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Abstract

Background: Children with heart conditions, particularly CHDs, may experience adverse
neurodevelopmental and psychosocial outcomes. Our study aimed to: (1) compare national
prevalence of mental, behavioural, and developmental disorders among children by heart condition
status and (2) identify associated characteristics among children with heart conditions.

Methods: Nationally representative data from the National Survey of Children’s Health (2016—
2021) on U.S. children aged 6-17 years without Down syndrome were analysed. Caregivers
reported whether a healthcare provider told them their child has ever had a heart condition or
currently has depression, anxiety, ADHD, behavioural, or conduct problems, Tourette syndrome,
autism spectrum disorder, developmental delay, intellectual disability, learning disability, or a
speech or other language disorder. Logistic regression analysis compared disorder prevalence by
heart condition status and, among children with heart conditions, assessed whether disorders were
associated with demographic and contextual characteristics.

Results: Among 3,440 children with heart conditions, 42% had an examined disorder, compared
to 23% of 133,280 children without heart conditions (adjusted prevalence ratio = 1.8; 95%
confidence interval: 1.7, 2.0). Each disorder was more prevalent among children with versus
without heart conditions (adjusted prevalence ratio range: 1.9 to 5.1), with anxiety (22.1%),
ADHD (20.4%), and learning disabilities (19.6%) most common. Among children with heart
conditions, disorders were consistently associated with an increased number of adverse childhood
experiences.
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Conclusion: These findings support clinical guidelines recommending neurodevelopmental and
mental health screening and interventions for children with heart conditions and can be used as a
national baseline to gauge progress of guideline implementation.
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Introduction

Among paediatric heart conditions, CHD are the most common condition,! affecting

almost one in every 100 births in the United States of America.? Children with CHD
experience differences in neurological development, such as delayed cerebral maturation,
increased brain injuries and lesions, and structural abnormalities.3 In addition, social and
contextual factors may influence risk of poor psychosocial development among children and
adolescents with CHD.>8 For these reasons, children with CHD may be at an increased risk
for mental, behavioural, or developmental disorders, including anxiety,’~10 depression, 8
attention-deficit/hyperactivity disorder (ADHD),8:%11-14 pehavioural concerns,”915 autism
spectrum disorder, hereafter written as autism,11:12.1617 jntellectual disability,11:12 and
developmental delay.18

Only two U.S. nationally representative studies have examined this issue;1219 however,
these studies have not comprehensively examined all mental, behavioural, and
developmental disorders, and both use data from before 2012. The current study seeks

to address this knowledge gap by: 1) estimating the prevalence of mental, behavioural and
developmental disorders among a nationally representative sample of U.S. children with
and without heart conditions, such as CHD and 2) assessing demographic and contextual
characteristics associated with these disorders among U.S. children with heart conditions.

Materials and method

We utilized data from the National Survey of Children’s Health, conducted annually from
2016-2021 by the U.S. Census Bureau on behalf of the Health Resources & Services
Administration Maternal & Child Health Bureau.2® The National Survey of Children’s
Health generates a population-based cross-sectional sample of U.S. children 0-17 years
old. The survey includes weights to allow for the generation of nationally representative
estimates. Further information on the National Survey of Children’s Health is available
elsewhere.21-26

Given that many mental, behavioural, and developmental disorders do not emerge or are not
recognised in infancy and early childhood,2 the analytic sample was restricted to children
aged 6-17 years. Down syndrome is commonly comorbid with congenital heart conditions?®
and may influence an individual’s development more strongly than the heart condition itself;
thus, the analytic sample was also limited to children without a caregiver-reported Down
syndrome diagnosis.
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Children were categorised as having a heart condition if their caregiver responded *“Yes”
to the question, “Has a doctor or other health care provider EVER told you that this child
has a heart condition?” To understand what proportion of children with heart conditions
had congenital heart conditions, the percentage of children with heart conditions who were
born with their condition was calculated using 2020 and 2021 data, the first two National
Survey of Children’s Health surveys to ask this question. Children were categorised as
having a mental, behavioural or developmental disorder if the caregiver reported being
told by a healthcare provider (or educator, for relevant outcomes) that the child currently
has a mental, emotional, or behavioural disorder (depression, anxiety problems, ADHD,
behavioural or conduct problems, or Tourette syndrome) or a developmental disorder
(autism, developmental delay, intellectual disability, learning disability, or speech or other
language disorder). Each disorder was considered individually, in addition to composite
measures of whether the child had any mental, emotional, or behavioural disorder, any
developmental disorder, or any examined disorder.

