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Purpose: In this meta-analysis, relevant case-control and cohort studies were pooled to evaluate the 
association between preeclampsia and the risk of autism spectrum disorders (ASDs) in children.
Methods: A search for relevant studies in major databases, including Web of Science, PubMed, and 
Scopus, was performed up to May 2018. The odds ratios (ORs) or rate ratios (RRs) with 95% confidence 
intervals (CIs) were extracted from eligible studies to determine the association among studies. 
Results: The pooled estimates of ORs and RRs indicated a significant association between preeclampsia 
and ASD [(OR, 1.36; 95% CI, 1.12–1.60) and (RR, 1.30; 95% CI, 1.20–1.41)].
Conclusions: Despite existing controversy, our findings indicated that preeclampsia was associated 
with an increased risk of ASD among children.
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Introduction 

The autism spectrum disorders (ASDs) among children are a group of neurodevelopmental 
disorders that is associated with restricted, repetitive patterns of behavior, verbal and nonverbal 
communication and social interaction.1) ASD prevalence has been on the rise in most societies.2) 
The pathogenesis of ASD is far from fully known. The evidence show the genetic factors 
interfere, but non genetic exposures are probably is affected in the pathogenesis of ASD.3) Some 
studies reported a number of factors associated with ASD in child such as preterm birth, high 
maternal age, child sex, small-for-gestational age, low birth weight, hemorrhage antenatal, low 
Apgar scores, medication use during pregnancy, maternal obesity and in firstborn infants.3,4)

Preeclampsia is a pregnancy complication recognized by hypertension and proteinuria.5) It is 
a multisystem disorder that is associated with epigastric pain, liver disease, thrombocytopenia, 
kidney dysfunction, red blood cell breakdown, and low blood platelet count.6) Preeclampsia 
affect 2%–8% of all pregnancies.7)

The association between preeclampsia and risk of ASD has been investigated in previous 
studies.8) Although in some studies there was a significant association, but the results among 
them are inconsistent. A meta-analysis by Wang et al.9) in 2017 reported that preeclampsia 
is a risk factor for ASD among children (rate ratio [RR], 1.50; 95% confidence interval [CI], 
1.04–2.18). However, this meta-analysis was restricted to 3 cohort studies that may decrease 
the generalizability of the findings.

This meta-analysis pooled all of case-control and cohort studies to obtain the association 
between preeclampsia and the risk of ASD children.
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25%, 50%, and 75%, respectively.
Publication bias was assessed using the Begg and Egger’s regres

sion model and by visually funnel plot asymmetry in included stud
ies.12) All meta-analysis were done using Stata ver. 13 (Stata Corp., 
College Station, TX, USA). 

Results

1. Description of studies
A total of 524 citations yielded in the initial search based on search 

strategy. After excluding 145 duplicate articles, we have identified 
articles by title, abstract and full text. At the end, 16 full paper studies 
were excluded (inappropriate study design, 9; no available sufficient 
data, 2; and different outcome evaluation method, 5) and 13 articles 
were retrieved for inclusion in the analysis. The diagram of included 
studies and selection process are presented in Fig. 1. 

Finally, seven studies case-control3,4,13-17) and sex studies cohort 
2,18-22) were included in the meta-analysis with sample size 7,561,696  
participants. 

The confounder variables of the association between preeclampsia 
and ASD among children were including maternal age, child’s sex, 
birth year, year of diagnosis, birth hospital, education, psychosocial 
disorder during pregnancy, parity, smoking, prenatal care and race 
(Table 1). 

2. Main analysis 
A forest plot of the association between preeclampsia and ASD 

is presented in Fig. 2. The pooled estimates of OR and RR indicated 
a significant association between preeclampsia and ASD among 
children, respectively (OR, 1.36; 95% CI, 1.12–1.60) and (RR, 1.30; 
95% CI, 1.20–1.41). There was medium heterogeneity among the 

Materials and methods

1. Data sources
This meta-analysis was carried out for assessment of the asso

ciation between preeclampsia and the risk of ASD among children. 
PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) statement checklist was applied for reporting of 
systematic reviews to enhance the quality of reporting.10) We have 
performed search for finding relevant studies in major electronic 
databases including; Web of Science, PubMed, and Scopus up to 
May 2018.

2. Search strategy
The search strategy was conducted by main terminology inclu

ding: (Autism or Autism spectrum disorders) and (pre-eclampsia 
or preeclampsia or pregnancy toxemia or edema-proteinuria-hy
pertension gestosis).

