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Original article

Background: There is evidence of destructive effects of 
oxytocin use during labor on neurodevelopment.
Purpose: This meta-analysis pooled all observational studies 
to determine the association between labor induction and the 
risk of attention-deficit/hyperactivity disorder (ADHD) among 
children.
Methods: All observational studies (case-control and cohort) 
were reviewed until September 2020 after searches of the 
PubMed, Scopus, and Web of Science databases, the gray litera
ture, and conference proceedings. The pooled odds ratios 
(ORs), relative ratios (RRs), and 95% confidence intervals (CI 
(swere calculated as random effect estimates of association 
among studies.
Results: All observational studies were reviewed, including 
4 cohort studies including 2,885,743 participants and 3 case-
control studies including 51,135 participants (10,961 with 
ADHD and 40,174 in control groups) with a sample size of 
2,936,878 participants. The pooled estimates of OR and 
RR did not indicate a significant association between labor 
induction and ADHD among children (OR, 1.13; 95% CI, 
0.90–1.35) and (RR, 1.10; 95% CI, 0.96–1.24).
Conclusions: The findings showed that labor induction 
is not associated with an increased risk of ADHD among 
children. However, more studies are needed to investigate the 
relationship between labor induction and ADHD.

Keywords: Attention deficit disorder with hyperactivity, 
Labor induction, Meta-analysis

Key message

· This meta-analysis pooled all observational (case-control and 
cohort) studies to obtain the association between labor in
duction and the risk of attention-deficit/hyperactivity disorder 
(ADHD) among children.

·  The findings showed that labor induction is not associated with 
increased risk of ADHD among children.

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a common 
neurodevelopmental disorder that occurs in approximately 
3.4% of children worldwide.1) One of the main features of 
ADHD is hyperactivity and impulsivity, which can lead to a 
lifelong disorder with significant social and economic burdens.2)

ADHD is an inherited disease because studies in twins have 
reported an inheritance estimate of about 76%.3) Environmental 
factors including preterm delivery and poor fetal growth, 
exposure to cigarettes, prepregnancy body mass index, alcohol 
before delivery, and young parental age also increase the risk of 
ADHD.4,5)

There is evidence of destructive effects of oxytocin use during 
labor on neurodevelopment. Neonatal distress and hypoxia 
increase after labor induction due to hyperstimulation of the 
uterus6) and can lead to possible physiological effects of oxytocin 
on brain development.7) It was hypothesized that the risk of 
neurodevelopmental disorders such as autism spectrum disorder 
and ADHD could increase with oxytocin use during labor.7)

Some studies have reported an association between labor 
induction and ADHD,4,8) while others have not.9,10)

To date, only Lønfeldt et al.11) performed a meta-analysis of 
the association between labor induction and the risk of ADHD. 
The authors did not report a significant association between 
labor induction and the risk of ADHD (relative risk [RR], 1.17; 
95% confidence interval [CI], 0.77–1.78). However, this meta-
analysis included only 3 studies. Therefore, we performed the 
present meta-analysis of all observational studies to determine 
the association between labor induction and the risk of ADHD 
among children.

Methods

1. Data sources

This meta-analysis was performed to determine the association 
between labor induction and the risk of ADHD among children. 
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performed using Stata 13 (StataCorp LP., College Station, TX, 
USA).

Results

1. Study description

A total of 252 studies were identified in the initial search; of 
them, 39 duplicate articles were excluded. The articles were 
reviewed by title, abstract, and then full text. Ultimately, 7 articles 
were included in the present analysis. The study selection process 
is presented in Fig. 1. The following studies were included: 4 
cohort studies9,14-16) including 2,885,743 participants; and 3 
case-control studies4,8,10) including 51,135 participants (10,961 
with ADHD and 40,174 in control groups) for a total sample 
size of 2,936,878 participants (Table 1). Silva et al.10) reported 
the results separately for males and females.

The confounding variables of the association between labor 
induction and ADHD among children included maternal age, 
parity, 5-minute Apgar score, year of birth, mother’s blood pres
sure, birth presentation, mode of delivery, smoking, psychiatric 
history, and gestational age.

2. Main analysis

We present the association between labor induction and 
ADHD among children in a forest plot in Fig. 2. The pooled 
estimates of OR and RR did not indicate a significant association 
between labor induction and ADHD among children (OR, 
1.13; 95% CI, 0.90–1.35 and RR, 1.10; 95% CI, 0.96–1.24, 
respectively). There was medium heterogeneity among the 
studies reporting the risk of ADHD among children based on 
OR (I2=46.8%, P=0.111). There was high heterogeneity in 
studies reporting the risk of ADHD among children based on RR 
(I2=96.8%, P=0.000). There was no evidence of publication 
bias among the included studies. The P values for Begg’s and 
Egger's regression tests were 0.000 and 0.476, respectively. Silva 
et al.10) reported oxytocin induction in males (OR, 1.18; 95% 
CI, 0.99–1.41) and females (OR, 1.07; 95% CI, 0.74–1.55) 

The systematic review used the published PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) 
statement checklist.

2. Search strategy

All published studies published through September 2020 
were retrieved from the PubMed, Scopus, and Web of Science 
database, the gray literature, and conference proceedings. The 
index terms used in the present meta-analysis were: (induction 
or Pitocin or Syntocinon’ or ‘synthetic oxytocin) and (labor or 
labor) and (attention-deficit/hyperactivity disorder or ADHD 
or attention deficit disorder with hyperactivity or ADD or 
attention deficit disorder hyperactivity, attention deficit disorder 
hyperactivity, child attention deficit disorder). We then manually 
reviewed the reference lists of the retrieved articles and contacted 
the authors of the included articles to identify any other related 
articles.

3. Inclusion and exclusion criteria

In the systematic search, observational studies (case-control 
and cohort) that identified the association between labor 
induction and risk of ADHD among children were included. 
Labor induction in all studies was performed using oxytocin. 
Case reports, case series, reviews, and letters to the editor were 
excluded from the present meta-analysis.

4. Data extraction

The study titles, abstracts, and full texts were screened inde
pendently by 2 authors (EJ and BF). Any disagreement was 
resolved by the third author. The data sets extracted included 
publication year, first author, country, study design, ADHD dia
gnostic criteria, number of participants, OR, RR, and their asso
ciated 95% CI, adjustment, child age (range/mean), and quality.

5. Quality assessment

Study quality was assessed using the improved Newcastle-
Ottawa Scale for assessing the risk of bias in observational 
studies.12) Two investigators (EJ and BF) performed the quality 
assessment independently, and the scores of the studies were 
categorized as low quality (<7 points) or high quality (≥7 
points).

6. Statistical analysis

The pooled OR, RR, and 95% CI were calculated from 
eligible studies used as random effect estimates of the association 
among studies.

Heterogeneity testing using I2 statistics was performed to 
assess interstudy variance. We considered low, medium, and 
high heterogeneity as I2 statistic values of 25%, 50%, and 75%, 
respectively.

To examine publication bias, Begg’s and Egger’s regression 
tests were performed.13) P values of <0.05 were considered 
significant for publication bias. The present meta-analysis was 

Identification

41 Records identified
through database searching

211 Additional recodes identified 
through other sources

Screening
39 Duplicates removed 

213 Records screened 201 Records excluded

Eligibility

12 Full-text articles assessed for 
eligibility

5 Full-text articles excluded, 
with reasons

Included

7 Studies included in qualitative synthesis

7 Studies included in quantitative synthesis (meta-analysis)

Fig. 1. Study selection process of the systematic review.
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separately. Therefore, we display the data separately for males 
and females in Fig. 2.

3. Sensitivity analysis

There was high heterogeneity among studies assessing the 
association between labor induction and the risk of ADHD 
based on the pooled estimates of RR (I2=96.8%). Therefore, 
we conducted a sensitivity analysis based on the sequential 
algorithm to gain interstudy homogeneity. We obtained the 
minimum desired I2 threshold (50%) by omitting one study 
from the meta-analysis assessing the association between 
labor induction and the risk of ADHD. The removal of this 

reference16) increased the heterogeneity to 6.4% (OR, 1.03; 
95% CI, 1.01–1.05; P=0. 000).

