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Purpose: Many studies have focused on the association between Autism spectrum disorder (ASD) and epidural labor analgesia 
(ELA), which is the most effective way to manage labor pain. The purpose of this meta-analysis was to summarize the current state of 
the association between ELA and ASD.
Methods: A search of the literature yielded 201 relevant studies, of which 7 cohort studies met our inclusion criteria. Two 
independent reviewers screened the inclusion results, extracted data, and assessed the risk of bias and quality of evidence.
Results: Compared to parturient who did not receive ELA, parturient who received ELA had a slightly increased risk of ASD 
(adjusted hazard ratio [aHR], 1.12; 95% confidence interval [CI], 1.06–1.17; I2, 69%; P < 0.001; seven studies). After excluding one 
literature (aHR, 1.09; 95% CI, 1.06–1.12; I2, 4%; P < 0.001; six studies). The sensitivity analyses had consistent outcomes with the 
main analyses involving siblings (aHR 1.11; 95% CI 1.03–1.19), cesarean section and instrumental deliveries (aHR 1.07; 95% CI 
1.03–1.10), non-overlapping populations (aHR 1.09; 95% CI 1.05–1.12), full-term birth populations (aHR 1.10; 95% CI 1.06–1.14), 
and studies assessed to have moderate risk of bias (aHR 1.09; 95% CI 1.02–1.16).
Conclusion: This meta-analysis revealed a modest positive association between ELA and ASD, acknowledging a slight potential risk. 
However, it is important to note that this risk cannot be completely dismissed due to the possibility of bias and this association is based 
on low-quality evidence. Future studies are required to assess and mitigate different confounding biases and investigate the time-dose- 
response relationship.
Keywords: Autism spectrum disorder, epidural analgesia, epidural labor analgesia, ELA, neuraxial labor analgesia, pregnancy, meta- 
analysis

Introduction
Autism spectrum disorder (ASD), a neurodevelopmental disorder characterized by social impairment, limitations, and 
repetitive behaviors, is associated with a variety of genetic and environmental factors.1–3 Among the genetic factors, the 
overall recurrence rate is approximately 25% between siblings, there is a 50%–80% probability of autism in identical twins, 
and up to a 30% probability of autism in dizygotic twins.2 The environmental factors involve parental age, maternal status, and 
toxin exposure. Many studies have focused on the relationship between perinatal events in which both factors coexist and 
childhood autism. Perinatal events include birth asphyxia, breech or transverse lie, and pre-eclampsia; these perinatal events 
are potential risks for ASD.4 It has been shown that cesarean delivery might increase the risk of ASD in the offspring.5

Epidural labor analgesia (ELA) is the most effective way to relieve labor pain. To date, several studies have been 
conducted in the United States, Canada, and Germany to determine the association between ELA and ASD, and confirm 
whether ELA is a safe option. It has been shown that ELA has no direct effect on neonatal outcomes;6 however, 
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a population-based study including 147,895 live births showed that ELA was associated with a 37% increased risk of 
ASD in the offspring, which led to widespread debate and concern.7

The purpose of this systematic review and meta-analysis was to determine the relationship between ELA and ASD in 
offspring by including all available evidence (seven studies through August 2022) and making a primary analysis, and 
then further conducting a comprehensive meta-analysis with different sensitivity analyses.

Material and Methods
This systematic review and meta-analysis was initiated in August 2022 and strictly followed the principles set out in the 
Cochrane Handbook. The primary design and protocol of this synthesis were previously described and registered in 
PROSPERO (CRD42022359029). We reported the evidence selection, quality assessment, evidence synthesis, and research 
results according to the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses.8,9

Eligibility Criteria, Databases, Search Strategy, and Study Selection
The eligibility criteria for inclusion were as follows: (1) cohort study; (2) all studies included parturient who had and had 
not received ELA; and (3) the diagnosis of ASD was reasonably determined.

