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Original Article

Purpose: There is inconsistent evidence about the association 
between fetal nuchal cord and the risk of autism spectrum 
disorder (ASD). We performed a meta-analysis to investigate 
whether fetal nuchal cord is associated with an increased risk of 
ASD in offspring.
Methods: Three main English databases were searched until 
January 2021. The Newcastle-Ottawa Scale was used to assess 
study quality. Study heterogeneity was determined using the 
I2 statistic, while publication bias was assessed using Begg and 
Egger tests. Results are presented as odds ratios (ORs) and 
relative ratios with 95% confidence intervals (CI) and were 
determined by a random-effects model.
Results: Five articles (1 cohort, 4 case-control; 3,088 total 
children) were included in the present meta-analysis. Fetal 
nuchal cord was not a risk factor for ASD (OR, 1.11; 95% 
CI, 0.66–1.57). There was homogeneity among studies that 
reported a risk of ASD (I2=0.0%).
Conclusion: Our results showed that fetal nuchal cord is not a 
risk factor for ASD. Future large cohort studies should confirm 
this finding.
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Key message

Question: Is fetal nuchal cord a risk factor for autism spectrum 
disorder (ASD)?

Finding: Five articles (1 cohort, 4 case-control; total 3,088 
children) were included in the present meta-analysis. Fetal 
nuchal cord was not a risk factor for ASD (odds ratio, 1.11; 
95% confidence interval, 0.66–1.57). There was homogeneity 
among studies that reported a risk of ASD (I2=0.0).

Meaning: Fetal nuchal cord is not a risk factor for ASD.

Introduction

Autism spectrum disorder (ASD) is a developmental disorder 
that features severe impairments with social interaction and 
communication as well as stereotypic behavior. Its prevalence is 
1–2 in per 100 individuals.1) ASD often develops in the second 
year of life, and its symptoms usually appear around 3 years of 
age.2) Although etiology of ASD remains unclear, both genetic 
and environmental factors are presumed involved in its disease 
development.3)

Researchers have reported that prenatal and perinatal risk 
factors, including preeclampsia, preterm labor, assisted repro
ductive technology, small for gestational age, neonatal jaundice, 
and low birth weight (LBW), contribute to the development of 
ASD.4-6)

Nuchal cord is defined as the umbilical cord being wound 
around the fetal neck.7) This phenomenon increases the risk of 
fetal distress and is usually associated with a long umbilical cord.8) 
The prevalence of nuchal cord is about 10%–29% of fetuses and 
increases with increasing gestational age.9) Nuchal cord can lead 
to acidosis, an increased need for cesarean section, a low Apgar 
score, growth restriction, and severe spastic cerebral palsy.9)

Studies have investigated the association between fetal nuchal 
cord and ASD in children.3,10,11) On reported that fetal nuchal 
cord was associated with ASD,3) while others did not.10,11) 

Moreover, there are limited reviews on this topic.12-14) Wang et 
al.13) reported that the results of 2 studies with high heterogeneity 
used for determining an increased risk of ASD with fetal 
nuchal cord or other umbilical cord events were analyzed as a 
subgroup. Accordingly, here we performed a meta-analysis to 
further investigate the association between fetal nuchal cord 
and ASD among children and conducted a systematic review of 
observational studies to assess this association.
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fetal nuchal cord and ASD, odds ratio (OR), hazard ratio (HR), 
associated 95% confidence interval (CI), adjustment, child age 
(range/mean), and study quality.

5. Quality assessment

The modified Newcastle-Ottawa Scale was used to assess 
observational study quality.16) This scale includes participant selec
tion, comparability of ASD and non-ASD children, and outcome 
assessment. There were 9 total points on the quality scale. Studies 
with ≥7 points were considered of high quality. Two investigators 
(EJ and AM) independently performed the quality assessment.

6. Statistical analysis

Data are expressed as OR or HR with 95% CI to assess the 
association between fetal nuchal cord and the risk of ASD. An 
I2>75% based on Higgins et al. (2003)17) was considered to 
indicate high heterogeneity. Publication bias was assessed using 
Begg and Egger regression tests.18) Significance was set at P<0.05. 
Analyses were performed using Stata 16 (StataCorp, College 
Station, TX, USA).

Results

1. Study description

The initial search yielded 263 studies; of them, 170 were 
excluded as duplicates. Next, 82 and 6 studies were excluded 
after the title/abstract and full-text screening, respectively. After 
the full-text screening, 3 studies did not meet the inclusion 
criteria, 2 were reviews, and 1 was a commentary.

Ultimately, 5 studies that met the inclusion criteria were 
included in this meta-analysis, including 1 cohort study11) and 
4 case-control studies3,10,19,20) with a total sample size of 3,088 
children. Fig. 1 presents a patient selection flow chart.

