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Abstract
Congenital heart disease (CHD) is linked to an increased incidence of neurodevelopmental impairments in young patients. 
Given the number of published studies on this topic, a synthesis of the literature is timely and needed. We performed a 
systematic review and meta-analysis of the medical literature to assess the evidence linking CHD to incidence of autism 
spectrum disorder (ASD). A systematic review of studies on CHD and ASD in PubMed, Cochrane and Institute for Scientific 
Information (ISI) from 1965 to May 2021 was conducted. Quantitative estimates of association between CHD and ASD 
were extracted from eligible studies for the meta-analysis. Pooled estimates were obtained using a random effect models fit 
by a generalised linear mixed model. We screened 2709 articles and 24 articles were included in this review. Among the 24 
studies, there was a total of 348,771 subjects (12,114 CHD, 9829 ASD and 326,828 controls). Seven of 24 studies were eli-
gible for the meta-analysis, which included information on a total of 250,611 subjects (3984 CHD, 9829 ASD, and 236,798 
controls). The summary estimate indicated that having CHD is associated with almost double the odds of ASD compared 
with patients without CHD (OR 1.99, 95% CI 1.77–2.24, p < 0.01). Early developmental delay, perinatal factors, and genetics 
were potential risk factors and etiologies for the onset of ASD symptoms in CHD patients. Having CHD is associated with 
an increased risk of presenting with a diagnosis or symptoms suggestive of ASD.
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Introduction

Congenital Heart Disease (CHD) is the most prevalent group 
of congenital malformations in newborns [1], with an inci-
dence of 8–12 out of 1000 live births worldwide [2]. CHD 
represents a heterogeneous group of diseases ranging from 
minor abnormalities with no significant hemodynamic dis-
turbance to severe, life-threatening abnormalities requiring 
intervention in the first few days of life [1, 3]. In approxi-
mately 30% of cases, CHD is associated with chromosomal 
or genetic abnormalities such as 22q11.2 deletion, Williams 

syndrome, or Turner syndrome [4, 5]. One in every 100 chil-
dren has known genetic or chromosomal abnormalities asso-
ciated with CHD [6].

Despite increasing survival rates due to advances in medi-
cal therapy, surgical and catheter interventions, this man-
agement remains palliative and survivors have long-term 
hemodynamic and cardiovascular abnormalities [7, 8]. 
Postoperatively, patients who have undergone any cardiac 
surgery are at high risk for complications involving the heart 
and other organs such as the brain, kidney and lungs [9]. The 
disruption of the normal flow of oxygenated blood in the 
cerebral circulation may result in hypoxemia of the blood 
supplied to the brain [10].

Due to the success of medical management, children 
with CHD now survive into childhood and adolescence. 
They frequently present with neurological deficits, which 
include intellectual disability, developmental difficulties 
and problems with behaviour and academic performance 
[11–13]. Neurodevelopmental impairments are among the 
most prevalent long-term morbidities in pediatric patients 
with CHD, affecting approximately half of survivors of 
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complex CHD [14, 15]. Previous reports indicate that 
patients with CHD may be at increased risk for autism 
spectrum disorder (ASD) [16]. A higher prevalence 
of neurobehavioural deficits including cognitive and 
executive function impairment, impulsive behavior, and 
decreased social skills have been observed in patients with 
CHD [17]. Current ASD diagnostic criteria are defined 
by the DSM-5 [18]. Prior to publication of the DSM-5 in 
2013, studies of ASD relied on previous versions of the 
DSM (IV and IV-TR). Evaluation for ASD involves the 
administration of standardized diagnostic assessment tools 
and interpretation of these results by a professional with 
expertise in ASD diagnostics. Examples of ASD assess-
ment tools include the Autism Diagnostic Observation 
Schedule (ADOS) and the Autism Diagnostic Interview-
Revised (ADI-R). Measurement of cognitive ability and 
adaptive behaviour, evaluation of communication abili-
ties such as speech and language development, and overall 
clinical impressions are critical in the evaluation process. 
While some studies included in this review identified 
“ASD cases” that may not have undergone the compre-
hensive assessments as listed above, findings from these 
studies may still be applied to enrich current knowledge 
and patient care.

ASD is a heterogeneous neurodevelopmental disability 
characterized by early onset difficulties in social communi-
cation and repetitive and restricted behaviors [16, 19]. The 
prevalence of ASD among CHD patients may be signifi-
cantly higher than the worldwide prevalence of about 1%, yet 
this health issue is not yet well-characterized [19, 20]. Early 
identification and treatment of developmental disabilities in 
children can be beneficial [16]. By doing so, families can be 

better informed and appropriate support can be provided as 
children transition from infancy into the school system and 
beyond [16].

Due to the limited literature that largely consists of small 
retrospective cohort studies, any existing prevalence esti-
mates on the co-occurrence of CHD and ASD may be sub-
ject to bias. The current systematic review aims to sum-
marize findings about potential associations between CHD 
and ASD symptoms. We reviewed the medical literature in 
order to investigate whether young children with CHD have 
a higher risk of ASD compared to children without CHD.