According to these criteria, a literature search was performed in PubMed, Embase, Scopus and Web of Science 
databases by the free text and medical subject headings (MeSH in PubMed and Emtree in Embase) for all articles 
published before August 2022 using the relevant terms “epidural anesthesia, neuraxial labor anesthesia, labor, autism”. In 
addition, citations from relevant trials and reviews were screened. A total of 201 studies were identified, and ultimately 
seven cohort studies formed this review.7,10–15

Two authors (Wu and Hu) independently screened titles, abstracts and full-text articles, then reviewed the studies to 
confirm that the studies fully conformed with the specified inclusion criteria. Discrepancies were resolved by consensus. 
The remaining search results are shown in a flowchart in Figure 1.

Data Extraction, Risk of Bias Assessment, and Quality Assessment
Two authors (Wu and Hu) independently extracted data from the included studies, which were recorded on a data 
collection form for each study. Extracted study characteristics included study population, study period, data source/ 
classification for ELA, data source/classification for ASD, and outcomes (shown in Table 1).

Considering the critical role of genetic and environmental factors in ASD, it was not possible to fully control for 
confounding bias in the studies. Therefore, studies with the mother’s psychiatric family history, and history of psychotropic 
drug use as confounding factors were rated as moderate risk and studies without those factors were rated as high risk.

The quality of the selected studies was assessed for risk of bias using the Risk Of Bias In Non-randomized Studies-of 
Interventions (ROBINS-I) tool, as recommended by the Cochrane Handbook16 (shown in Figure 2).

In addition, the quality of available evidence was assessed using the Grading of Recommendations, Assessment, 
Development and Evaluation (GRADE) approach. Discrepancies were resolved by consensus17 (shown in Figure 3).

Statistical Synthesis and Analysis
Data were statistically synthesized and analyzed using Review Manager (RevMan) [Computer program]. Version 5.4.1, 
The Cochrane Collaboration, 2020. The dichotomous outcomes of selected studies were analyzed using the hazard ratio 
(HR) for survival prognosis, quantitative synthesis, and analysis, and presented as forest plots. The results were 
expressed as the HR and 95% confidence interval (CI), and a p-value < 0.05 was considered a statistically significant 
difference. The inverse variance method was used to aggregate the data, and a random-effects model was used to 
calculate the overall effect. The I-squared and p-values of the Cochran’s Q statistic were calculated as a measure of 
statistical heterogeneity to assess the quality of the pooled results. If an I-squared value was > 50% or a Cochran 
Q p-value was < 0.10, high heterogeneity was assumed to exist, and further sensitivity analysis was performed to 
investigate the source of heterogeneity.
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Results
Search Results
A total of 201 studies were identified from PubMed, Embase, Scopus, Web of Science, and citations; 123 studies were 
excluded due to duplication.

Of the remaining 78 studies, 40 were excluded after screening the title and abstract because the scope of the studies was 
not considered relevant. Two studies were not retrieved. The remaining 36 studies were reviewed for full text, 29 of which 
were excluded for the following reasons: reviews (n = 3); non-English (n = 1); commentaries, editorials, and letters (n =17); 
guidelines, conferences, papers, and patents (n =5); ELA was not included (n =2); and no outcomes of interest were obtained 
(n = 1). Ultimately, seven cohort studies formed the basis of this review and were included in our meta-analysis. The 
remaining results are shown in a flowchart in Figure 1. The search form is in Supplementary Material 1.

