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Abstract

Objective: To examine how cognitive and motor limitations in children with heart disease are

associated with education and participation in extracurricular activities.

Design: Using 2009–2010 parent-reported data from the National Survey of Children with Special

Health Care Needs (NS-CSHCN), we examined prevalence of five functional limitations (learning/

concentration, communication, self-care, gross motor skills, and fine motor skills) by diagnosed

heart disease status using chi-square tests and multivariable logistic regression. Among CSHCN

with heart disease, we examined the associations between severity of each functional limitation

and missing �11 days of school in the past year, receiving special education services, and interfer-

ence with extracurricular activities.

Results: CSHCN with heart disease (n51,416), compared to CSHCN without (n528,385), more

commonly had “a lot” of difficulty in the five functional areas (P< .01; adjusted odds ratios: 1.8-

3.3). Among CSHCN with heart disease, “a lot” of difficulty with learning/concentration was most

common (35%), followed by communication (21%), self-care (14%), gross motor skills (12%), and

fine motor skills (10%). Among CSHCN with heart disease, compared to those without, respec-

tively, 27% and 15% missed �11 days of school, 45% and 29% received special education

services, and 49% and 29% experienced interference with extracurricular activities (P< .01 for all).

Level of difficulty with the five functional areas was associated with receipt of special education

services and participation in extracurricular activities (P< .001).

Conclusion: These results support the American Heart Association recommendations to screen chil-

dren with congenital heart disease for age-appropriate development and provide services when needed.
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1 | INTRODUCTION

Recent studies have documented that children with congenital heart

disease (CHD) have a higher prevalence of cognitive and motor limita-

tions compared to their peers.1–5 Additionally, children with CHD are

more likely to receive special education services3,6,7 and are at higher

risk for grade retention.8 The etiology of these limitations is most likely

multifactorial and may be due to genetic or chromosomal abnormalities,

abnormalities in fetal brain development secondary to altered cerebral

circulation in utero,9 as well as perioperative factors including single

ventricle physiology, hospital length of stay, and duration of cardiopul-

monary bypass.4,7,10

Less is known about how functional limitations experienced by

school-aged children and adolescents with CHD may affect their edu-

cation and participation in extracurricular activities.11 There are few
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population-based estimates of the percentage of children and adoles-

cents with CHD who experience functional limitations or need special

education services.2,3,6,7 Therefore, using the National Survey of Chil-

dren with Special Health Care Needs (NS-CSHCN) we examined the

prevalence of functional limitations among children with special health-

care needs (CSHCN) with diagnosed heart problems, including CHD.

While this sample of children may include those with congenital and

acquired heart disease, in the general population, the prevalence of

congenital heart disease (1 in 110 at birth, with an estimated 85%–90%

surviving into adulthood),12,13 far exceeds that of acquired heart disease

(3 in 10,000 for rheumatic heart disease14 to <1 in 100,000 for infec-

tive endocarditis15) In particular, we focused on whether children with

heart disease have more functional limitations in regard to learning/

concentration, communication, self-care, gross motor skills, and fine

motor skills compared to CSHCN without heart problems. Additionally,

we sought to evaluate whether these functional limitations were associ-

ated with school attendance, receipt of special education services, and

participation in extracurricular activities.

2 | METHODS

The 2009–2010 NS-CSHCN is a population-based survey of U.S. chil-

dren ages 0–17 years with special healthcare needs conducted by the

National Center for Health Statistics (https://www.cdc.gov/nchs/slaits/

cshcn.htm). The NS-CSHCN used a complex sampling strategy with

random-digit dialing of both landline and cell phones to contact house-

holds in the 50 states and the District of Columbia. The survey is

cross-sectional and children are not followed over time. Parents or

guardians (hereafter referred to as parents) were asked a series of five

questions about whether a child in the household used prescription

medicine, had more healthcare encounters than other children their

age, had limitations compared to other children their age, needed phys-

ical, occupational, or speech therapy, and/or had an emotional, devel-

opmental or behavioral problem in need of counseling or treatment. If

the parent answered “yes” to any one of the five questions above, the

parent was asked two additional questions on whether the specific

healthcare need arose from a medical, behavioral, or other health con-

dition and whether that condition had lasted or is expected to last 12

months or longer. If the parent answered “yes” to both of the two addi-

tional questions, then the child was considered to have a special

healthcare need and was eligible for inclusion in NS-CSHCN. If more

than one CSHCN resided in the household, the interviewer would ran-

domly select one child as the focus of the interview.

