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Abstract

Objectives: Children with congenital heart disease (CHD) are at risk for psychological chal-
lenges, including internalising (e.g., depression, anxiety) and externalising (e.g., aggression,
inattention) problems. The present study aimed to investigate the development of psychological
concerns in early childhood by identifying predictors of behavioural and emotional problems in
toddlers with CHD. Methods: Children with CHD who were seen for neurodevelopmental (ND)
evaluation at 12 + 3 months of age, who completed the Bayley Scales of Infant Development-III
(BSID-III) and whose parents completed the Child Behavior Checklist (CBCL), a standardised
measure of emotional/behavioural problems at age 24-36 months, were included in the study
(n=144). CBCL scores were compared to test norms and classified as normal or abnormal.
A classification tree was used to assess the association between CBCL scores and demographic
and clinical variables. Results: Multi-variable tree analyses revealed lower BSID-III language
composite scores at age 9-15 months predicted clinical CBCL internalising (p < 0.001),
externalising (p = 0.004) and total scores (p < 0.001) at age 24-36 months. Lower maternal edu-
cation levels also predicted clinical CBCL internalising (p < 0.0001), externalising (p < 0.001)
and total scores (p <0.0001). Conclusions: Lower language abilities and lower maternal
education predict increased behavioural and emotional problems in toddlers with CHD.
These risk factors should be considered during routine ND evaluations to allow for earlier iden-
tification of children with CHD and their families who may benefit from psychological support.

Prior research has established that children with congenital heart disease (CHD) are at a higher
risk for psychological challenges,! with previous studies suggesting that up to 41% of children
with CHD exhibit behavioural and/or emotional problems.? In particular, children with CHD
are at a greater risk for experiencing problems related to internalising (e.g., depression, anxiety,
withdrawal) and externalising (e.g., behaviour problems, inattention) symptoms, when com-
pared to normative data or another type of control group such as siblings or healthy, same-aged
peers.!”” Earliest signs of psychological difficulties have been seen in infants with CHD as young
as 3 months old, who were noted to be more irritable, difficult to soothe and negative in mood
when compared to healthy infants.® These problems with emotional and behavioural regulation
are common during early childhood for children with CHD,’ and often continue as children age,
with one study suggesting that 65% of 10-19 year olds with CHD have met criteria for a
psychiatric diagnosis in their lifetime, compared to 22% of a referent population.'’

There has been growing interest in examining the development of psychological concerns in
children with CHD, especially young children. While low-severity emotional and behavioural
dysregulation and impairments in socialisation have been reported,'!~!* limited research has
examined risk factors that contribute to the development of behavioural and emotional prob-
lems at an early age in the CHD population.’ To address this gap in the literature, this study
aimed to identify predictors of behavioural and emotional problems in 2-year olds with
CHD. The identification of such risk factors, particularly if they are modifiable, could help
to inform early intervention services that may prevent later emotional and behavioural distress
in this population. The study was exploratory in nature, with no a priori hypotheses regarding
which risk factors may predict outcomes, given the paucity of research on behavioural and emo-
tional functioning in this young age group. However, demographic and treatment variables,
such as race, parental education level, history of prematurity, cardiopulmonary bypass
(CPB) time and surgical complexity were explored as potential risk factors, given that these fac-
tors have been shown to be related to developmental outcomes in very young children.!4-1¢
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Children with CHD were referred to the Herma Heart
Institute (HHI) Developmental Follow-up Clinic at Children’s
Wisconsin (CW) for evaluation if they were classified as high risk
for developmental disorder or disability by current American
Heart Association (AHA)/American Academy of Pediatrics
(AAP) guidelines.! These children were evaluated by a multi-
disciplinary team (developmental paediatrician, advanced
practice nurse, occupational therapist, physical therapist, speech
therapist). Although evaluations were recommended to occur
approximately every 6 months between 6 months and 3 years
of age, some children did not complete all of the recommended
visits.