Records identified from*:201
Scopus(n = 37)
Pubmed (n = 34)
Embase (n = 57)
Web of science(n =35 )
Citation searching (n = 38)

Records removed before
screening:

Duplicate records removed
(n =123 )

Records screened
(n =78)

Records excluded after
screening of title and abstract
Outside the scope (n = 40)

Reports sought for retrieval
(n = 38)

Reports not retrieved
(n =2)

Full-text articles assessed for
eligibility
(n =36 )

Reports excluded:
Review (n =3 )
Non-English (n = 1)
Commentaries, editorials, letters (n =17 )
Guideline, conference paper, patent (n =5 )
Not included epidural analgesia (n =2)
No outcome of interest were obtained (n =1)

Studies included in review
(n =7 )

Identification of studies via databases and registers

Figure 1 PRISMA flowchart.
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Table 1 Data Collection Characteristics of Included Studies

Study  
(publication Year, Country)

Qiu  
(2020, United States)

Wall-Weiler  
(2021, Canada)

Hanley  
(2021, Canada)

Mikkelsen  
(2021, Denmark)

Ren  
(2021, Denmark)

Straub  
(2021, United States)

Murphy  
(2022, Canada)

Study Population 147895singleton vaginal 
deliveries born 

to119973women in 
hospitals within an 

integrated healthcare 
system in Southern 

California, USA

123 175 singleton 
vaginal deliveries in 
Manitoba, Canada

388 254 singleton 
vaginal deliveries in 25 
8472 women in British 

Columbia, Canada

479 178 liveborn 
offspring born 

to338449women in 
Denmark

624,952 live singleton 
vaginal or intrapartum 
Caesarean delivery in 

Denmark

1,607,579 vaginal 
deliveries registered in 
MAX or MarketScan in 

USA

650 373 Live singleton 
births by vaginal delivery 
in (BORN) Ontario data 
set in Ontario, Canada

Study Period 1 Jan,2008–31 Dec,2015 
Follow-up: from 1 year 

of age till clinical 
diagnosis of ASD, end of 
healthcare plan, death of 
the child or study end 

date 31 December 2018

1 Apr,2005–31 Mar,2016 
Follow-up: from 18 
months of age until 

censored by death or 
emigration or 
1 April 2019

1 Apr,2000–31 
Dec,2014 Follow-up: 

until clinical diagnosis of 
ASD, death or study end 
date 31 December 2016

1 Jan,2006–31 Dec,2013 
Follow-up: from 1 year 

of age till 
31 December 2017 or 

censored by death, 
emigration, ASD 

diagnosis, diagnosis of 
disease inherently linked 

to autism

1 Jan,2005–31 Dec,2016 
Follow-up: for ASD 

from 1 year of age till 
death, emigration, 

diagnosis of ASD or 
31 December 2018

2005–2014 Medicaid 
Analytic extract (MAX) 
and 2005–2015 the IBM 

Health MarketScan 
Research 

Database(MarketScan). 
Follow-up: until ASD 

diagnosis, end of 
insurance enrollment, or 
end of the study 2021.

1 Apr,2006–31 Mar,2014 
Follow-up: from age 18 

months until ASD 
diagnosis, loss to follow- 

up, or the end of the 
study 

31 December 2020

Data source/classification for 
ELA

Procedure notes and 
pharmacy data in 

patients’ electronic 
medical records

Codes within the 
Manitoba Hospital 
Abstracts dataset

British Columbia 
Perinatal Data Registry

Codes within the Danish 
Patient Register

Codes within the Danish 
Patient Register

MAX or MarketScan 
Patient Data

First identified from the 
BORN Ontario data set, 
then ICES for technique 
code, then the Canadian 
Classification of Health 
Interventions code 5. 

LD.20.HA-P1

Data source/classification for 
ASD

ICD-9 codes or KPSC 
equivalent codes for 
autistic disorders, 

Asperger syndrome or 
pervasive development 

disorder, or an 
equivalent code used by 
the healthcare network 

from two separate 
healthcare encounters

≥1 ICD-9 diagnosis code 
for the following 
disorders: autism 

disorder; Asperger 
syndrome; pervasive 

developmental disorder

Diagnoses data made by 
trained pediatrician, 

psychiatrist, or 
psychologist within the 

Autism Assessment 
Network or private 

practitioners in British 
Columbia

ICD-10 codes for 
autistic disorder, atypical 

autism, Asperger 
syndrome or pervasive 
development disorders

ICD-10 codes for 
childhood autism, 
atypical autism, 

pervasive developmental 
disorders and 

unspecified pervasive 
disorders

ICD-9 codes for 
pervasive developmental 

disorder (excluding 
childhood disintegrative 
disorder);diagnosed at 
least twice at 1 year or 

older

(ICD-10) diagnosis code 
for ASD or the OHIP 
diagnostic code 299.x 
for ASD 3 times in 3 

years

Exposed to ELA (%) 109,719 (74.2%) 47,011 (38.2%) 111,480 (28.7%) 92,900 (19.4%) 116,296 (18.6%) 998,099 (62.1%) 418,761 (64.4%)

Total Number of Offspring with 
ASD (%)

2524 (1.9%) 2257 (1.8%) 5192 (1.3%) 6428 (1.3%) 7671 (1.2%) 5177 (0.3%) 10,780 (1.7%)

Offspring with ASD in non-ELA 
group

485 (1.3%) 1272 (1.7%) 3482 (1.26%) 5019 (1.3%) 6023 (1.2%) 2155 (0.4%) 3234 (1.4%)

Offspring with ASD in ELA 
group (%)

2039 (1.9%) 985 (2.1%) 1710 (1.53%) 1409 (1.5%) 1648 (1.4%) 3022 (0.3%) 7546 (1.8%)

Unadjusted Hazard Ratio (HR) 
(95% CI)

1.48  
(95% CI,1.34–1.65)

1.25  
(95% CI, 1.15–1.36)

1.32  
(95% CI,1.24–1.40)

1.29  
(95% CI,1.21–1.37)

1.38  
(95% CI,1.31–1.46)

1.06  
(95% CI,1.00–1.12)

HR:1.30  
(95% CI, 1.25–1.36)

Fully adjusted HR (95% CI) 1.37  
(95% CI,1.22–1.53)

1.08  
(95% CI, 0.97–1.20)

1.09  
(95% CI,1.00–1.15)

1.05  
(95% CI,0.98–1.11)

1.11  
(95% CI,1.04–1.18)

1.07  
(95% CI,1.00–1.14)

HR was 1.14  
(95% CI, 1.08–1.21)

Fully adjusted HR in sibling 
analysis (95% CI), if done

Not done 0.97  
(95% CI, 0.78–1.22)

1.07  
(95% CI,0.87–1.30)

1.05  
(95% CI, 0.90–1.21)

1.03  
(95% CI,0.84–1.27)

Not done 1.17  
(95% CI,1.06–1.28)
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Characteristics of the Included Studies
Seven cohort studies were ultimately included in our meta-analysis. The characteristics of these studies are summarized 
in Table 1, with sample sizes ranging from 123,175–1,607,579, of whom 1,894,266 and 2,127,140 did and did not receive 
ELA. Of the seven studies, three were conducted in Canada, two in the United States with overlap populations,7,14 and 
two studies in Denmark based on cohort studies in the same population.12,13

Risk of Bias Assessment and Quality Assessment
The risk of bias for individual studies is presented in Figure 2A, and the risk of bias summary is presented in Figure 2B. 
The overall risk of bias was assessed according to the principle of overall bias according ROBIN-I, as follows: if the risk 
of bias was low in all seven evaluation areas, the overall risk of bias was low; if all seven evaluation areas were low or 
moderate risk, the overall risk of bias was moderate; and if at least one evaluation area was high risk, but none were 
extremely high risk, the overall risk of bias was high. Therefore, the overall bias of the seven studies was moderate- or 
high-risk bias.16

A summary Figure was constructed with the support of GRADEpro software,17 and the GRADE quality of evidence 
for the primary outcomes is presented in Figure 3. The association between ELA and ASD was graded as low-quality 
evidence due to the inevitably high risk of bias and inconsistency in each outcome.

A B

Figure 2 (A) Risk of bias assessment of each individual study. (B) Risk of bias assessment of included studies summary.