Methods

Search Strategy

We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses guidelines [21] in order 
to systematically examine the evidence linking CHD to 
ASD (Fig. 1). We searched Pubmed, ISI and Cochrane 
databases for articles published between 1965 and June 
2021. Retrospective or prospective cohort, case–control, 
and cross-sectional human studies in the English language 
were included. Reviews, editorials, case reports, confer-
ence proceedings, and abstract-only studies were excluded. 
Articles not relevant to this review were removed, includ-
ing articles discussing genetic syndromes such as 22q11.2 
microduplication syndrome, Timothy Syndrome and Turner 
Syndrome, as we are examining associations with ASD and 
not genetic or chromosomal disorders. A primary literature 
review was first performed by two authors (S.G. and A.K.) 

Fig. 1  Flowchart of the system-
atic review process. Numbers 
of articles for each step of the 
process are indicated
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through the PubMed scientific database using the follow-
ing terms: (autism OR autistic disorder OR behavior dis-
order) AND (heart disease OR congenital cardiac disease 
OR congenital heart defect OR congenital cardiac defect). 
To expand the number of eligible studies, we performed a 
secondary search (S.G. and A.K.) using ISI and Cochrane 
using the same search terms. Search terms were determined 
by literature review, database query, and consensus among 
the authors. Two authors (S.G. and A.K.) verified that each 
publication met the inclusion criteria, with reconciliation 
through discussion. Full text articles that appeared relevant 
were obtained and data extracted. Studies included in the 
analysis needed to report the following: (1) diagnostic cri-
teria or other indicators suggesting possible ASD, and (2) 
diagnosis of congenital heart disease. There was no require-
ment of an age range. After the initial extraction of poten-
tially relevant papers, the references were also checked for 
potential studies to include. During this process, we identi-
fied several academic centers that published cohorts with 
overlapping patients. To minimize this source of bias, we 
avoided analyzing one cohort multiple times using the fol-
lowing protocol: (1) The authors/affiliations of articles and 
the cohort descriptions were reviewed to identify articles 
with potentially overlapping cohorts. (2) If overlap between 
cohorts was suspected after this screening, we then con-
tacted the senior author on each article in question to ask 
if patient overlap existed across more than one article. (3) 
If the senior author confirmed that overlap among cohorts 
existed, we included the article with the more relevant end-
points, specifically endpoints with clear CHD or ASD diag-
noses. If different endpoints or subgroups were reported, the 
overlapping cohorts were used.

Data Extraction

Study subjects included those with CHD diagnoses, an ASD 
diagnosis, a suspicion of possible ASD based on screening 
and symptom measures, as well as control subjects (children 
with CHD without ASD and heart-healthy subjects). Data 
including demographics, diagnoses, results from clinical 
testing, and risk factors was extracted. The main endpoints 
collected were sex, age, CHD diagnosis and ASD diagno-
sis/screening. Data extraction was checked for accuracy by 
another co-author (S.F.).

Comparisons Conducted

We categorized the studies for the meta-analysis based on the 
following study designs: (1) cohort studies to compare CHD 
vs. control non-CHD group and then examine the outcomes 

for ASD; (2) case–control studies to compare ASD vs. control 
non-ASD group and then examine the outcomes for CHD; 
(3) cohort studies to compare different intervention/expo-
sure groups among CHD patients and then examine the ASD 
outcomes.

Type 1 and 2 studies were used to assess the association 
between CHD and ASD, and thus were included for meta-
analysis. Type 3 studies were only used to summarize the ASD 
outcomes for CHD patients and compare associations between 
CHD surgery type and ASD outcome.

Meta‑Analysis

The quantitative estimates (frequencies of ASD and CHD, 
odds ratio [OR] and the corresponding 95% confidence inter-
vals [95% CI]) of association between CHD and ASD were 
extracted from each eligible study. Where the frequencies of 
CHD were not directly reported, they were reverse calculated 
from the reported OR, 95% CI and frequencies of ASD. Quan-
titative results not included in the meta-analysis were summa-
rized using descriptive statistics. Risk factors identified from 
these papers were also summarized.

Pooled estimates were obtained using a random effect mod-
els fit by a generalised linear mixed model [22]. Estimates 
were presented as odds ratios (OR) with 95% CI and presented 
graphically in forest plots. To quantify statistical heterogene-
ity between studies, the maximum-likelihood estimator was 
used to estimate the τ2 statistic (the estimate of between-study 
variance); the standard chi-square test was applied to examine 
the statistical significance of heterogeneity; and the  I2 statistics 
was reported to estimate the percentage of variability across 
studies attributable to heterogeneity beyond chance. Hartung-
Knapp adjustment was also applied for the random effects 
model to adjust test statistics and confidence intervals.

In order to examine the influence of study design on the 
effect estimate between CHD and ASD, a subgroup analy-
sis by study design was also conducted [23]; thus, the pooled 
estimates for each design and overall are reported, and a test 
for subgroup differences was used. Funnel plot was generated 
to assess any publication reporting bias (Fig. 2). When there 
is no publication bias, points will be scattered uniformly on 
each side of the center line; deviation from this pattern may 
be indicative of publication bias. No test for funnel plot asym-
metry was performed due to small number of studies (< 10) 
included in the meta-analysis, which may cause a low power 
of test so as not to distinguish chance from real asymmetry. A 
p-value of less than 0.05 was considered statistically signifi-
cant for all analyses. All statistical analyses were performed 
with R (Package “meta” [24]), version 4.1.0.
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Results

Screening Articles

A comprehensive review in Pubmed, Web of Science and 
Cochrane databases led to 2448 articles from Pubmed, 20 
from Cochrane, and 241 from ISI for a total of 2709 arti-
cles. We removed 2576 articles including duplicates and 
those that were irrelevant. In total, 65 published articles 
were selected for full text reading. Six additional articles 
were extracted from the references of selected articles and 
included for further analysis. A further 47 full text articles 
were excluded due to quality assessment, such as lack of suf-
ficient information about links between CHD and ASD. In 
total, 24 articles met the inclusion criteria and were included 
in the analysis (Fig. 1).

