading cause of the disease is unknown. Although environ-
mental factors play a role in the disease, there is strong evi-
dence that genetic factors also play a role in ASD [3]. Several
studies in this area have been conducted to determine the
effects of factors such as maternal obesity, neonatal icterus,
gender, maternal age, complications, bleeding during preg-
nancy, congenital heart disease (CHD), low birth weight

(less than 2500 grams), drug use during pregnancy, the pres-
ence the umbilical cord around the fetus’s neck, preterm
labor, intrauterine growth retardation (IUGR), no breast-
feeding, and small for gestational age (SGA) [4-8].

The correlation between behavioral and psychiatric
assessments and diagnosis and genetic assessments are
discussed, along with psychiatric treatment and drug
approaches for selecting a medication for treating challeng-
ing behaviors or common comorbidities in ASD. Treatment
varies depending on the patient’s diagnosis, severity, cause,
and comorbidities [9].

Preliminary studies recommend ASD screening in chil-
dren aged 18 to 30 months with the nonsuspected disorder.

On the other hand, early behavioral intervention based
on functional behavior analysis appears to improve cogni-
tive, language, and adaptive skills [9]. This disorder is
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diagnosed based on unusual behavioral evidence, such as
persistent defects in social communication and limited and
repetitive behavioral patterns [10].

Some studies have found a link between the threat of
abortion and the risk of ASD. Threatened abortion has been
linked to an increased risk of ASD [11]. However, other
studies have found no significant link between threatened
abortion and the risk of autism spectrum disorders [12].

Wang et al. conducted a meta-analysis study in 2017.
They discovered that threatened abortion is a risk factor
for autism [13]. However, they searched until October
2016 and included four studies in the meta-analysis. As a
result, the current study is aimed at updating the observa-
tional studies on the relationship between threatened abor-
tion and the risk of ASD.

2. Materials and Methods

Our meta-analysis was performed based on the PRISMA
statement.

2.1. Inclusion and Exclusion Criteria. The epidemiological
studies were included in the present meta-analysis. Examin-
ing the association between threatened abortion and the risk
of ASD among children was conducted based on the PICO
model:

(i) Population: pregnant women
(ii) Intervention: threatened abortion
(iii) Comparison: without threatened abortion

(iv) Outcome: risk of ASD among children

The exposure variable and outcome of interest were
threatened abortion and ASD, respectively. No language,
age, race, publication date, and nationality restrictions were
applied. The exclusion studies were meta-analyses and
review articles, case reports, experimental articles, and letters
to Editor.

2.2. Information Sources and Search. The search keywords
were covered in three electronic databases PubMed, Web
of Science, and Scopus up to April 25, 2022 (threatened
abortion, threatened abortions, abortion threat, threatened
miscarriage, threatened miscarriages, and ASD (autism spec-
trum disorders or autism) (Supplementary File (available
here))). Also, the references were manually checked for
reviewing further studies.

2.3. Study Selection. We merged the search findings with the
Endnote software reference manager, and duplicate studies
were deleted. Also, studies were independently extracted by
the two authors (M.A and E.J), and any disagreement
between the two authors was solved by the supervisor
(F.E). Then, full articles that met the inclusion criteria were
synthesized.

2.4. Data Extraction. Data extracted from full articles were
inserted in the sheet in the Stata software. The data titles
were first author, year of article publication, location, study’s
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design, population, controlling for confounding variables,
child age, and ASD diagnostic criteria.

2.5. Methodological Quality. The modified Newecastle-
Ottawa scale (NOS) was applied to detect the quality of epi-
demiological studies [14]. The NOS consists of 3 items
showing participants selection, comparability of ASD and
non-ASD children, and outcome assessment. The total qual-
ity score is 9 points. Studies with >7 scores were considered
to be of high quality.

2.6. Heterogeneity and Reporting Biases. We used the chi-
square test [15] and the I? statistic [16] to show the hetero-
geneity among articles. I* of more than 50% was considered
high heterogeneity [16]. Egger’s and Begg’s [17] line regres-
sion tests were used for evaluating the publication bias.