4. Study quality

All studies in the present meta-analysis were of high quality 
except for one8) according to the Newcastle-Ottawa Scale (Table 
1).

Discussion

This meta-analysis showed no association between labor 

Table 1. Summary of the included studies

Study Country Design Sample size Estimate Adjustment
Age (yr), 

range/mean
Autism 
criteria

Qualitya)

Kurth8) (2012) USA/Canada Case-control 172 
(88 cases & 
84 controls)

Odds ratio Crude 3–25 DSM-IV Low

Henriksen et al.,9) (2015) Denmark Cohort 546,146 Hazard ratio Adjusted No data ICD-10 High

Wiggs et al.,16) (2017) Sweden Cohort 1,574,204 Hazard ratio Adjusted 15–16 ICD High

Silva et al.,10) (2014) Australia Case-control 1,430 
(464 cases & 
966 controls)

Odds ratio Adjusted 1–17 DSM-IV, ICD-10 High

Curran et al.,14) (2016) Ireland Cohort 625,042 Odds ratio Adjusted 7 No criteria High

Stokholm et al.,15) (2020) Finland/Denmark Cohort 140,351 Hazard ratio Adjusted 2 and higher ICD-9, 10 High

Sucksdorff et al.,4) (2018) Finland Case-control 49,533 
(10,409 cases & 
39,124 controls)

Odds ratio Adjusted 2 and higher ICD-9, 10 High

DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, fourth edition; ICD-10, International Classification of Diseases, tenth revision; ICD-9, 
International Classification of Diseases, ninth revision.
a)The study quality assessment was performed using the improved Newcastle-Ottawa Scale.  

Fig. 2. Forest plot of the association between labor induction and attention-deficit/hyperactivity disorder. OR, 
odds ratio; RR, relative risk; CI, confidence interval.
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induction and the risk of ADHD among children. This meta-
analysis included all 7 published case-control and cohort studies 
to assess the association between labor induction and the risk of 
ADHD among children. No significant association was reported 
between labor induction and the risk of ADHD among children. 
The pooled estimates of the included studies indicated that the 
OR and RR of ADHD among children after labor induction 
were 1.13 and 1.10, respectively.

A meta-analysis study was performed by Lønfeldt et al.11) in 
2019. The authors reported a significant association between 
labor induction and the risk of ADHD (RR, 1.17; 95% CI, 
0.77–1.78). However, this meta-analysis included only 3 studies. 
These issues might introduce the possibility of selection bias.

There is evidence based on the important roles of endogenous 
oxytocin in the regulation of stress, anxiety, cognition, and social 
cognition and behaviors in humans.17) In addition, animal studies 
have reported that neonatal exposure to synthetic oxytocin led 
to changes in social behavior and the oxytocinergic system in 
adults.18)

Overactive uterine activity, characteristic of oxytocin-induced 
hypertonic contractions, may create an unfavorable environ
ment for fetal neural growth, especially in cases in which the 
contractions become too prolonged.8)

In fact, any association between oxytocin-induced labor 
and ADHD may be confounded by genetic or environmental 
vulnerability. ADHD is highly inherited, and a meta-analysis 
showed a consistent association between ADHD and single 
nucleotide polymorphisms in the oxytocin receptor gene.19)

The present meta-analysis has major strengths, including its 
comprehensive search and large pooled sample size in the meta-
analysis. In addition, all studies in this meta-analysis except for 
one8) were adjusted for some risk factors for labor induction.

However, we did not perform a subgroup analysis of factors 
such as dose-dependent effects of oxytocin due to the small 
number of included studies. This is the main limitation of the 
present meta-analysis. However, this meta-analysis did not show 
an association between labor induction and ADHD among 
children based on epidemiological studies with a sample size of 
2,936,878 participants.

In conclusion, these findings showed that labor induction was 
not associated with an increased risk of ADHD among children. 
However, more studies are needed to investigate the relationship 
between labor induction and ADHD.

Footnotes
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