A parent of a CSHCN was asked whether his/her child has ever

been diagnosed with “a heart problem, including congenital heart dis-

ease,” excluding “harmless or innocuous heart murmurs” (yes/no). A

“heart problem” may include both congenital and acquired heart dis-

eases, as well as syndromes affecting the heart. CHD has a birth preva-

lence of about 1 per 110 children,12 while acquired heart diseases,

such as rheumatic heart disease,14 Kawasaki disease,16 cardiomyopa-

thy,17 and infective endocarditis,15 all have prevalence estimates

between 3 per 10,000 to <1 per 100,000, and 22q11.2 deletion

syndrome, 1 in 4,000 (https://ghr.nlm.nih.gov/). We hereafter refer to

these children as having “heart disease.”

Parents were also asked whether their child’s condition(s) “affects

his/her ability to do things other children do,” and about whether the

child “experiences a lot, a little, or no difficulty” with “learning, under-

standing, or paying attention” (learning/concentration), “speaking, com-

municating, or being understood” (communication), “taking care of him/

herself” (self-care), “coordination” (gross motor skills), and “using his/

her hands” (fine motor skills). In addition, parents with children aged 5

years and older were asked the number of school days the child missed

in the past year (dichotomized as <11 and �11 days as a marker of

absenteeism affecting school performance),18 whether the child needed

special education services, and whether the child’s condition interfered

with his/her ability to participate in sports, clubs, or other organized

activities. Demographic characteristics included the child’s sex, age,

race/ethnicity, and type of health insurance, whether the child has a

medical home, parental marital status, the highest educational level of

any household member, and family income as a percent of the federal

poverty level. A CSHCN was considered to have a medical home if he/

she met all five of the following medical home criteria as defined by

the American Academy of Pediatrics: 1) having a personal doctor or

nurse, 2) having a usual source for sick and well care, 3) receipt of

family-centered care, 4) no problems getting needed referrals, and 5)

receipt of effective care coordination when needed.19

We limited this analysis to children aged 6–17 years because some

5-year-olds have not reached school age. Among children 6–17 years,

we examined differences in demographic characteristics by heart dis-

ease status. Among the same groups, we examined differences in the

ability to do things other children do and the five functional limitations

listed above using chi-square tests and multinomial logistic regression.

Among CSHCN with heart disease, we examined differences in days of

school missed in the past year, receipt of special education services,

and interference with extracurricular activities, by level of difficulty

with functional area. In sensitivity analyses, we excluded individuals

with Down syndrome and, separately, we stratified analyses by age

group (6–9, 10–13, 14–17 years) because type of heart disease and

functional limitations may differ by age. All analyses were conducted in

SUDAAN to account for complex sampling design and weighted to pro-

vide population-based estimates.

3 | RESULTS

In the 2009–2010 NS-CSHCN, there were 32,948 CSHCN aged 6–

17 years; extrapolating to the general population this would repre-

sent 8.8 million CSHCN. Of those sampled, 32,916 (99.9%) had

information on heart disease and 29,801 (90.5%) had information

on functional limitations, educational outcomes, and demographic

characteristics of interest. CSHCN excluded from the analysis due

to missing data, compared to those included, were more likely to be

Hispanic, lower income, from less well-educated households,

insured publicly or uninsured, have unmarried parents, and have dif-

ficulty with learning/concentration and communication (P< .05 for
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all). The analytic sample comprised 1,416 CSHCN with heart disease

(5.0%; representing 400,000 U.S. CSHCN) and 28,385 CSHCN with-

out heart disease (95.0%; representing 7.5 million U.S. CSHCN).

Down syndrome was reported by 130 CSHCN with heart disease

(7.3%) and 149 CSHCN without heart disease (0.5%).

The majority of CSHCN with heart disease were non-Hispanic

white (62%), had private insurance (60%), had a family member with

more than a high school education (67%), had married parents (61%),

and did not have a medical home (64%). CSHCN with heart disease,

compared to those without, respectively, were more commonly female

(48.6% and 39.9%) and less likely to have a medical home (35.9% and

43.2%) than CSHCN without heart disease (chi-square P-value <.05

for both). Age, race/ethnicity, household income as a percent of the

federal poverty level, child’s insurance coverage, highest educational

level in household, and parental marital status did not differ

between CSHCN with heart disease and those without (chi-square

P-value .05 for all).

A larger percentage of CSHCN with heart disease, compared to

those without, respectively, had parents who said their child’s condi-

tion(s) always (27% and 14%) or usually (14% and 10%) affected his/

her ability to do things other children their age do (P< .001; Figure 1).

CSHCN with heart disease, compared to those without, had parents

who said their child more commonly had “a lot” of difficulty in the five

functional areas (P< .01; Figure 2). Among CSHCN with heart disease,

“a lot” of difficulty with learning/concentration was most common

(35%), followed by communication (21%), self-care (14%), gross motor

skills (12%), and fine motor skills (10%).

In all age groups, having heart disease was associated with not

being able to do things other children do, although this association

was strongest among those aged 14–17 years. Among CSHCN aged

6–9 years and 10–13 years, respectively, those with heart disease,

compared to those without, had 3.0 (95% CI: 1.8, 4.9) and 2.0 (95%

CI: 1.2, 3.4) times the odds of their condition always affecting their

ability to do things other children do (Table 1). In CSHCN aged 14–

17 years, those with heart disease, compared to those without, had

5.1 times the odds (95% CI: 3.2, 8.0) of their condition always

affecting their ability to do things other children do. Age group did

not modify the associations with the five functional areas. Among

all age groups combined, CSHCN with heart disease, compared to

those without, had 1.8 to 3.3 times the odds of having “a lot” of dif-

ficulty with all five functional areas, and 1.5 to 2.2 times the odds of

having “a little” difficulty for four of the five functional areas (com-

munication, self-care, fine motor skills, and gross motor skills).

Excluding individuals with Down syndrome from the models low-

ered the magnitude of point estimates slightly but did not affect the

direction or statistical significance of the associations (data not

shown).

Among CSHCN with heart disease, 27% missed �11 days of

school in the past 12 months, 45% received special education services,

and 49% experienced interference with participation in extracurricular

activities (Table 2); these percentages were significantly higher than

those among CSHCN without heart disease (15%, 29%, and 29%,

respectively, P< .01 for all). Level of difficulty with learning/concentra-

tion, self-care, gross motor skills, and fine motor skills was associated

with missing �11 days of school (P< .05 for all); among CSHCN with

heart disease who had “a lot” of difficulty in these four functional areas,

36% to 46% reported missing �11 days of school, compared to 20% to

24% of CSHCN with heart disease who had no difficulty. Level of

FIGURE 1 Frequency of the ability to do things other children do,
by heart disease status, among children with special healthcare
needs aged 6–17 years, National Survey of Children with Special
Health Care Needs, 2009–2010

FIGURE 2 Difficulty in functional area, by heart disease status, among children with special healthcare needs aged 6–17 years, National
Survey of Children with Special Health Care Needs, 2009–2010
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difficulty with communication was not statistically associated with

missing �11 days of school. Level of difficulty in the five functional

areas was associated with receipt of special education services

(P< .0001 for all). Among CSHCN with heart disease who had “a lot”

of difficulty with the five functional areas, 70% to 83% received special

education services, compared to 15% to 34% of CSHCN with heart dis-

ease who had no difficulty. Level of difficulty in the five functional

areas was associated with interference with extracurricular activities

(P< .01 for all). Among CSHCN with heart disease who had “a lot” of

difficulty with the five functional areas, 62% to 80% experienced inter-

ference with participation in extracurricular activities, compared to

38% to 44% of CSHCN with heart disease who had no difficulty

(P< .001 for all). Neither excluding the 279 CSHCN with Down syn-

drome from the analysis nor stratifying by age group affected preva-

lence estimates for missed school days, receipt of special education

services, or participation in extracurricular activities.