Demographics

These 24 studies were conducted based on 16 unique study 
populations. Among the 16 unique study populations, there 
was a total of 348,771 subjects (12,114 CHD, 9829 ASD 
and 326,828 controls). Patient age (range of 0–26 years) was 
reported in all studies, while most studies (15/16) reported 
an age range of 0–17 years. The proportion of males in the 
CHD, ASD and control groups were 50, 80, and 55%. CHD 
diagnosis ranged from non-specific (10/16), single ventri-
cle lesion (2/16), dextro-transposition of the great arteries 
(2/16), hypoplastic left heart syndrome (1/16) and tetral-
ogy of Fallot (1/16). Eight of the 16 studies reported CHD 
subjects who underwent cardiac surgery (Table 1). Thirteen 
studies commented on other risk factors for ASD (Table 1). 
Risk factors included preterm birth and the mother’s mental 
health during early childhood. Risk factors investigated but 
not found to be associated with ASD risk included hospital 

length of stay, use of extracorporeal membrane oxygenation 
(ECMO) and age at first surgery.

Eleven studies were retrospective and six were prospec-
tive in study design. Out of the 24 included studies, 20 were 
cohort studies and four were case–control studies (Table 1).

ASD and CHD Endpoints

The endpoints included number of subjects classified 
as having ASD according to the DSM-IV-TR, DSM-IV 
or DSM-5 or an assigned International Classification of 
Diseases (ICD) code for ASD (7/20), the autism spec-
trum quotient (ASQ) (7/20), the Pervasive Developmental 
Problem (PDP) Scale (4/20), the Social Responsiveness 
Scale (SRS) (2/20), the Social Communication Question-
naire (SCQ) (1/20), and being identified as “at risk for 
autism” (1/20). The “at risk for autism” category refers to 
when a child was evaluated by a psychologist or referred 
to an autism specialist due to symptoms but it was unclear 
whether the child met the criteria for an ASD diagnosis 
[25]. Many studies also used screening tests such as the 
ASQ or PDP rather than assessment tools such as the 
ADOS and ADI-R. The scores on screening measures 
such as the ASQ, PDP or SRS are not indicative of an 
ASD diagnosis but assess for symptoms that may indi-
cate the presence of a diagnosis. The ASQ is a screening 
instrument based on the diagnostic criteria for ASD and 
can be used with all age groups. It has good discrimina-
tive validity to separate ASD from non-ASD [26, 27]. 
The Child Behaviour Checklist (CBCL)/1.5–5 PDP is also 
a measure that covers a variety of behavioral and emo-
tional problems, and includes a screening scale for ASD 
and pervasive developmental disorders [28]. The SCQ 
is a screening instrument with validity against ADI-R, 
but could result in false positive findings, particularly 

Fig. 2  Funnel plot to assess the 
reporting bias
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when it is not used in the context of a comprehensive 
assessment as described above [29]. Studies that relied 
solely on these parent-reported screening tools were 
only included in the systematic review, while studies that 
explicitly identified an ASD diagnosis were eligible for 
the meta-analysis. Some studies reported two different 
ASD endpoints.

The remaining four studies reported congenital anom-
aly findings (3/4) or CHD diagnosis (1/4) in subjects with 
ASD. All studies reported increased congenital cardiac 
malformations in children with ASD.

Systematic Review

Six studies that were not added to the meta-analysis also 
revealed an increased rate of diagnosis of ASD or increase 
in symptoms suggestive of ASD in CHD patients com-
pared to the national or global prevalence of ASD [17, 25, 
30–33]. Overall, five articles reported a 4.66-fold increase 
in the risk of ASD cases in patients with CHD compared 
to that in the general population: (5.87 vs 1.14% of ASD 
cases in CHD vs the general population). The sixth study 
used a different method of reporting results.

Two studies with survival analysis have also reported 
an increased likelihood of being diagnosed with an ASD 
among patients with CHD compared to a control cohort, 
with up to a 5.02 hazards ratio [20, 34]. When adjust-
ing for variables such as extracardiac defects, being born 
at term, perinatal and early developmental delay (EDD) 
comorbidities, the risk was still higher for ASD in the 
CHD group than in the control group, confirming that 

CHD increased the risk of subsequent ASD later in life 
[20].

Meta‑Analysis

Studies that were (1) cohort studies comparing CHD vs. 
control non-CHD and examined the outcomes for ASD and 
(2) case–control studies comparing ASD vs. control non-
ASD and examined outcomes for CHD were included in 
the meta-analysis. Also studies that included patients with 
an ASD diagnosis using the gold standard were included in 
the meta-analysis. Seven articles were eligible for the meta-
analysis [20, 32, 35–39], which included information on a 
total of 250,611 subjects (3984 CHD, 9829 ASD). Three 
of them were cohort studies involving 947 ASD cases in 
176,479 individuals; while 4 were case–control studies 
which included 9,829 ASD cases in 74,132 individuals.

The overall summary estimate from these seven studies 
combined indicated that the odds of having ASD in individu-
als with CHD was 99% greater than those without CHD: OR 
1.99 (95% CI: 1.77–2.24). There was significant heterogene-
ity (p < 0.01) most of which was due to differences between 
studies  (I2 statistic = 76.0%, 95% CI: 49.4–88.6%) (Fig. 3).

The pooled summary estimates from the cohort studies 
indicated that the odds of having ASD in individuals with 
CHD was 329% greater than those without CHD: OR 4.29 
(95% CI: 2.84–6.49). Heterogeneity could not be reliably 
estimated  (I2 statistic = 0). The pooled summary estimates 
from the case–control studies indicated that the odds of hav-
ing ASD in individuals with CHD was 88% greater than 
those without CHD: OR 1.88 (95% CI: 1.66–2.12). There 
was significant heterogeneity (p < 0.01) most of which was 
due to differences between studies  (I2 statistic = 75.2%, 

Fig. 3  Forest plot on the association between CHD and ASD
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95% CI: 31.3%–91.0%). The Lauritsen study [36] reported 
a significantly increased odds of ASD compared to the other 
studies; because the CHD population had a low sample size, 
the study contributes low weight to the overall meta-analyses 
estimate so it is unlikely to skew the result.

Both cohort and case–control studies were consistent with 
an increase in odds of ASD with CHD; however, cohort 
studies generally had larger effect sizes: OR 4.29 (95% 
CI: 2.84–6.49) versus 1.88 (95% CI: 1.03–2.26); p < 0.01 
(Fig.  3). Although the effect estimates between-study 
designs varied, the directions of the association between 
CHD and ASD were consistent. Funnel plots showed some 
asymmetry and thus possible reporting bias (Fig. 2). The 
asymmetrical funnel plot indicates some evidence that stud-
ies with positive findings were reported selectively.

Discussion

The aim of this study was to determine the association 
between CHD and the incidence of ASD. Our results suggest 
that CHD patients are overall at increased risk of features 
of ASD. Explanations for the link between CHD and ASD 
remain to be further investigated, but certain risk factors 
during neonatal and childhood development, such as pre-
eclampsia, delayed cerebral development, postnatal white 
matter injury, preterm birth as well as genetics and cerebral 
hypoperfusion in the brain have been proposed [39–45].

Risk of ASD in CHD

As Jenabi et al. have shown, CHD is associated with an 
increase in ASD [46]. Based on our meta-analysis, we show 
that CHD patients are twice as likely to be diagnosed with 
ASD compared to non-CHD patients (Fig. 3). In fact, a study 
by Razzaghi et al. showed that children with CHD diag-
noses had an approximately five-fold increased odds of an 
ASD diagnosis [37]. While most studies find an increased 
diagnosis of ASD, one study found the prevalence of ASD 
diagnoses of children with complex CHD to be similar to 
that of the general population at < 1%. This result from this 
specific study may have resulted from the fact that authors 
defined the ASD diagnoses on the basis of parental reports 
only, rather than the “gold standard” comprehensive multi-
disciplinary diagnostic approach [44]; it is possible that if 
the children had received comprehensive ASD evaluations, 
the rate of ASD diagnosis may have been increased. The 
current “gold standard” diagnostic method is to conduct a 
thorough evaluation by a qualified professional or a team of 
professionals, involving clinical history, observations, and 
results from standardized assessments, to determine whether 
a patient meets the DSM-5 criteria for ASD. However, many 
previous studies used the DSM-IV criteria or ICD-9 codes 

for ASD. Regarding changes to the ASD diagnostic criteria 
from earlier versions of the DSM to the most recent one, 
there is evidence that fewer individuals who met criteria 
for ASD or pervasive developmental disorder (PDD) with 
DSM-IV or DSM-IV-TR also meet ASD criteria using the 
DSM-5 [47, 48]. Nevertheless, there is evidence suggesting 
that although this may be the case, a greater proportion of 
individuals met ASD criteria with both DSM-IV-TR and 
DSM-5, and that those who have more significant symptoms 
are more likely to meet criteria with both DSM versions 
[49].

Three studies evaluated the effect of CHD severity on 
ASD or neurodevelopmental (ND) impairment. In one study, 
the majority of children with CHD scored within the average 
range across different subscales of social interaction prob-
lems, revealing that ND impairment was subclinical [44]. 
Another study found that ND discrepancies were similar in 
the simple types of CHD and in complex CHD [33]; simi-
larly, Sigmon found significant associations of ASD with 
more mild types of CHD and generally no significantly 
higher risk of ASD with more severe CHD types [39].

Risk Factors

One key independent risk factor for ASD identified in the 
literature is the presence of EDD such as early cognitive and 
global developmental delays, which are usually detected dur-
ing the preschool stage [20]. Similarly, cognitive measures 
of CHD patients during early childhood (4 years of age) 
were consistently predictive of later behavioural outcomes 
at 10 years of age [44].

There is differing literature on whether perinatal factors 
are risk factors. Preterm birth and the mother’s mental health 
during early childhood are risk factors for outcomes in chil-
dren with CHD [44, 45]. Yet another study did not find that 
comorbid perinatal disorders were independent risk factors 
for ASD [20]. Factors such as congenital malformations, 
open heart surgery in infancy, low birthweight, and birth 
injury are factors typically associated with ASD risk [50]. 
Clinical factors that impact risk for developmental outcomes 
in CHD patients include prematurity, genetic abnormalities, 
history of mechanical support such as ECMO, prolonged 
length of stay in hospital (> 2 weeks in hospital) and abnor-
malities on neuroimaging among others [16].