2.7. Summary Measures. All findings were considered
dichotomous variables (threatened abortion and ASD chil-
dren). Therefore, they were expressed as the odds ratio
(OR) with 95% confidence intervals (95% ClIs). The
random-effects model was applied for the analysis of the
findings [18]. The Stata 13.0 software package was applied
for analysis and indicated p value less than 0.05 as a signifi-
cant level.

3. Results

In total, 401 publications were included until April 25, 2022.
Due to duplicate records, 15 were removed. Of these, 368
studies were eliminated after the screening stage (title and
abstract reviewing). Eighteen records were included for the
last screening (reading the full papers), four of which were
deemed ineligible. Finally, 12 studies were included in the
present meta-analysis. We identified three cohort studies
[5, 19, 20], seven case-control studies [21-27], and two
cross-sectional studies [12, 28] (Figure 1). The total popula-
tion studied was 394,675. All analyses were published in
English (Table 1).

Among the included studies, one outlier article was not
included in the current meta-analysis because it reported
threatened abortion as a protective factor for ASD
(OR =0.35; 95% CI: 0.12, 0.98) [29].

3.1. Effects of Exposure. Figures 2 and 3 examined the asso-
ciation between threatened abortion and the risk of ASD.
The pooled analysis reported significant differences between
threatened abortion and the risk of ASD in adjusted studies
(OR =1.93; 95% CI: 1.12, 2.73; I> =59.5.0%) and in crude
studies (OR=2.17; 95% CIL. 146, 2.88; I*=239.5%)
(Figure 2).

3.2. Publication Bias. Begg’s and Egger’s methods were used
to detect publication bias. p values for Begg’s and Egger’s
regression were 0.891 and 0.323, respectively. The evidence
of publication bias was not found (Figure 3).

3.3. Quality of the Studies. According to the NOS, six studies
were of high quality, while eight were of low quality
(Table 1).
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FiGUrEe 1: Flowchart of the process selection of the studies.

TaBLE 1: Characteristics of the included studies in the present meta-analysis.

Diagnose method Child age (year)

1** author, publication year ~ Country Design Sample for ASD (mean or range) Estimate Adjustment Quality
Glasson [5] Australia Cohort 1778 ICD-9 <3 OR  Crude/adjust High
Langridge [19] Australia Cohort 383153  DSM-IV-TR Not reported OR  Crude/adjust High
Zhang [26] China Case-control 190 ICD-10/CARS 3-21 OR Crude Low
El-Baz [22] Egypt Case-control 200 DSM-1V 2-13 OR Crude Low
Ou [25] China Case-control 2306 DSM-IV-TR Not reported OR Adjust High
Duan [21] China Case-control 572 DSM-IV/CARS I:iigg:zlg OR  Crude/adjust High
Hadjkacem [12] Tunisia  Cross-sectional 101 CARS 3-12 OR Crude Low
Fatema Ferdousy [23] Bangladesh ~ Case-control 200 ADOS 2-6 OR Crude Low
Varcin [20] Australia Cohort 1238 Not reported 19-20 OR Crude High
Khanum [24] Bangladesh  Case-control 297 Not reported 5-7 OR Crude Low
Say [26] Turkey Case-control 180 DSM-IV 3-18 OR Crude Low
Cui [28] China Cross-sectional 318 DSM-1V 2-6 OR Crude Low

ASD: autism spectrum disorders; OR: odds ratio; ICD: International Classification of Diseases; DSM: Diagnostic and Statistical Manual of Mental Disorders;
CARS: Childhood Autism Rating Scale; ADOS: Autism Diagnostic Observation Schedule.

4. Discussion

The current meta-analysis was based on observational stud-
ies examining the association between threatened abortion
and the risk of ASD. According to our findings, threatened
abortion is a risk factor for ASD.

ASD is one of the reasons for mental retardation in chil-
dren worldwide. Investigating potential factors may be effec-
tive in preventive measures. This association between
threatened abortion and the risk of ASD is described by
the issue that threatened abortion is related to many devel-
opmental disorders in children. It is most likely to be caused
by factors such as genetic defects in the fetus, maternal
reproductive environment, maternal exposure to toxic,
harmful substances, and physical and mental trauma [25].
However, the link between threatened abortion and ASD

may be complicated, and the two phenomena may share sev-
eral common risk factors.