4 | DISCUSSION

This is the first population-based study to our knowledge on functional

limitations, educational needs and participation in extracurricular activ-

ities among school-aged CSHCN with diagnosed heart disease. We

found that for 40% of CSHCN with heart disease, their condition

always or usually prevented them from doing things other children do,

and CSHCN with heart disease experienced a greater level of difficulty

with learning/concentration, communication, self-care, gross and fine

motor skills than CSHCN without heart disease. CSHCN with heart dis-

ease also missed more days of school, more commonly received special

education services, and participated less in extracurricular activities

than CSHCN without heart disease. Among CSHCN with heart disease,

these outcomes were more common among those with functional limi-

tations. While a large percentage of CSHCN with heart disease and

functional limitations received special education services, up to 30%

TABLE 1 Functional limitations by heart disease among children with special healthcare needs aged 6–17 years, National Survey of Children
with Special Health Care Needs, 2009–2010

Adjusted odds ratioa 95% Confidence interval

Condition(s) affect ability to do things other children do

6–9 year-olds
Always 3.0 1.8, 4.9
Usually 2.3 1.2, 4.2
Sometimes 1.3 0.9, 2.0
Never 1.0

10–13 year-olds

Always 2.0 1.2, 3.4
Usually 2.2 1.2, 4.2
Sometimes 1.3 0.9, 2.1
Never 1.0

14–17 year-olds

Always 5.1 3.2, 8.0
Usually 3.2 1.8, 5.8
Sometimes 2.4 1.6, 3.6
Never 1.0

6–17 year-olds

Difficulty with learning/concentration
A lot 1.8 1.4, 2.3
A little 1.2 0.9, 1.5
None 1.0

Difficulty with communication
A lot 2.8 2.1, 3.7
A little 1.5 1.2, 2.0
None 1.0

Difficulty with self-care
A lot 3.1 2.2, 4.3
A little 1.7 1.3, 2.1
None 1.0

Difficulty with gross motor
A lot 3.2 2.3, 4.5
A little 2.2 1.8, 2.8
None 1.0

Difficulty with fine motor
A lot 3.3 2.3, 4.7
A little 2.1 1.6, 2.7
None 1.0

aAdjusted for sex, age, race/ethnicity, % federal poverty level, health insurance, highest level education of any household member, marital status, having
a medical home.
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with “a lot” of difficulty in one or more functional areas reported not

receiving special education services. It is unknown what percentage of

children in this sample have CHD, acquired heart disease, or syndromes

affecting the heart, but based on published population estimates, the

large majority likely have CHD.

These parent-reported results on functional limitations are

consistent with previous literature, based on results of assessment

tools and validated questionnaires, which report a higher level of

cognitive and motor limitations among children with

CHD.5,8,11,20,21 While some studies,8,22 but not all,11,20 have found

intelligence is generally within the normal range for individuals with

CHD, studies show that executive functioning, problem solving,

memory, and attention are impaired more often in children and

adolescents with CHD as compared to healthy population

controls5,8,21–25 and siblings.20 Researchers have found delayed

language development in toddlers with CHD,10 compared to popu-

lation means, which might be due to decreased brain white matter

volume.26 Delays in gross and fine motor development have also

been reported more commonly in toddlers23,27,28 and young

children29 with CHD compared to healthy controls, siblings/twins,

and population norms. Delays in motor skills have been associated

with longer cumulative hospital stays,29 younger gestational age at

birth,8 univentricular CHD anatomy,28 and genetic or extracardiac

anomalies.23 Additionally, functional limitations among individuals

with CHD seem to persist into adulthood, with reported increased

prevalence of cognitive difficulties as well as deficits in visuospatial

skills and working memory.30,31 Adults with more severe CHD are

also more likely to be unemployed and receive disability benefits.30

Of the limited published studies on associations between acquired

heart diseases, specifically Kawasaki disease, and cognition and

attention disorders, none found statistically significant associa-

tions.32,33 Heart-related syndromes, such as 22q11.2 deletion syn-

drome, are associated with a higher risk of developmental delays,

learning disabilities, attention deficit hyperactivity disorder, and

autism spectrum disorder (https://ghr.nlm.nih.gov).