Figure 3 The GRADE quality of evidence for the primary outcomes.
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Primary Outcomes
Results
The primary analysis aimed to assess the association between ELA and the risk of ASD in offspring, and ultimately 
included 7 observational studies. Estimates were aggregated using a random-effects model. The results of the meta- 
analysis suggested that children of mothers who received ELA had a slightly increased risk of ASD. There was a high 
degree of heterogeneity between studies (aHR, 1.12; 95% CI, 1.06–1.17; I2, 69%; P < 0.0001). The study by Qiu et al7 

was subsequently excluded. The results were thus slightly attenuated (aHR, 1.09; 95% CI, 1.06–1.12; I2 = 4%; P < 
0.00001) with significantly lower heterogeneity, which confirmed that the study by Qiu et al7 was indeed substantially 
different from other studies. This might be associated with residual confounding specific to the study population 
(maternal and family histories of ASD were not considered adequately). The forest plot for this analysis is shown in 
Figure 4.

Sensitivity Analysis
After adjusting for potential confounders, the pooled results of seven observational studies showed a high degree of 
heterogeneity. Thus, it was necessary to perform sensitivity analysis to explore the sources of heterogeneity.

(A) Studies with sibling analysis (siblings with different exposure status) were selected and the pooled results were 
consistent (aHR,1.11; 95% CI, 1.03–1.19; I2 = 3%; P = 0.006) with no change in conclusions.

(B) Studies including cesarean section and instrumental vaginal deliveries were selected. The risk of ASD in children 
of mothers who received ELA was 8% higher (aHR, 1.07; 95% CI, 1.03–1.10; I2=0%; P = 0.0003), result without 
major differences.

(C) The study populations of Qiu et al and Straub et al7,14 overlapped, as did the populations studied by Mikkelsen 
et al and Ren et al.12,13 Therefore, only studies with a low risk of bias assessed by the ROBINS-I tool were 
included in the primary outcomes. This sensitivity analysis was finalized for 5 studies, and the pooled study 
results did not differ significantly (aHR, 1.09; 95% CI, 1.05–1.12; I2 = 19%; P < 0.00001).

(D) Three studies with full-term birth study populations were selected and assessed as moderate-risk bias (aHR, 1.10; 
95% CI, 1.06–1.14; I2 = 47%; P < 0.00001).

(E) Three studies with a moderate risk of bias assessed by the ROBINS-I tool were selected (aHR, 1.09; 95% CI, 
1.02–1.16; I2 = 57%; P = 0.007), and the results were consistent with the primary analysis.

ASD is associated with multiple genetic and environmental factors, therefore we selected other factors from the 
original study, rather than ELA, as another two groups for sensitivity analysis.

F) Only the study population that received ELA at first birth was not positively associated with the risk of ASD(aHR, 
1.06; 95% CI, 0.99–1.12; I2 = 0%; P = 0.09).

G) There were pooled results of studies reporting socioeconomic and demographic factors (aHR, 1.29; 95% CI, 1.23– 
1.36; I2 = 0%; P < 0.00001). The maternal risk of ASD in the ELA group was 29% compared with that of the non-ELA 
group, suggesting that autism is a multifactorial disorder, especially with prenatal exposure and genetic factors.

All forest plots for this analysis are shown in Figure 4.
The funnel plots for this analysis are shown in Figure 5 and Supplementary Material 2.

Discussion
A total of 7 cohort studies including 4,021,406 participants were included in which the risk of ASD in offspring of 
mothers who did and did not receive were compared. Our meta-analysis showed a weak association between exposure to 
ELA and the risk of ASD in offspring; the association was based on low-quality evidence, though a small increase risk 
could not be excluded considering the possibility of bias. We should be cautious about the association between LEA and 
autism, but it does not imply causation.
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A

Figure 4 Continued.
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B

Figure 4 (A) All forest plots for this analysis. (B) All forest plots for this analysis.

https://doi.org/10.2147/JPR.S442298                                                                                                                                                                                                                                   

DovePress                                                                                                                                                               

Journal of Pain Research 2024:17 234

Hu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Analysis Results
With the current systematic review with meta-analysis, there was a modest positive association between ELA and ASD in 
the offspring, acknowledging a slight potential risk. However, it is important to note that this risk cannot be completely 
dismissed due to the presence of residual confounding and selection bias.