Fetal hypoxia may be at the root of a possible link
between threatened abortion due to bleeding and ASD. It
has also been reported that hypoxia following a threatened
abortion increases dopaminergic activity. Therefore, there
is evidence of dopamine overactivation in ASD children
[30]. However, potential genetic and environmental factors
are possible causes of threatened abortion.

Wang et al. conducted a systematic review of the rela-
tionship between prenatal, perinatal, and postnatal factors
with autism in 2017 [13]. Threatened abortion was found
to be a risk factor for ASD (RR =2.28; CI: 1.63, 3.19). They
searched until October 2016 and included four studies with a
sample size of 2249 participants. Therefore, this issue may
increase random bias.
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Study %
ID OR (95% CI) Weight
Adjusted
Glasson, 2004 - 2.09 (1.32,3.32) 27.48
Langridge, 2013 * 1.27 (0.87, 1.85) 40.53
Ou, 2019 hal 2.37 (1.61, 3.50) 28.79
Duan, 2014 — 490 (1.22,9.92) 3.20
Subtotal (I-squared = 59.5%, p = 0.060) <> 1.93(1.12,2.73) 100.00
Crude
Glasson, 2004 - 2.41 (1.56, 3.73) 17.44
Langridge, 2013 *> 1.53 (1.08, 2.17) 25.15
Zhang, 2010 * >6.09 (1.31, 28.27) 0.27
El-Baz, 2011 - 2.35(0.78,7.03) 4.37
Duan, 2014 — 7.31 (1.20, 8.89) 3.04
Hadjkacem, 2016 —— 1.78 (0.40, 7.87) 3.20
Ferdosa Ferdousy, 2019 >~ 0.82 (0.24, 2.79) 15.09
Varcin, 2019 —— 2.53 (1.15, 5.56) 7.64
Khanum, 2015 —— 3.23(1.94, 5.37) 10.81
Say, 2016 - 1.97 (0.84, 4.61) 9.54
Cui, 2021 —— 3.26 (1.26, 8.43) 3.44
Subtotal (I-squared = 39.5%, p = 0.085) <> 2.17 (1.46, 2.88) 100.00
NOTE: Weights are from random effects analysis
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FIGURE 2: The meta-analysis of the threatened abortion and the risk of ASD.

One outlier study [29] was not included in the current
meta-analysis because it reported threatened abortion as a
protective factor for ASD. It was an unmatched case-
control study that compared 56 children with ASD to 85
controls. Threatened abortion was found to be a risk factor
for ASD (OR =0.35; 95% CI: 0.12, 0.98). In addition, the
quality of this study was poor. The small number of ASD
children and the unmatched case-control study raise the
possibility of random error, which could explain the differ-
ence between the two groups.

5. Limitations

Some limitations cannot be controlled by the authors. The
majority of the studies were of low quality and had not been
adjusted for confounding variables. Also, we must consider
the possibility that the missing data from the gray literature
will affect the overall effect estimates.

6. Strength Points

According to the current meta-analysis, which included
394,675 participants, threatened abortion is a risk factor
for autism spectrum disorders in children. In addition, evi-
dence of publication bias was not found.

Begg’s funnel plot with pseudo 95% confidence limits

log (OR threatened abortion)
1
o
o

s.e. of: log (OR threatened abortion)
FiGURrk 3: The publication bias of the threatened abortion and the
risk of ASD.
7. Conclusion

The findings suggest that threatened abortion is a risk factor
for ASD. As a result, screening tools to detect are necessary
in mothers facing a threatened abortion.
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PRISMA: Preferred Reporting Items for Systematic

Reviews.

Data Availability

Access to data is possible with permission from the respon-
sible author.

Conflicts of Interest

The authors declared there was no conflict of interest.

Acknowledgments

This article is MD thesis and was supported by the Hamadan
University of Medical Sciences with code 1400120310370.

Supplementary Materials

Strategy search. (Supplementary Materials)

References

(1]

(3]

R. Raz, A. L. Roberts, K. Lyall et al., “Autism spectrum disorder
and particulate matter air pollution before, during, and after
pregnancy: a nested case—control analysis within the Nurses’
Health Study II cohort,” Environmental Health Perspectives,
vol. 123, no. 3, pp. 264-270, 2015.