Children with CHD, compared to those without, are also more

likely to receive special education services,3,6–8 have lower academic

achievement scores,7,34 and report more school absenteeism.2

TABLE 2 School attendance, special education needs, and interference with extracurricular activities overall and by functional limitations
among children with special healthcare needs with heart disease, aged 6–17 years, National Survey of Children with Special Health Care
Needs, 2009–2010

Days of school missed
in past 12 months

Received special
education services

Condition interferes
with extracurricular activities

N51,394a N5 1,407b N51,407

�11 <11 Yes No Yes No
Weighted %
(95% CI)

Weighted %
(95% CI)

Weighted %
(95% CI)

Weighted %
(95% CI)

Weighted %
(95% CI)

Weighted %
(95% CI)

Total 27.0 (23.1, 31.2) 73.0 (68.8, 76.9) 44.7 (40.1, 49.5) 55.3 (50.5, 60.0) 49.2 (44.5, 53.9) 50.8 (46.1, 55.5)

Difficulty with

self-carec,d,e

A lot 37.2 (26.0, 50.0) 62.8 (50.0, 74.0) 77.2 (64.1, 86.5) 22.9 (13.5, 35.9) 72.1 (56.0, 83.9) 28.0 (16.1, 44.0)
A little 34.1(24.5, 45.3) 65.9 (54.7, 75.5) 68.1 (57.3, 77.3) 31.9 (22.8, 42.7) 59.4 (49.3, 68.9) 40.6 (31.1, 50.7)
None 23.2 (18.8, 28.2) 76.8 (71.8, 81.2) 32.5 (27.3, 38.3) 67.5 (61.7, 72.7) 42.1 (36.6, 47.8) 57.9 (52.2, 63.4)

Gross motorc,d,e

A lot 46.2 (32.2, 60.9) 53.8 (39.2, 67.8) 83.4 (74.1, 89.8) 16.6 (10.2, 25.9) 77.5 (60.6, 88.5) 22.5 (11.5, 39.4)
A little 33.8 (25.3, 43.4) 66.2 (56.6, 74.7) 57.0 (47.6, 65.9) 43.0 (34.1, 52.4) 66.6 (57.2, 74.8) 33.5 (25.2, 42.8)
None 21.0 (16.7, 26.1) 79.0 (74.0, 83.4) 33.0 (27.6, 39.0) 67.0 (61.0, 72.4) 37.6 (32.0, 43.6) 62.4 (56.4, 68.0)

Fine motorc,d,e

A lot 42.5 (28.8, 57.4) 57.5 (42.6, 71.2) 82.9 (71.9, 90.2) 17.1 (9.8, 28.1) 80.4 (67.4, 89.1) 19.6 (10.9, 32.6)
A little 28.9 (20.2, 39.5) 71.1 (60.6, 79.8) 68.6 (57.4, 78.0) 31.4 (22.0, 42.6) 61.6 (50.7, 71.4) 38.4 (28.6, 49.3)
None 24.4 (19.9, 29.4) 75.7 (70.6, 80.1) 34.0 (28.8, 39.7) 66.0 (60.3, 71.2) 42.0 (36.6, 47.6) 58.0 (52.4, 63.4)

Learning or concentrationc,d,e

A lot 36.3 (28.9, 44.4) 63.7 (55.6, 71.1) 70.1 (61.7, 77.3) 29.9 (22.7, 38.3) 62.4 (53.8, 70.2) 37.6 (29.8, 46.2)
A little 24.7 (17.7, 33.3) 75.3 (66.7, 82.3) 52.6 (44.1, 60.9) 47.4 (39.1, 56.0) 42.0 (33.9, 50.5) 58.1 (49.5, 66.1)
None 19.8 (14.8, 25.9) 80.2 (74.1, 85.2) 15.2 (10.2, 21.9) 84.9 (78.1, 89.8) 41.9 (34.8, 49.5) 58.1 (50.5, 65.2)