Methods

1. Data sources

This meta-analysis was performed and reported in adherence 
with the PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-analysis) 2020 checklist.15)

2. Search strategy

We systematically searched PubMed, Scopus, and the Web of 
Science for studies published through January 2021. We did not 
restrict publication language or date. The search algorithm was 
performed as follows: (fetal nuchal cord OR nuchal cord OR 
umbilical cord around neck) AND (autism spectrum disorder 
OR autism spectrum disorders OR ASD).

3. Inclusion and exclusion criteria

Inclusion criteria for the systematic review study were: 
case-control or cohort study; diagnosis of ASD based on the 
Diagnostic Statistical Manual of Mental Disorders, fourth or 
fifth revision, International Classification of Diseases, eighth, 
ninth, or tenth revision, or Child Autistic Rating Scale; and meta-
analysis exposure of fetal nuchal cord and output of risk of ASD. 
The exclusion criterion was study design of case report, case 
series, or review or article type of editorial or letter to the editor.

4. Data extraction

Two investigators independently reviewed the article titles 
and abstracts and performed the full-text reviews. The reference 
lists of the included studies were manually assessed to identify 
potential studies that may not have been retrieved from the 
databases.

The data were extracted independently by 2 investigators (EJ 
and AM) and included the following: first author, publication 
year, study design, number of participants, association between 
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The confounding variables for the association between fetal 
nuchal cord and ASD were maternal age, child’s sex, race/ethni
city, education, parity, smoking, prenatal care, year of diagnosis, 
and psychosocial disorder during pregnancy.

2. Main analysis

As shown in Fig. 2, fetal nuchal cord was not a risk factor for 
ASD (OR, 1.11; 95% CI. 0.66–1.57). The results of the studies 
were consistent and lacked heterogeneity in reporting the risk of 
ASD (I2=0.0%).

The results reported that no significant publication bias was 
observed between fetal nuchal cord and ASD according to the 
Begg and Egger tests (P=0.624 and P=0.438, respectively).

3. Sensitivity analysis

 We explored the impact of one low-quality study by using a 
sensitivity analysis and excluding that study.20) Regardless, fetal 
nuchal cord was not a risk factor for ASD (OR, 1.11; 95% CI, 
0.66–1.57). There was homogeneity among the studies that 
reported a risk of ASD (I2=0.0).

4. Study quality

In the present meta-analysis, 4 studies were of high quality and 
one was of low quality (Table 1).

Discussion

To our knowledge, this is the first systematic review and 

Fig. 2. Forest plot of the association between fetal nuchal cord and autism spectrum disorder. OR, odds 
ratio; CI, confidence interval.
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Fig. 1. The selection fl ow chart of studies included in the systematic review.
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meta-analysis to assess the association between fetal nuchal cord 
and the risk of ASD. Based on the available evidence, the meta-
analysis showed that fetal nuchal cord was not a risk factor for 
ASD. In addition, the I2 value was 0%; therefore, the results of 
the studies were consistent and interstudy heterogeneity may 
have been negligible.

According to this evidence, nuchal cord may not directly 
increase the risk of ASD in offspring, but its complications may 
have long-term effects on infant health and contribute to an 
increased risk of ASD.21) Two types of nuchal cords have been 
identified at delivery. Type A encircling the neck in an unlocked 
pattern. Type B encircling the neck in a locked pattern. Sympto
matic nuchal cord is classified as type B, which is identified as 
being extremely tight and encircling the neck in a locked pattern. 
Perinatal distress, LBW, breech presentation, and cesarean sec
tion are associated with type B nuchal cord.9) Babies with nuchal 
cord more often require neonatal intensive care unit admission, 
develop fetal acidemia, and require resuscitation.22)

A small number of studies have shown that hypoxemia with 
or without meconium-stained amniotic fluid in conjunction 
with nuchal cord can lead to central nervous system damage in 
the newborn, who may demonstrate subclinical deficits in per
formance and development at 1 year of age.9,23) The risk of 
ASD may increase among offspring whose mothers undergo a 
cesarean section, experience preterm labor, or face fetal malpre
sentation.24-26)

Karabeg et al.23) showed a significant association between a 
tight cord around the neck and neurodevelopmental outcomes. 
They showed that a higher degree of severity resulted in greater 
neurodevelopmental deviation. However, they did not inve
stigate the association between nuchal cord and the risk of ASD.

Our study has some limitations. First, there were a limited 
number of available studies on the association between fetal 
nuchal cord and the risk of ASD. Second, in this meta-analysis, 
one study was adjusted for some risk factors and 4 studies 
reported crude data. In most of the included studies, the follow-
up period was very short, and the time of the event and status 
of asphyxia were not reported. Therefore, our findings should 
be interpreted cautiously. This meta-analysis of only 5 articles 
was too small to prove our hypothesis. The relationship between 
nuchal cord and the risk of ASD is not well delineated. Future 
studies with large sample sizes and longer follow-up periods 
will be required to draw better conclusions about the long-term 
effects of fetal nuchal cord and the risk of ASD.

Conclusion

Our results suggest that fetal nuchal cord is not a risk factor for 
ASD. Future large cohort studies should further investigate this 
relationship.
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