Children evaluated between 24 and 36 months of age were
eligible for this study if they had the Child Behavior Checklist
(CBCL)" completed by a parent or guardian, as well as a prior neu-
rodevelopmental evaluation at 12+ 3 months of age using the
Bayley Scales of Infant Development-III (BSID-III).'® Informed
consent was provided by parents to include their child’s data
into a databank approved by the Institutional Review Board at
CW. No children were excluded from the study due to coexisting
medical or genetic conditions. Because tests were administered
in English, children who did not speak English were not included
in the study.

At the 12 + 3 month assessment, children were administered the
BSID-IIL.'® This measure of development assesses cognitive,
language and motor skills and provides composite scores for these
three domains (mean = 100, SD = 15). In addition, subscale scores
for expressive and receptive language, and fine and gross motor
skills can be calculated (mean = 10, SD = 3). Higher scores indicate
better skills. BSID-III scores have been shown to correlate with
later preschool IQ scores, and have sensitivity and specificity to
discriminate clinical cases from normal cases.!® For purposes of
this study, the cognitive, language and motor composite scores
were used in statistical analyses.

When children were between 24 and 36 months of age,
their parents or guardians completed the CBCL.!” The CBCL is
a standardised measure of emotional/behavioural problems, and
it provides composite T scores for internalising, externalising
and total problems. This measure has strong psychometric proper-
ties with test-retest reliability of 0.85, and criterion-related
validity being established by all items discriminating significantly
(p < 0.01) between children who were referred versus those that
were not referred to a mental health clinic for behavioural
problems. Patient scores were compared to test norms and
classified as normal (T <64), borderline (T=65-69) and
abnormal (T > 70). Higher scores indicate more problems. For
the purposes of this study, borderline and abnormal scores were
both categorised as “abnormal.”

At the 12-month clinic visit, parents completed a
demographic form which provided information regarding parental
education and occupation and family constellation. Information
was also collected about any intervention services (speech therapy,
physical therapy, occupational therapy) that the child was
currently receiving or had received in the past. Information regard-
ing medical variables and treatment characteristics were gathered
via chart review.
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Median and interquartile range (IQR) were used to summarise
continuous or ordinal data and frequencies (%) were used for
categorical data. A Mann-Whitney test was used to examine
the relationship between a continuous variable and outcomes
(internalising, externalising and total problems; normal versus
abnormal). A Chi-square or a Fisher’s exact test was used to exam-
ine the relationship between categorical variables. Multi-variable
analyses were conducted using a classification tree model to exam-
ine important associations with outcomes. The advantages of a tree
approach include: it is able to identify thresholds; unlike a typical
general linear model, it allows for interaction between many
interrelated covariates and for the form of the covariates to be
investigated and the resulting decision tree is transparent. A tree
approach was selected as we were interested in identifying thresh-
old scores, and we expected that there would be interactions
between variables that would not be detected using logistic
regression. The tree was optimised by Gini with 10-fold cross
validation, and the split criteria were 10 for parent node and
5 minimal for terminal node. The considered variables included:
sex, race, whether the child was first born in the family, parental
education level, maternal age, gestational age at birth, history of
prenatal diagnosis, history of premature birth, history of trans-
plant, history of extracorporeal membrane oxygenation (ECMO),
CPB, age at first open-heart procedure, Society of Thoracic
Surgeons (STS) risk of mortality score and BSID-III scores at
12 +3 months of age. Missing data were handled using listwise
deletion method for univariable analysis, which assumes that data
are missing completely at random. In multi-variable tree analysis,
CART handles missing data in the database by substituting
“surrogate splitters”. An unadjusted two-sided p-value of <0.05
was considered as significant. All statistical analyses were
performed using SAS version 9.4 (SAS Institute, Cary, North
Carolina) and Salford CART 8.0."

From 2007 to 2018, 317 children with cardiac diagnoses were seen
in the HHI Developmental Follow-up Clinic for 24-36-month-old
preschool developmental testing. