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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
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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.)
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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 IST 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 72 statistic (the estimate of between-study
variance); the standard chi-square test was applied to examine
the statistical significance of heterogeneity; and the I 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

@ Springer

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
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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 (» <0.01) most of which was due to differences between
studies (I 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 (I? 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%,

Association between CHD and Autism

CHD Non-CHD
Study Autism Total Autism Total
Razzaghi et al., 2015 6 374 883 158243
Tsao et al., 2017 30 3552 24 14208
Davidson et al., 2015 4 58 0 44
Wier et al., 2006 13 52 404 2432
Sigmon et al., 2019 401 1063 8359 33977
Hultman et al., 2002 9 27 399 2421
Lauritsen et al., 2002 2 13 242 34147
Overall effect (Random effects model) 5139 245472

Prediction interval

Heterogeneity: Tau” = 0; Chi’ = 24.97, df = 6 (P < 0.01); I = 76.0% [49.4%; 88.6%)]
Test for overall effect: P <0.01

Test for subgroup differences: Chi®=14.11, df = 1 (P <0.01)

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.

@ Springer

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 (I? 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 I? 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.
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