The child’s sex, race and ethnicity, age, health insurance coverage, and adverse childhood
experiences, family income as a percent of the federal poverty level, primary caregiver
marital status, and highest level of caregiver education were all explored for potential
associations with examined disorders among children with heart conditions. Race and
ethnicity were included as a social construct, not as biological indicators. Similar to other
analyses,29:30 adverse childhood experience scores were categorised as 0, 1, 2-3, or 4

or more. Children missing data on heart condition status, any examined disorder, or any
demographic and contextual characteristics were excluded.

Demographic characteristics of the analytic sample were described according to heart
condition status. Rao-Scott chi-square p values with an alpha of 0.05 were used to
determine any statistical differences in demographic characteristics by heart condition
status. The weighted prevalence of each examined disorder was also calculated by heart
condition status. Accompanying 95% confidence intervals were calculated using Taylor
Series. Logistic regression analysis using the predicted marginal approach was used to
calculate adjusted prevalence ratios and 95% confidence intervals for examined disorders
by heart condition status, controlling for the child’s sex, race and ethnicity, family income,
and the highest level of caregiver education (Supplemental Figure S1). Logistic regression
analysis was also used to examine associations between each demographic and contextual
characteristics and each examined disorder outcome among children with a caregiver-
reported heart condition. A directed acyclic graph was created for each demographic and
contextual characteristic to inform confounders included in each model (Supplemental
Figure S2).31

Two sensitivity analyses were conducted, excluding 1) children with a caregiver-reported
genetic condition (aside from children with Down syndrome who were already excluded)
and 2) National Survey of Children’s Health data from the years impacted by the COVID-19
pandemic (2020 and 2021). For secondary analyses, the weighted percentages of children
with=1 examined disorder who had the following, according to heart condition status, were
calculated: (1) a special education or early intervention plan; (2) taken any medication
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because of difficulties with their emotions, concentration, or behaviour; and (3) received any
treatment or counselling from a mental health professional.

Weights and design parameters were included throughout analyses to account for complex
sampling and to produce nationally representative population-based estimates. Human
subjects review was not required because this was a secondary analysis of publicly available,
de-identified datasets.

An unweighted total of 154,845 children aged 6-17 years without caregiver-reported Down
syndrome was identified in the 2016-2021 National Survey of Children’s Health. After
excluding children with missing data, an analytic sample of 136,720 children remained
(Supplementary Figure S3). Some characteristics differed between those included and
excluded from the analysis. Notably, among children with and without heart conditions,
those included were less likely than those excluded to have =1 examined disorder
(Supplemental Table S1). Within the analytic sample, 3,440 children had a caregiver-
reported heart condition, representing a national weighted estimate of 972,486 children
with heart conditions in the United States of America or 2.3% of all U.S. children (Table
1). Only two National Survey of Children’s Health survey iterations (year 2020 and year
2021) during this study’s timeframe asked, “was this child born with the [heart] condition”;
88.7% of these children were reported to have been born with their heart condition. When
the caregiver reported that the child currently has the heart condition, 77.0% classified

it as mild, 15.3% as moderate, and 7.8% as severe. Compared to children without heart
conditions, those with heart conditions were more likely to have experienced a higher
number of adverse childhood experiences; race and ethnicity and health insurance coverage
were differentially distributed (corresponding p values <0.05; Table 1).