Etiology

It has been postulated that part of the etiology between CHD 
and ASD involves a shared gene or environmental insult 
[17]. Although there may be a common genetic mechanism 
such as 22q11.2 deletion syndrome or CHARGE syndrome, 
the association between CHD and ASD exists when con-
trolling for these known genetic syndromes [39]. Previous 
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reports from the literature indicate that there are at least 9 
chromosomal anomalies where ASD was associated with 
CHD [51] and much overlap of the mutated genes in CHD 
and ASD [43].

Impaired neurological development may play a role in the 
developmental-behavioural phenotype of children with CHD 
[34]. Brain MRI studies reveal that neonates with CHD have 
immature brain development and smaller brain volumes, 
possibly due to abnormal fetal perfusion and oxygenation 
[42]. This brain immaturity at the time of cardiac surgery 
is associated with worse ND outcomes [45], as this may be 
coupled with treatment-related variables such as reduced 
cerebral blood flow or cerebral embolization, which may 
affect neurological development [34].

The occurrence of a seizure in the period right after CHD 
repair is associated with a higher frequency of repetitive 
and restricted behaviors, characteristics of ASD [52]. Epi-
lepsy also has an increased prevalence among children with 
ASD, leading to the hypothesis that CHD is linked to the 
development of ASD by cerebral hypoperfusion [39]. Previ-
ous research suggests that the more significant the cerebral 
hypoperfusion in the brain, the more significant the ASD 
symptoms [53].

Improving Outcomes for Children with CHD and ND

The improvement of the clinical outcomes of children with 
CHD begins with early identification of risk factors [20] 
as ND disorders like ASD emerge during childhood rather 
than later in life [34]. Early identification will allow for early 
treatment and care from both clinicians and parents. In order 
to improve the quality of diagnosis, it is important to follow 
gold standard diagnostic methods for assessing ASD where 
indicated. If children show emerging features of ASD, close 
and consistent follow-up to assess for developing symptoms 
is helpful [25].

It is also important to identify ND disorders early, so 
that optimal educational planning and interventions can be 
implemented to improve longer-term outcomes. There is 
a higher incidence of educational difficulties and a higher 
requirement for special needs schooling and remedial aca-
demic services in CHD patients compared to non-CHD 
patients [32, 54]. Tan et al. [25] demonstrated that patients 
with CHD who are at risk for ASD are younger and required 
more community and academic services than the subset of 
patients not at risk for ASD. By identifying those patients 
earlier, they can be better supported academically as they 
transition through school.

Limitations

The main limitation of this manuscript is the low number of 
studies reporting on associations between CHD and ASD. 

Few articles explicitly explored the association between 
CHD and ASD as the main focus of the article. Quite a few 
studies comparing ASD outcomes between CHD and non-
CHD groups used different tests that revealed symptoms of 
ASD, and thus a limited meta-analysis was conducted. While 
the meta-analysis indicates a positive association between 
ASD and CHD, the size of the effect is uncertain and more 
comprehensive studies are needed to measure the possible 
causal effect. We did not have sufficient studies to explore 
the impact of various moderators to explain the high het-
erogeneity. In addition, due to the small number of cohort 
studies included in the analyses, the heterogeneity estimate 
may tend to be 0  (I2 statistic = 0.0%, 95% CI: 0.0%–89.2%) 
(Fig. 3), which should be interpreted with caution [55]. Het-
erogeneity is a measure of how much variation there is in 
the effects across studies. When the heterogeneity is high, it 
can indicate that studies may not be comparable and/or some 
moderators should be included to model the possible reason 
for heterogeneity. The measurement of 0% heterogeneity is 
likely due to the low number of studies and therefore no 
possibility of accurately estimating the  I2 statistic, and not 
because the actual heterogeneity is 0%.

Some of the common limitations of the studies conducted 
were small sample size and limited comprehensiveness of 
medical information. Although there is no rule about the size 
of included studies, smaller studies have less precision and 
often higher risk of bias. Other limitations with the review 
were the inclusion of publications in our systematic review 
with non-formal screening assessments which could result 
in a false positive ASD diagnosis. Due to inconsistencies 
regarding the diagnostic criteria for ASD used in the stud-
ies included in our analysis (e.g., a comprehensive, multi-
disciplinary diagnostic evaluation versus an elevated score 
on a self-reported measure such as SRS), the number of 
ASD patients included could be inflated. It is imperative that 
future studies investigating the association between CHD 
and ASD include patients diagnosed with ASD using the 
“gold standard” approach to ASD diagnosis, which includes 
an evaluation by a multi-disciplinary team of professionals 
using standardized ASD assessment tools such as ADOS, 
ADI-R, as well as measures of cognitive ability, adaptive 
skills, and speech/language assessment for more accurate 
ASD identification. A further limitation of our study was the 
inability to differentiate and analyze whether there was an 
association between different CHD types and ASD.

Conclusions

This review outlines that patients with CHD are at an 
increased risk of presenting with an ASD diagnosis or symp-
toms suggestive of ASD. Early developmental delay, peri-
natal factors, genetics and neurological development were 
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potential risk factors and etiologies for the onset of ASD in 
patients with CHD. Systematic early screening and identifi-
cation is needed in order to assess for possible ASD among 
the CHD population as early as possible. Future larger pro-
spective studies exploring the relationship between CHD 
severity and ASD is warranted.