First, offspring head injuries are common control outcomes in vaccine studies, therefore it may provide some 
assurance of the validity of the methods. The observational study by Murphy et al15 was the first to use head injuries 
in offspring as a negative control outcome. Murphy et al15 showed that ELA was not associated with all-cause head 
injuries in offspring (aHR, 1.01; 95% CI, 1.00–1.02), further confirming the weak link between ELA and ASD should be 
treated with caution.

Second, whether intrapartum oxytocin has potentially deleterious effects on neurodevelopment in children has been 
debated for many years because of the possible physiologic effects of oxytocin entering the fetal circulation on brain 
development.18 Several studies have reported that ELA prolongs the second stage and increases instrumental vaginal 
delivery and that the combined factors of prolonged labor and assisted labor increase the risk of oxytocin exposure during 
labor.19,20 Interestingly, we recently found a slight increase in risk between intrapartum oxytocin exposure and ASD with 
a small gender-specific association, with a modest 13% increase in risk in boys, but no association in girls.21 The original 
studies included in this meta-analysis also showed that mothers who chose ELA were more likely to have increased use 
of oxytocin. Due to the lack of original data and studies on the relationships between ELA, increased oxytocin use, and 
ASD, it was not possible to complete a correlation analysis, but this may become a direction for future research.

Third, maternal health and pregnancy status with ELA are also associated with ASD risk. Previous studies have 
shown that selective serotonin reuptake inhibitors /serotonin norepinephrine reuptake inhibitors during pregnancy had 
a weak association with the risk of ASD.22

Fourth, Hanley et al raised questions about the diagnostic accuracy of using International Classification of Diseases, 
Ninth Revision (ICD-9) codes to identify children with ASD, and argued that there was a misclassification that would 
bias the results towards no association.23 Therefore, International Statistical Classification of Diseases and Related Health 
Problems,10th Revision (ICD-10) code was used to identify ASD in an observational study in Denmark, while the 
authors stated that ICD-10 has a high-positive predictive value for neurodevelopmental disorders in the Danish 
population.13 In addition, some studies used a comprehensive diagnosis of ASD by multiple physicians and diagnosis 
codes recorded by health insurance plans, while other studies used an alternative definition of ASD to maximize high- 
positive outcomes, both of which estimated reduced HR bias.11 It is also important to emphasize that 7 cohort studies 
included have neglected that patients with borderline and ambiguous ASD symptoms are often overlooked when 
common symptom diagnoses are used to assess ASD. A recent study showed that the use of health administrative data 
(including prospectively collected clinical data on both ASD-positive and ASD-negative status and validity measures 
(reporting negative predictive value and positive predictive value) were more effective in identifying ASD than 
diagnostic codes.24

Fifth, Lee et al and Kern-Goldberg et al25,26 commented that lacking a discussion of delivery complications. If 
delivery complications were included, confounding bias might be increased because it is impossible to judge whether the 
outcome was caused before or after exposure.

Based on the above findings, it is difficult to collect all related factors as covariates so that ascertainment bias cannot 
be avoided.