3. Inclusion and exclusion criteria
Inclusion criteria were all studies of case-control or cohort that 

identified association between preeclampsia and the risk of ASD 
among children by systematic search were enrolled. Also, autism 
diagnostic criteria in present study were International Classification 
of Diseases (ICD-9), (ICD-10); Diagnostic Statistical Manual of 
Mental Disorders (DSM-4), (DSM-5); the Autism Diagnostic Ob
servation Schedule (ADOS) and Autism Diagnostic Interview-
Revised. Review studies, meta-analysis studies, letter to the review, 
and case report were exclusion criteria in our study.  

4. Data extraction 
Two investigators screened title, abstract and full text of stud

ies independently and irrelevant studies were excluded. The 
disagreements were resolved by discussion between the 2 authors. 
The data in extraction form were; publications year, first author, 
country, study design, ASD and preeclampsia diagnostic criteria, 
sample size, odds ratio (OR), RR, and their associated 95% CIs, 
adjustment, child's age, and quality of studies.

5. Quality assessment
The quality assessment of the selected observational studies was 

carried out by using an improved Newcastle-Ottawa Scale.11) Two 
investigators conducted the quality assessment independently and 
scores of the papers were divided to low quality (<7 points) and high 
quality (≥7 points). 

6. Statistical analysis
The ORs or RRs with 95% CI were enrolled from eligible studies 

used as the common measure of association among studies. Hetero
geneity across studies was addressed using the I2 statistic. The low, 
medium, and high heterogeneity was defined by I2 statistic values of 

Identification 

No of records identified through 
database searching (n=265) 

No of additional recodes identified 
through other sources (n=259) 

Screening 

No of duplicates removed (n=145) 

No of records screened (n=379) No of records excluded (n=350) 

Eligibility 

No of full-text articles assessed for  
eligibility (n=295) 

No of full-text articles excluded,      
with reasons (n=16) 

Included 

No of studies included in qualitative synthesis (n=13) 

No of studies included in quantitative synthesis (meta-analysis) (n=13) 

Fig. 1. Flowchart of studies extracted through different phases of the 
systematic review.
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studies reported risk ASD among children based on OR (I2=59.8%, 
P=0.148). There was not heterogeneity in the studies reported risk 
ASD among children based on RR (I2=0.0%, P=0.659).

The funnel plot graph does not show the clear asymmetry and 
The P value for Begg and Egger regression were 0.393 and 0.282, 
respectively. Therefore, we did not observe evidence of the publi
cation bias (Fig. 3). 

3. Subgroup analysis
We carried out subgroup analyses based on type of results pre

sentation (crude/adjusted). The pooled results based on OR in crude 
and adjusted studies were 1.47 (0.79–2.16) and 1.38 (1.13–1.63), 
respectively. There was significant association in adjusted studies in 
Table 2. 

Table 1. Summary results of the included studies

Study Country Design Sample size Estimate Adjustment Child age in diagnose (yr) Autism criteria Quality

Buchmayer3), 2009 Sweden Case-control 7,296 Odds ratio Adjusted <10 ICD-9, ICD-10 High

Burstyn18), 2010 Canada Cohort 218,890 Rate ratio Adjusted 4–5 ICD-9 High

Getahun2), 2017 USA Cohort 401,660 Hazard ratio Adjusted 3–17 DSM-4 High

Glasson4), 2004 Australia Case-control 1,778 Odds ratio Crude <3 DSM High

Larsson13), 2005 Sweden Case-control 18,148 Rate ratio Crude <24 ICD-10 High

Mann19), 2010 USA Cohort 87,677 Odds ratio Adjusted No data ICD-9 High

Raz14), 2015 USA Case-control 1,767 Odds ratio Crude 3 DSM-5 High

Walker15), 2015 USA Case-control 867 Odds ratio Crude 2–5 ADOS; ADI-R High

Moore20), 2012 USA Cohort 5,979,605 Odds ratio Adjusted 3 ICD-9 High

Xiang21), 2015 USA Cohort 332,323 Hazard ratio Adjusted 2.2–8.7 ICD-9 High

Polo-Kantola16), 2014 Finland Case-control 5,168 Odds ratio Adjusted 2–17 ICD-9, ICD-10 High

Langridge17), 2013 Australia Case-control 377,708 Odds ratio Adjusted 1–17 DSM-5, DSM-4 High

Dodds22), 2011 Canada Cohort 128,809 Relative risk Adjusted No data ICD-9, ICD-10 High

ICD-9, International Classification of Diseases, 9th revision; ICD-10, International Classification of Diseases, 10th revision; DSM-5, Diagnostic Statistical Manual of 
Mental Disorders; ADOS, Autism Diagnostic Observation Schedule; ADI-R, Autism Diagnostic Interview-Revised.