Author contributions Conceptualization: SG, SF, SS; Methodology: 
SG, AK, QZ, SF; Formal analysis and investigation: SG, AK, SF, QZ; 
Writing-original draft preparation: SG; Writing-review and editing: 
all authors; Supervision: SF, SS. All authors read and approved the 
final manuscript.

Declarations 

Conflict of interest The authors declare no competing interests.

References

 1. Khoshnood B, Lelong N, Houyel L, Thieulin AC, Jouannic JM, 
Magnier S, Delezoide AL, Magny JF et al (2012) Prevalence, tim-
ing of diagnosis and mortality of newborns with congenital heart 
defects: a population-based study. Heart 98:1667–1673

 2. Wu W, He J, Shao X (2020) Incidence and mortality trend of 
congenital heart disease at the global, regional, and national level, 
1990–2017. Medicine (Baltimore) 99:e20593

 3. Hoffman JI, Kaplan S (2002) The incidence of congenital heart 
disease. J Am Coll Cardiol 39:1890–1900

 4. Ko JM (2015) Genetic syndromes associated with congenital heart 
disease. Korean Circ J 45:357–361

 5. Richards AA, Garg V (2010) Genetics of congenital heart disease. 
Curr Cardiol Rev 6:91–97

 6. Sun R, Liu M, Lu L, Zheng Y, Zhang P (2015) Congenital heart 
disease: causes, diagnosis, symptoms, and treatments. Cell Bio-
chem Biophys 72:857–860

 7. Stout KK, Broberg CS, Book WM, Cecchin F, Chen JM, Dimo-
poulos K, Everitt MD, Gatzoulis M et al (2016) Chronic heart 
failure in congenital heart disease: a scientific statement from the 
American Heart Association. Circulation 133:770–801

 8. Wang T, Chen L, Yang T, Huang P, Wang L, Zhao L, Zhang S, Ye 
Z et al (2019) Congenital heart disease and risk of cardiovascu-
lar disease: a meta-analysis of cohort studies. J Am Heart Assoc 
8:e012030

 9. Ball L, Costantino F, Pelosi P (2016) Postoperative complica-
tions of patients undergoing cardiac surgery. Curr Opin Crit Care 
22:386–392

 10. Seed M (2017) In utero brain development in fetuses with con-
genital heart disease: another piece of the jigsaw provided by 
blood oxygen level-dependent magnetic resonance imaging. Circ 
Cardiovasc Imaging 10:e007181

 11. Griffin KJ, Elkin TD, Smith CJ (2003) Academic outcomes 
in children with congenital heart disease. Clin Pediatr (Phila) 
42:401–409

 12. Wray J, Sensky T (2001) Congenital heart disease and cardiac 
surgery in childhood: effects on cognitive function and academic 
ability. Heart 85:687–691

 13. Finkel GG, Sun LS, Jackson WM (2023) Children with congeni-
tal heart disease show increased behavioral problems compared 
to healthy peers: a systematic review and meta-analysis. Pediatr 
Cardiol 44:116–123

 14. Wernovsky G, Licht DJ (2016) Neurodevelopmental outcomes 
in children with congenital heart disease-what can we impact? 
Pediatr Crit Care Med 17:S232-242

 15. Huisenga D, La Bastide-Van GS, Van Bergen A, Sweeney J, Had-
ders-Algra M (2021) Developmental outcomes after early surgery 
for complex congenital heart disease: a systematic review and 
meta-analysis. Dev Med Child Neurol 63:29–46

 16. Marino BS, Lipkin PH, Newburger JW, Peacock G, Gerdes M, 
Gaynor JW, Mussatto KA, Uzark K et al (2012) Neurodevelop-
mental outcomes in children with congenital heart disease: evalu-
ation and management: a scientific statement from the American 
Heart Association. Circulation 126:1143–1172

 17. Gaynor JW, Nord AS, Wernovsky G, Bernbaum J, Solot CB, 
Burnham N, Zackai E, Heagerty PJ et al (2009) Apolipoprotein 
E genotype modifies the risk of behavior problems after infant 
cardiac surgery. Pediatrics 124:241–250

 18. Smith IC, Reichow B, Volkmar FR (2015) The effects of DSM-5 
criteria on number of individuals diagnosed with autism spectrum 
disorder: a systematic review. J Autism Dev Disord 45:2541–2552

 19. Lai MC, Lombardo MV, Baron-Cohen S (2014) Autism. Lancet 
383:896–910

 20. Tsao PC, Lee YS, Jeng MJ, Hsu JW, Huang KL, Tsai SJ, Chen 
MH, Soong WJ et al (2017) Additive effect of congenital heart 
disease and early developmental disorders on attention-deficit/
hyperactivity disorder and autism spectrum disorder: a nationwide 
population-based longitudinal study. Eur Child Adolesc Psychia-
try 26:1351–1359

 21. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, Shamseer L, Tetzlaff JM et al (2021) The PRISMA 
2020 statement: an updated guideline for reporting systematic 
reviews. BMJ 372:n71

 22. Jackson D, Law M, Stijnen T, Viechtbauer W, White IR (2018) 
A comparison of seven random-effects models for meta-analyses 
that estimate the summary odds ratio. Stat Med 37:1059–1085

 23. Mueller M, D’Addario M, Egger M, Cevallos M, Dekkers O, 
Mugglin C, Scott P (2018) Methods to systematically review and 
meta-analyse observational studies: a systematic scoping review 
of recommendations. BMC Med Res Methodol 18:44