Communicationd,e

A lot 35.0 (25.4, 45.9) 65.1 (54.1, 74.6) 79.3 (68.2, 87.2) 20.8 (12.8, 31.8) 67.8 (56.8, 77.1) 32.2 (22.9, 43.2)
A little 26.2 (18.9, 35.2) 73.8 (64.8, 81.1) 63.6 (53.4, 72.7) 36.4 (27.4, 46.6) 45.5 (35.8, 55.6) 54.5 (44.5, 64.2)
None 24.3 (19.5, 29.8) 75.7 (70.2, 80.5) 23.8 (19.0, 29.4) 23.8 (19.0, 29.4) 43.8 (38.0, 49.8) 56.2 (50.2, 62.0)

Abbreviation: CI, Confidence interval.
aLimited to children who attend school outside of the home.
bLimited to children who attend school or are home-schooled.
cP< .05 for chi-square association with �11 days of school missed in past 12 months.
dP< .0001 for chi-square association with received special education services.
eP< .001 for chi-square association with interference with extracurricular activities.
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However, less is known about how functional limitations are associated

with educational outcomes.35,36 In a study of 148 children and adoles-

cents with d-transposition of the great arteries, tetralogy of Fallot, or

single-ventricle CHD requiring a Fontan surgical procedure, patients

reported decreased metacognition (working memory and organization

of tasks) and more behavioral problems than the general population,

with decreased metacognition predicting poor school performance; an

association that was strongest for older adolescents.11 Similarly, our

results also showed that disparities in being able to do things other chil-

dren do may increase with age. As children with CHD age, cognitive

deficits and functional limitations may become more apparent37 and

lead to lower physical and psychosocial quality of life.38,39 However,

interventions shown effective among other CSHCN, such as structured

computerized training programs, mindfulness training, occupational

therapy, aerobic exercise,35 and special education services may prevent

or mitigate functional limitations in children with heart disease and

improve educational and social outcomes.

There are several limitations in the current analysis. All information

is based on parent report; however, parent report of children’s medical

conditions has been shown to correlate well with medical record data

in one study.40 As stated earlier, “diagnosed heart problem” is a hetero-

geneous group, comprised of children with congenital and acquired

heart problems and syndromes, the percentages of which in our

parent-reported data are unknown. However, the prevalence of con-

genital heart disease (1 in 110 at birth, with an estimated 85%–90%

surviving into adulthood),12,13 far exceeds that of acquired heart dis-

eases (prevalence of 3 in 10,000 for rheumatic heart disease,14 inci-

dence of 21/100 000 for Kawasaki disease, and incidence of <1 in

100 000 for infective endocarditis15) Therefore, the sample is likely

largely children with CHD. These results are generalizable to CSHCN

only, and not to all children with heart disease. Additionally, we

excluded 10% of the eligible individuals due to missing data, and heart

disease status did not differ among individuals included and excluded

from the analysis. Additionally, the results did not change substantially

when excluded individuals were included in unadjusted models. Finally,

CSHCN with heart disease, compared to those without, were more

commonly female and less likely to have a medical home. We adjusted

for these differences in multivariable models. Even with the limitations

above, this analysis is one of the first to examine the U.S. prevalence of

functional limitations among school-aged CSHCN with diagnosed heart

disease and their associations with school absenteeism, receipt of spe-

cial education services, and participation in extracurricular activities.

5 | CONCLUSION

Our results show that CSHCN with diagnosed heart disease experience

more functional limitations and educational challenges than CSHCN

without heart disease. These results support the American Heart Asso-

ciation recommendation to screen children with CHD for age-

appropriate development, starting early in life and continuing through-

out school age and adolescence, and provide preventive and/or thera-

peutic services for those in need.4
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