Fig. 2. Forest plot of the association between preeclampsia and autism spectrum disorders among 
children. OR, odds ratio; RR, rate ratio; CI, confidence interval.
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4. Quality of the studies
The present epidemiologic surveys had high-quality according to 

the Newcastle-Ottawa Scale (Table 1).  

Discussion

The present meta-analysis is based on epidemiologic studies 
published regarding risk of ASD among children born from mothers 
with history of preeclampsia in pregnancy. We found a significant 
association between preeclampsia and the risk of ASD among 
children. Pooled estimate of included studies showed that OR and 
RR of ASD among children of preeclampsia mothers were 1.36 and 
1.30, respectively. There was no heterogeneity in the studies reported 
risk of ASD among children based on RR, while heterogeneity in the 
studies reported risk of ASD based on OR was medium.

A meta-analysis by Wang et al.9) in 2017 showed that preeclamp
sia is a risk factor for ASD among children (RR, 1.50; 95% CI, 1.04– 
2.18). In this meta-analysis, data from 3 cohort studies were ex
tracted. However, this meta-analysis was restricted to cohort studies. 
Also, low number of studies may decrease the generalizability of the 
findings.

Other study in this field by Dachew et al.23) in 2018 was con
ducted. They reported that preeclampsia increased the risk of ASD 
in offspring (RR, 1.32; 95% CI, 1.20–1.45). This study searched 

databases of PubMed, Embase, and PsycINFO. However, this meta-
analysis limited to 10 studies and they was not searched Web of 
Science database.

Preeclampsia is a multisystem disorder in second half of preg
nancy that can lead to mother and fetal morbidity and mortality. 
The main cause of preeclampsia is unknown. Some studies con
firmed the hypothesis that longer exposure to preeclampsia during 
early fetal life may associate with neurodevelopment at a critical 
stage of fetal brain development that may lead to behavioral disor
ders. However, more studies are needed to assess the effects of 
preeclampsia on brain development.

The inadequate oxygenation in placenta with poor placental 
development frequently occurs in the preeclampsia, and probably 
leads to intrauterine growth restriction and infants born small for 
gestational age. Also, suboptimal uteroplacental perfusion is due 
to abnormal trophoblast differentiation during embryogenesis and 
the effects of vascular compromise progress. Bilayer foldings of ab
normal trophoblast are associate with ASD.24) Therefore, preeclamp
sia can increase risk for developing autistic disorders.3,19)

According to 2 meta-analyses, obesity is a risk factor for pre
eclampsia and ASD.25,26) Therefore, increasing obesity prevalence has 
paralleled the increase in preeclampsia and ASD.  

Our meta-analysis has three limitations. First, all of included 
studies were conducted at settings with good resources so that 
from 13 studies included, 6 surveys performed in United States, 
2 in Sweden, 4 in Australia and Canada, and 1 study in Finland, 
therefore generalizability of finding to all setting is questionable. 
Second, all of studies were not reported adjusted results, the prenatal 
or perinatal risk factors including Apgar score and gestational age 
might be considered as confounding factors in this issue. Therefore, 
our overall estimated OR or RR is prone to effect of confounders. 
Finally, data that were presented by enrolled studies were not 
sufficient to perform some subgroup analysis based on confounding 
variables. However, our findings indicated based on epidemiological 
studies with sample size 7,561,696 participants that preeclampsia 
can increase the risk of ART among children. 

In conclusion, despite existing controversy, our findings indicated 
that preeclampsia is associated with increased risk of ASD among 
children.
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Fig. 3. Funnel plot of the association between preeclampsia and autism 
spectrum disorders among children. OR, odds ratio; SE, standard error.

Table 2. Results of the subgroup analysis of the preeclampsia and 
autism spectrum disorders (studies based on odds ratio [OR])

Subgroups
Studies

No. of studies OR (95% CI) I2

Crude analysis 4 1.47 (0.79–2.16) 43.0%

Adjusted analysis 5 1.38 (1.13–1.63) 65.9%

CI, confidence interval.
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