 24. Balduzzi S, Rucker G, Schwarzer G (2019) How to perform a 
meta-analysis with R: a practical tutorial. Evid Based Ment Health 
22:153–160

 25. Tan A, Semmel ES, Wolf I, Hammett B, Ilardi D (2020) Imple-
menting standard screening for autism spectrum disorder in CHD. 
Cardiol Young 30:1118–1125

 26. Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley 
E (2001) The autism-spectrum quotient (AQ): evidence from 
Asperger syndrome/high-functioning autism, males and females, 
scientists and mathematicians. J Autism Dev Disord 31:5–17

 27. Woodbury-Smith MR, Robinson J, Wheelwright S, Baron-Cohen 
S (2005) Screening adults for Asperger syndrome using the AQ: 
a preliminary study of its diagnostic validity in clinical practice. 
J Autism Dev Disord 35:331–335

 28. Rescorla LA, Winder-Patel BM, Paterson SJ, Pandey J, Wolff JJ, 
Schultz RT, Piven J (2019) Autism spectrum disorder screening 
with the CBCL/1(1/2)-5: findings for young children at high risk 
for autism spectrum disorder. Autism 23:29–38

 29. Oosterling I, Rommelse N, de Jonge M, van der Gaag RJ, Swin-
kels S, Roos S, Visser J, Buitelaar J (2010) How useful is the 
Social Communication Questionnaire in toddlers at risk of autism 
spectrum disorder? J Child Psychol Psychiatry 51:1260–1268

 30. Neufeld RE, Clark BG, Robertson CM, Moddemann DM, Dinu 
IA, Joffe AR, Sauve RS, Creighton DE et al (2008) Five-year 
neurocognitive and health outcomes after the neonatal arterial 
switch operation. J Thorac Cardiovasc Surg 136:1413–1421

 31. Bean Jaworski JL, Flynn T, Burnham N, Chittams JL, Sammarco 
T, Gerdes M, Bernbaum JC, Clancy RR et al (2017) Rates of 



 Pediatric Cardiology

1 3

autism and potential risk factors in children with congenital heart 
defects. Congenit Heart Dis 12:421–429

 32. Davidson J, Gringras P, Fairhurst C, Simpson J (2015) Physi-
cal and neurodevelopmental outcomes in children with single-
ventricle circulation. Arch Dis Child 100:449–453

 33. Asschenfeldt B, Evald L, Heiberg J, Salvig C, Ostergaard L, Dalby 
RB, Eskildsen SF, Hjortdal VE (2020) Neuropsychological status 
and structural brain imaging in adults with simple congenital heart 
defects closed in childhood. J Am Heart Assoc 9:e015843

 34. Olsen M, Sorensen HT, Hjortdal VE, Christensen TD, Pedersen 
L (2011) Congenital heart defects and developmental and other 
psychiatric disorders: a Danish nationwide cohort study. Circula-
tion 124:1706–1712

 35. Hultman CM, Sparen P, Cnattingius S (2002) Perinatal risk factors 
for infantile autism. Epidemiology 13:417–423

 36. Lauritsen MB, Mors O, Mortensen PB, Ewald H (2002) Medical 
disorders among inpatients with autism in Denmark according to 
ICD-8: a nationwide register-based study. J Autism Dev Disord 
32:115–119

 37. Razzaghi H, Oster M, Reefhuis J (2015) Long-term outcomes in 
children with congenital heart disease: national health interview 
survey. J Pediatr 166:119–124

 38. Wier ML, Yoshida CK, Odouli R, Grether JK, Croen LA (2006) 
Congenital anomalies associated with autism spectrum disorders. 
Dev Med Child Neurol 48:500–507

 39. Sigmon ER, Kelleman M, Susi A, Nylund CM, Oster ME (2019) 
Congenital heart disease and autism: a case-control study. Pedi-
atrics 144:e20184114

 40. Mebius MJ, Kooi EMW, Bilardo CM, Bos AF (2017) Brain injury 
and neurodevelopmental outcome in congenital heart disease: a 
systematic review. Pediatrics 140:e20164055

 41. Omann C, Nyboe C, Kristensen R, Ernst A, Ramlau-Hansen CH, 
Rask C, Tabor A, Gaynor JW et al (2022) Pre-eclampsia is associ-
ated with increased neurodevelopmental disorders in children with 
congenital heart disease. Eur Heart J Open 2:027

 42. Rollins CK, Newburger JW, Roberts AE (2017) Genetic contribu-
tion to neurodevelopmental outcomes in congenital heart disease: 
are some patients predetermined to have developmental delay? 
Curr Opin Pediatr 29:529–533

 43. Jin SC, Homsy J, Zaidi S, Lu Q, Morton S, DePalma SR, Zeng 
X, Qi H et al (2017) Contribution of rare inherited and de novo 
variants in 2,871 congenital heart disease probands. Nat Genet 
49:1593–1601

 44. Werninger I, Ehrler M, Wehrle FM, Landolt MA, Polentarutti S, 
Valsangiacomo Buechel ER, Latal B (2020) Social and behavioral 
difficulties in 10-year-old children with congenital heart disease: 
prevalence and risk factors. Front Pediatr 8:604918

 45. Calderon J, Stopp C, Wypij D, DeMaso DR, Rivkin M, Newburger 
JW, Bellinger DC (2016) Early-term birth in single-ventricle con-
genital heart disease after the Fontan procedure: neurodevelop-
mental and psychiatric outcomes. J Pediatr 179:96–103