To further explore this association, we performed sensitivity analysis and found that five studies showed a slightly 
increased risk of ASD in offspring of mothers who had received ELA, but we should be cautious about the association 
between LEA and autism, it does not imply causation. Sensitivity analysis applying sibling-matched designs also 
balanced possible confounding by unmeasured shared environmental and genetic factors within families, which has an 
important role in explaining any positive association between ELA and ASD risk. Recently, several studies have reported 
non-shared environmental factors that have a role in ASD during the perioperative period, such as parental age at birth, 
maternal prenatal medications, gestational diabetes, eclampsia, uterine bleeding, birth order, cord complications, fetal 
distress, birth injury, birth trauma, multiple births, maternal hemorrhage, low birth weight, less than gestational age, 
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A

Figure 4 Continued.
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B

Figure 4 (A) All forest plots for this analysis. (B) All forest plots for this analysis.
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congenital malformations, and low 5-minute Apgar score.27 The original studies, including the above factors, did not 
completely circumvent the bias caused by these residual confounders. Additionally, two groups of sensitivity analyses 
showed that other factors, but not ELA, were associated with the risk of ASD, and both confirmed that parturient who 
chose ELA have greater access to healthcare, and the evaluation for and diagnosis of ASD. Thus, it is critical to limit the 
effect of bias when assessing the presence and extent of the ELA-outcome association.

Qiu et al7 overlooked the selection of appropriate covariates in statistical analysis models, which may have 
contributed to a significant association with a risk up to 37%, as follows: balancing patient-, home-, and hospital-level 
residual confounding bias; and selection bias.

Outlook
A recent study by Morton et al28 confirmed the association between ELA and intrapartum hyperthermia, and any cause of 
intrapartum hyperthermia was associated with neonatal brain injury. Interestingly, the most popular mechanistic hypoth-
esis of epidural-related maternal fever (ERMF) is non-infectious inflammation through immunomodulation and cellular 
injury, which typically occurs during labor.29 Several studies have suggested that oxidative stress, inflammation, immune 
system dysfunction, and mitochondrial dysfunction may be associated with the pathogenesis and/or severity of ASD;30,31 

however, the current research power and evidence are insufficient to prove that ERMF is associated with the risk of ASD 
in offspring. Nevertheless, this finding provides many ideas for improving ELA during labor because the risk of ASD 
may be related to the type of epidural catheter, medication regimen, and mode of administration. ELA is still an 
important bias factor in the perinatal period and a huge gap in the current original studies.

In future corollary studies, all of the evidence should be evaluated and balanced, such as the strength of the ELA- 
outcome association, the specificity and consistency of sensitivity analysis, the biological rationality, and the time and 
dose-response relationship.

Limitations
First, the seven original studies initially included in this meta-analysis had high heterogeneity in the combined statistical 
outcome results, and we applied sensitivity analysis to reduce heterogeneity. By eliminating the article by Qiu et al7 with 
low-quality bias evaluation, the heterogeneity was greatly reduced (I2 = 69%→4%), thus accounting for the main source 
of heterogeneity.7 In addition, high heterogeneity may be due to unmeasured confounding bias, ascertainment bias, and 
unspecified environmental, genetic, socioeconomic, and neurobiological factors, which resulted in study populations that 
could not be prospectively controlled and evaluated, and outcomes that could not be reliably measured.

Figure 5 The funnel plot.
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Second, the study is currently being conducted only in the United States, Canada, and Germany. The lack of diversity 
of study sources (lack of Asian populations) may affect the generalizability of results to different populations and clinical 
settings.

Third, due to the small number of included studies, we did not perform a complex publication bias analysis. 
Simultaneously, we implemented the exclusion of non-English articles to mitigate potential bias introduced by linguistic 
variations. However, this measure may have further increased publication bias.

The above reasons may lead to the low quality of the included studies, suggesting that clinical trial design should be 
more rigorous and cautious to improve the quality of research.

Conclusion
This meta-analysis demonstrated a modest positive association between ELA and ASD, acknowledging a slight potential 
risk. However, it is important to note that this risk cannot be completely dismissed due to the presence of residual 
confounding and selection bias, and this association is based on low-quality evidence. It is imperative to reassure the 
public that no conclusive evidence of ELA causing ASD has been found identified, affirming that ELA remains a safe 
option during labor. For the majority of women, making a truly informed choice about ELA during labor is not only for 
themselves, but also for the health of their newborns.
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