Experiencing =1 examined disorder was 1.8 times (95% confidence interval: 1.7-2.0) as
prevalent among children with heart conditions (42.0%) compared to those without (23.1%).
The prevalence of =1 mental, emotional, or behavioural disorder was 34.5% among children
with heart conditions and 18.7% among those without (adjusted prevalence ratio: 1.8, 95%
confidence interval: 1.6-2.0) (Figure 1). Each specific mental, emotional, or behavioural
disorder was significantly more prevalent among children with heart conditions compared to
those without, with adjusted prevalence ratios ranging from 1.9 for depression (confidence
interval: 1.6-2.4) and ADHD (confidence interval: 1.6-2.2) to 2.7 for Tourette syndrome
(confidence interval: 1.5-5.1). The most common mental, emotional, or behavioural disorder
among children with heart conditions was anxiety problems (22.1%), then ADHD (20.4%)
(Figure 1).

Currently experiencing =1 developmental disorder was 2.3 times (95% confidence interval:
2.0-2.5) as prevalent in children with heart conditions (25.9%) compared to those

without (11.3%; Figure 2). All specific developmental disorders were significantly more
prevalent among children with, versus without, heart conditions, with adjusted prevalence
ratios ranging from 2.5 for autism (confidence interval: 1.9-3.2) and learning disability
(confidence interval: 2.2-2.9) to 5.1 for intellectual disability (confidence interval: 3.7-6.9).
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The most common developmental disorders among children with heart conditions were
learning disability (19.6%) and developmental delay (15.9%) (Figure 2).

Among children with heart conditions, male sex, older age (12-17 years), having divorced,
separated, or widowed caregivers, having caregivers with less than a college education,

and higher adverse childhood experience scores were significantly associated with having
>1 mental, emotional, or behavioural disorder (adjusted prevalence ratio range: 1.3-3.4;
Table 2a). The largest adjusted prevalence ratios were observed with adverse childhood
experience scores; 67.3% of children with 4 or more adjusted prevalence ratios had 21
mental, emotional, or behavioural disorder compared to 20.0% of children with no adverse
childhood experiences (adjusted prevalence ratio = 3.4; 95% confidence interval: 2.6-4.4).
Factors associated with having a current mental, emotional, or behavioural disorder varied
according to the type of disorder. Males were 1.7-times as likely as females to have

ADHD (95% confidence interval: 1.2-2.4) and 1.8-times as likely as females to have
behavioural or conduct problems (95% confidence interval: 1.3-2.5). ADHD was 1.7-times
(95% confidence interval: 1.2-2.4) as prevalent among Non-Hispanic Black children than
Non-Hispanic white children, but no other significant associations were found for race and
ethnicity. All mental, emotional, and behavioural disorders were more prevalent among
children 12-17 years old compared to those 6-11 years old, except for behavioural or
conduct problems. Children whose family income was less than 200% of the federal poverty
level were significantly more likely to have depression (adjusted prevalence ratio range:
2.3-2.5). Children with caregivers who were divorced, separated, or widowed, compared

to married or cohabiting, had 1.4-1.9-times the prevalence of all mental, emotional, and
behavioural disorders, except for anxiety problems. Having caregivers with some college
or an associate degree, versus a college degree or higher, was significantly associated

with all mental, emotional, and behavioural disorders except ADHD (adjusted prevalence
ratio range: 1.3-1.8). Public, compared to private, insurance coverage was associated with
behavioural or conduct problems (adjusted prevalence ratio = 1.7; 95% confidence interval:
1.0-2.8). Finally, a positive dose—response relationship was observed between adverse
childhood experience score and all types of mental, emotional, and behavioural disorders
examined (adjusted prevalence ratio range: 1.6-6.5), where adjusted prevalence ratios for
each disorder increased with an increasing number of adverse childhood experiences.