G. S. Moore, A. W. Kneitel, C. K. Walker, W. M. Gilbert, and
G. Xing, “Autism risk in small- and large-for-gestational-age
infants,” American Journal of Obstetrics and Gynecology,
vol. 206, no. 4, pp. 314.e1-314.e9, 2012.

S. Buchmayer, S. Johansson, A. Johansson, C. M. Hultman,
S. Pr, and S. Cnattingius, “Can association between preterm
birth and autism be explained by maternal or neonatal mor-
bidity?,” Pediatrics, vol. 124, no. 5, pp. e817-e825, 2009.

H. J. Larsson, W. W. Eaton, K. M. Madsen et al., “Risk factors
for autism: perinatal factors, parental psychiatric history, and
socioeconomic status,” American Journal of Epidemiology,
vol. 161, no. 10, pp. 916-925, 2005.

E. . Glasson, C. Bower, B. Petterson, N. de Klerk, G. Chaney,
and J. F. Hallmayer, “Perinatal factors and the development
of autism,” Archives of General Psychiatry, vol. 61, no. 6,
pp. 618-627, 2004.

E. Jenabi, S. Bashirian, F. Fariba, and B. Naghshtabrizi, “The
association between congenital heart disease and the risk of
Autism spectrum disorders or attention-deficit/hyperactivity
disorder among children: a meta-analysis,” European Journal
of Psychiatry, vol. 36, no. 2, pp. 71-76, 2022.

E. Jenabi, S. Bashirian, Z. Asali, and M. Seyedi, “Association
between small for gestational age and risk of autism spectrum
disorders: a meta-analysis,” Clinical and Experimental Pediat-
rics, vol. 64, no. 10, pp. 538-542, 2021.

E. Jenabi, S. Bashirian, A. M. Salehi, and S. Khazaei, “Associa-
tion between previous abortion history and risk of autism
spectrum disorders among offspring: a meta-analysis,” Clinical
and Experimental Pediatrics, 2022, (In Press).

K. E. Sanchack and C. A. Thomas, “Autism spectrum disorder:
primary care principles,” American Family Physician, vol. 94,
no. 12, pp. 972-979, 2016.

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

[25]

[26]

A. Masi, M. M. DeMayo, N. Glozier, and A. J. Guastella, “An
overview of autism spectrum disorder, heterogeneity and
treatment options,” Neuroscience Bulletin, vol. 33, no. 2,
pp. 183-193, 2017.

J. Ou, R. Liu, Y. Shen, K. Xia, and J. Zhao, “An overview on
genetic and environmental risk of autism spectrum disorder,”
Global Clinical and Translational Research, vol. 1, no. 1, 2019.
I. Hadjkacem, H. Ayadi, M. Turki et al., “Fatores pre-natais,
perinatais e pos-natais associados ao transtorno do espectro
do autismo,” Jornal de Pediatria, vol. 92, no. 6, pp. 595-601,
2016.

C. Wang, H. Geng, W. Liu, and G. Zhang, “Prenatal, perinatal,
and postnatal factors associated with autism,” Medicine,
vol. 96, no. 18, article e6696, 2017.

G. A. Wells, B. Shea, D. O'Connell et al., The Newcastle-Ottawa
scale (NOS) for Assessing the Quality of Nonrandomised Studies
in Meta-Analyses, Ottawa Hospital Research Institute,
Ontario, 2009, http://www.ohri.ca/programs/clinical
epidemiology/oxford.asp.

J. P. T. Higgins and S. Green, “Cochrane handbook for system-
atic reviews of interventions Version 5.0.0 [updated February
2008]: The Cochrane Collaboration,” 2008, http://www
.cochrane-handbook.org.

J. P. T. Higgins, S. G. Thompson, J. J. Deeks, and D. Altman,
“Measuring inconsistency in meta-analyses,” BM], vol. 327,
no. 7414, pp. 557-560, 2003.

M. Egger, S. G. Davey, M. Schneider, and C. Minder, “Bias in
meta-analysis detected by a simple, graphical test,” BM],
vol. 315, no. 7109, pp. 629-634, 1997.