 46. Jenabi E, Bashirian S, Fariba F, Naghshtabrizi B (2022) The asso-
ciation between congenital heart disease and the risk of autism 
spectrum disorders or attention-deficit/hyperactivity disorder 
among children: a meta-analysis. Eur J Psych 36:71–76

 47. Bennet M, Goodall E (2016) A meta-analysis of DSM-5 autism 
diagnoses in relation to DSM-IV and DSM-IV-TR. Rev J Autism 
Dev Disord 3:119–124

 48. Yaylaci F, Miral S (2017) A comparison of DSM-IV-TR and 
DSM-5 diagnostic classifications in the clinical diagnosis of autis-
tic spectrum disorder. J Autism Dev Disord 47:101–109

 49. Peters WJ, Matson JL (2020) Comparing rates of diagnosis using 
DSM-IV-TR versus DSM-5 criteria for autism spectrum disorder. 
J Autism Dev Disord 50:1898–1906

 50. Gardener H, Spiegelman D, Buka SL (2011) Perinatal and neona-
tal risk factors for autism: a comprehensive meta-analysis. Pedi-
atrics 128:344–355

 51. Vorstman JAS, Parr JR, Moreno-De-Luca D, Anney RJL, Nurn-
berger JI Jr, Hallmayer JF (2017) Autism genetics: opportunities 
and challenges for clinical translation. Nat Rev Genet 18:362–376

 52. Gaynor JW, Jarvik GP, Gerdes M, Kim DS, Rajagopalan R, Bern-
baum J, Wernovsky G, Nicolson SC et al (2013) Postoperative 
electroencephalographic seizures are associated with deficits in 
executive function and social behaviors at 4 years of age following 
cardiac surgery in infancy. J Thorac Cardiovasc Surg 146:132–137

 53. Bjorklund G, Kern JK, Urbina MA, Saad K, El-Houfey AA, Geier 
DA, Chirumbolo S, Geier MR et al (2018) Cerebral hypoperfusion 
in autism spectrum disorder. Acta Neurobiol Exp (Wars) 78:21–29

 54. Kim DS, Stanaway IB, Rajagopalan R, Bernbaum JC, Solot 
CB, Burnham N, Zackai EH, Clancy RR et al (2012) Results of 
genome-wide analyses on neurodevelopmental phenotypes at four-
year follow-up following cardiac surgery in infancy. PLoS ONE 
7:e45936

 55. Friedrich JO, Adhikari NK, Beyene J (2007) Inclusion of zero 
total event trials in meta-analyses maintains analytic consistency 
and incorporates all available data. BMC Med Res Methodol 7:5

 56. Bellinger DC, Wypij D, Rivkin MJ, DeMaso DR, Robertson RL 
Jr, Dunbar-Masterson C, Rappaport LA, Wernovsky G et al (2011) 
Adolescents with d-transposition of the great arteries corrected 
with the arterial switch procedure: neuropsychological assessment 
and structural brain imaging. Circulation 124:1361–1369

 57. Bellinger DC, Watson CG, Rivkin MJ, Robertson RL, Roberts 
AE, Stopp C, Dunbar-Masterson C, Bernson D et al (2015) Neu-
ropsychological status and structural brain imaging in adolescents 
with single ventricle who underwent the Fontan procedure. J Am 
Heart Assoc. https:// doi. org/ 10. 1161/ JAHA. 115. 002302

 58. Bellinger DC, Rivkin MJ, DeMaso D, Robertson RL, Stopp C, 
Dunbar-Masterson C, Wypij D, Newburger JW (2015) Adoles-
cents with tetralogy of Fallot: neuropsychological assessment and 
structural brain imaging. Cardiol Young 25:338–347

 59. Gaynor JW, Ittenbach RF, Gerdes M, Bernbaum J, Clancy RR, 
McDonald-McGinn DM, Zackai EH, Wernovsky G et al (2014) 
Neurodevelopmental outcomes in preschool survivors of the Fon-
tan procedure. J Thorac Cardiovasc Surg 147:1276–1282

 60. Neal AE, Stopp C, Wypij D, Bellinger DC, Dunbar-Masterson C, 
DeMaso DR, Newburger JW (2015) Predictors of health-related 
quality of life in adolescents with tetralogy of Fallot. J Pediatr 
166:132–138

 61. Robson VK, Stopp C, Wypij D, Dunbar-Masterson C, Bellinger 
DC, DeMaso DR, Rappaport LA, Newburger JW (2019) Longi-
tudinal associations between neurodevelopment and psychosocial 
health status in patients with repaired D-transposition of the great 
arteries. J Pediatr 204:38–45

 62. Rollins CK, Watson CG, Asaro LA, Wypij D, Vajapeyam S, Bell-
inger DC, DeMaso DR, Robertson RL Jr et al (2014) White matter 
microstructure and cognition in adolescents with congenital heart 
disease. J Pediatr 165:936–944

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1161/JAHA.115.002302

	The Association Between Congenital Heart Disease and Autism Spectrum Disorder: A Systematic Review and Meta-Analysis
	Abstract
	Introduction
	Methods
	Search Strategy
	Data Extraction
	Comparisons Conducted
	Meta-Analysis

	Results
	Screening Articles
	Demographics
	ASD and CHD Endpoints
	Systematic Review
	Meta-Analysis

	Discussion
	Risk of ASD in CHD
	Risk Factors
	Etiology
	Improving Outcomes for Children with CHD and ND
	Limitations

	Conclusions
	References