When examining developmental disorders, male sex, Non-Hispanic Black race, lower
caregiver education, and higher adverse childhood experience scores were significantly
associated with having =1 developmental disorder among children with heart conditions
(adjusted prevalence ratio range: 1.2—-2.2; Table 2b). The largest adjusted prevalence ratios
were observed with adverse childhood experience scores; 44.4% of children with 4 or
more adverse childhood experiences had =1 developmental disorder compared to 18.2%

of children with no adverse childhood experiences (adjusted prevalence ratio = 2.2; 95%
confidence interval: 1.5-3.0). Demographic and contextual characteristics associated with
current developmental disorders also varied by type of disorder. All specific developmental
disorders examined were 1.4-2.9-times as prevalent in males compared to females, although
95% confidence intervals were wide and included 1.0 for intellectual disability. Intellectual
disability, learning disability, and speech or other language disorder were 2.4 (95%
confidence interval: 1.2-5.0), 1.6 (95% confidence interval: 1.1-2.3), and 1.6 (95% CI:
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1.0-2.5) times, respectively, as prevalent in Non-Hispanic Black children than Non-Hispanic
white children with heart conditions, though the 95% confidence interval included 1.0 for
speech or other language disorder. Children 12—17 years old were 1.8-times as likely than
those 6-11 years old to have autism (95% confidence interval: 1.1-3.0) and 1.4 times

as likely to have a learning disability (95% confidence interval: 1.1-1.8), but 0.7-times

as likely to have a speech or other language disorder (95% confidence interval: 0.5-1.0).
Family income and primary caregiver marital status were not significantly associated with
developmental disorders. Children of caregivers with a high school education or less

or some college or an associate degree, compared to a college degree or higher, were
significantly or marginally significantly as likely to have each developmental disorder except
intellectual disability (adjusted prevalence ratio range: 1.4-2.1). Public, compared to private,
health insurance coverage was significantly and positively associated with developmental
delay (adjusted prevalence ratio: 1.6; 95% confidence interval: 1.1-2.5). Lastly, a dose—
response relationship was observed with adverse childhood experience scores and autism,
developmental delay, and learning disability (adjusted prevalence ratio range: 1.2-4.9),
where children with increasing adverse childhood experience scores had a higher prevalence
of these developmental disorders.

Primary results did not substantially change when children with any reported genetic
conditions were excluded from the analysis, nor when excluding data from years 2020 and
2021 when the COVID-19 pandemic may have impacted associations (Supplemental Table
S2-S5). Results assessing associations with demographic and contextual characteristics
without data from years 2020 and 2021 are not shown due to a substantially reduced sample
size.

Among children experiencing =1 examined disorder, 59.2% of those with heart conditions
and 47.5% of those without reported receiving early intervention or special education in
their lifetime (p < 0.001). About 36.8% of children with and 37.4% of children without
heart conditions took medication in the past 12 months because of difficulties with their
emotions, concentration, or behaviour (p = 0.80). Receipt of any treatment or counselling
from a mental health professional in the past 12 months did not differ by heart condition
status (p= 0.66). About 40% received any treatment or counselling from a mental health
professional in the past 12 months, and 7% needed but did not receive it.

Discussion

In nationally representative U.S. data from the 20162021 National Survey of Children’s
Health, over two in five children with heart conditions had one or more examined disorder,
twice as high as children without heart conditions. Each specific disorder examined was
approximately two to five times more prevalent among children with, versus without,
heart conditions, with the greatest adjusted prevalence ratios for intellectual disability,
developmental delay, and speech or other language disorder. Among children with heart
conditions, over one in three had any mental, emotional, or behavioural disorder, and

over one in four had any developmental disorder. Anxiety problems, ADHD, and learning
disability were the most common, each affecting approximately one in five children

with heart conditions. Demographic and contextual characteristics were associated with
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each individually examined disorder among children with heart conditions, and included
male sex, Non-Hispanic Black race, older age, public health insurance, lower family
income, divorced, separated, or widowed primary caregiver marital status, lower caregiver
education, and adverse childhood experience score. Adverse childhood experience score
was consistently and most strongly associated with these disorders, exhibiting a positive
dose—response effect for almost all disorders. Sensitivity analyses did not notably change
the results. Among those with =1 disorder, some indicators of resource use did not differ
according to heart condition status, but early intervention or special education services were
more common in children with heart conditions.