R. Der Simonian and N. Laird, “Meta-analysis in clinical tri-
als,” Controlled Clinical Trials, vol. 7, no. 3, pp. 177-188, 1986.
A.T. Langridge, E. J. Glasson, N. Nassar et al., “Maternal con-
ditions and perinatal characteristics associated with autism
spectrum disorder and intellectual disability,” PLoS One,
vol. 8, no. 1, article e50963, 2013.

K.J. Varcin, J. P. Newnham, and A. J. Whitehouse, “Maternal
pre-pregnancy weight and autistic-like traits among offspring
in the general population,” Autism Research, vol. 12, no. 1,
pp. 80-88, 2019.

G. Duan, M. Yao, Y. Ma, and W. Zhang, “Perinatal and back-
ground risk factors for childhood autism in Central China,”
Psychiatry Research, vol. 220, no. 1-2, pp. 410-417, 2014.

F. El-Baz, N. A. Ismael, and S. M. N. El-Din, “Risk factors for
autism: an Egyptian study,” Egyptian Journal of Medical
Human Genetics, vol. 12, no. 1, pp. 31-38, 2011.

S. Fatema Ferdousy, M. M. Rahman, K. F. Shaheen Akhter,
and M. Mannan, “Perinatal and socio-economic risk factors
of autism in children attending a tertiary care hospital in Ban-
gladesh,” Education, vol. 29, no. 71, p. 40, 2019.

F. Khanom, S. Chowdhury, S. Ahmed, and M. Ahmed, “Asso-
ciation of autism spectrum disorder and gestational diabetes
mellitus of mothers in Bangladesh,” Indian Journal of Commu-
nity Health, vol. 27, no. 3, pp. 391-397, 2015.

J. Ou, R. Liu, Y. Shen, K. Xia, and J. Zhao, “An overview of
genetic and environmental risk of autism spectrum disorder,”
Global Clinical and Translational Research, vol. 1, pp. 37-44,
2019.

G. N. Say, K. Karabekiroglu, Z. Babadagi, and M. Yiice,
“Maternal stress and perinatal features in autism and attention
deficit/hyperactivity ~ disorder,” Pediatrics International,
vol. 58, no. 4, pp- 265-269, 2016.


https://downloads.hindawi.com/journals/bmri/2023/5249585.f1.docx
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.cochrane-handbook.org
http://www.cochrane-handbook.org

(27]

(28]

(29]

(30]

X. Zhang, C.-C. Lv, J. Tian et al., “Prenatal and perinatal risk
factors for autism in China,” Journal of Autism and Develop-
mental Disorders, vol. 40, no. 11, pp. 1311-1321, 2010.

L. Cui, W. Du, N. Xu et al., “Impact of microRNAs in interac-
tion with environmental factors on autism spectrum disorder:
an exploratory pilot study,” Frontiers in Psychiatry, vol. 12,
2021.

L. Qutranji, T. Alkayyali, W. Alkhateeb et al., “Evaluation of
the relationship between environmental factors, nutrition,
and metabolic changes in children diagnosed with autism in
North Cyprus: a case-control study,” Cureus, vol. 13, no. 8,
2021.

F. H. Previc, “Prenatal influences on brain dopamine and their
relevance to the rising incidence of autism,” Medical Hypothe-
ses, vol. 68, no. 1, pp. 46-60, 2007.

BioMed Research International



	The Association between Threatened Abortion and the Risk of Autism Spectrum Disorders among Children: A Meta-Analysis
	1. Introduction
	2. Materials and Methods
	2.1. Inclusion and Exclusion Criteria
	2.2. Information Sources and Search
	2.3. Study Selection
	2.4. Data Extraction
	2.5. Methodological Quality
	2.6. Heterogeneity and Reporting Biases
	2.7. Summary Measures

	3. Results
	3.1. Effects of Exposure
	3.2. Publication Bias
	3.3. Quality of the Studies

	4. Discussion
	5. Limitations
	6. Strength Points
	7. Conclusion
	Abbreviations
	Data Availability
	Conflicts of Interest
	Acknowledgments
	Supplementary Materials