These National Survey of Children’s Health results examining children with heart
conditions, including CHD, agree with previous studies suggesting that children with
CHD are at increased risk for mental, behavioural, and developmental disorders.”-9:11.12.18
However, our analysis is one of the first to examine Tourette syndrome in this population,
finding that 0.7% of children with heart conditions also have Tourette syndrome, almost
three times as prevalent compared to children without heart conditions. We are also one of
the first to provide a U.S. prevalence of speech or other language disorders among children
with heart conditions, though previous studies have identified elevated risks.32:33

Additionally, this study identified associations with specific disorders, including lower
family income with anxiety,10 older age with autism,2 and Non-Hispanic Black race and
ethnicity with intellectual disability,1 not examined in previous studies.”:8:14 Differences in
findings between previous studies and this one may be due to different sampling methods
and disorder classification, as this study uses caregiver-reported data. Findings from other
studies requiring formal diagnoses might be affected by inequitable access to diagnostic
services.8:34 Gonzalez et al. (2021) found that children who were not reported as white with
CHD were less likely than their Non-Hispanic white counterparts to have a diagnosis code
or documented treatment for anxiety and depression.8 Gonzalez and colleagues argued that
differences in disorder diagnoses by demographic and contextual characteristics reflected
systemic disparities in access to mental, behavioural, or developmental disorder care and
diagnoses, rather than physiologic differences.8 Additionally, while adverse child-hood
experiences scores are associated with poor mental and developmental outcomes in general
populations of children,3® our study is one of the first to observe this association and

find an increased prevalence of adverse childhood experiences among children with heart
conditions.

Our results support guidelines from organisations like the American Heart Association36-37
recommending neurodevelopmental and mental health interventions for children with CHD
and their caregivers during prenatal care,38 infancy,36 and across the lifespan.3’ To benefit
the mental health of individuals with CHD and their families, some recommend integrating
psychologists into CHD care.3” Healthcare professionals including paediatric cardiologists
have explored screening tools to measure mental well-being among their patients with
CHD39 and developed interventions to support affected individuals.*® Our findings can be
used as a baseline to gauge progress as these guidelines are implemented.
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Our study has several limitations. This analysis examined children with congenital and
acquired heart conditions, not limited to CHD, leading to some heterogeneity among the
children with heart conditions. However, 2020 and 2021 National Survey of Children’s
Health data showed that almost 9 in 10 children with heart conditions were born with

the condition. Heart condition, examined disorders, and all demographic and contextual
characteristics are caregiver-reported and are subject to misclassification. The child’s
cardiac surgical history was not available.#8: We could not discern temporality between
demographic and contextual characteristics and disorder outcomes. Due to missing data,
11.7% of children in National Survey of Children’s Health were excluded. Disorder
prevalence was slightly higher among excluded compared to included children, so we may
have underestimated the prevalence of examined disorders. Detection bias may have also
affected disorder prevalence; 91.0% of children with heart conditions in our analytic sample
saw a health care professional in the past 12 months, compared to 80.1% of children without
heart conditions; therefore, children with heart conditions may have had more opportunities
to have a disorder diagnosed. However, this analysis provides nationally representative
findings on prevalence and factors associated with these disorders among children with
heart conditions in the United States of America. Our sample of 3,440 children with heart
conditions is a large number with more recent data compared to prior studies.

Two in five U.S. children aged 6-17 years with heart conditions had one or more examined
mental, behavioural, or developmental disorders, almost twice that of their peers without
heart conditions. These results support national guidelines for screening children with CHD
for stressors and reduced health-related quality of life and connecting impacted families with
resources.36:37:39 Holistic support for a safe and secure environment may support the mental
health and developmental well-being of children with heart conditions and their families, as
adverse childhood experience score was the factor most strongly associated with examined
disorders, in addition to social determinants of health such as non-Hispanic Black race and
ethnicity, public health insurance coverage, and lower family income. These findings draw
attention to racial and socio-economic disparities in the well-being and development of
children with heart conditions in the United States of America. Screening, treating, referring,
and providing ample support for families of children with heart conditions in evidence-based
and cost-effective ways may help these children receive needed services and be set on a path
for positive neurodevelopment and mental health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ratio adjusted for the child’s sex, race and ethnicity, family income, and highest level

of caregiver education. ¥Any current depression, anxiety problems, ADHD, behavioral or

conduct problems, and/or tourette syndrome.
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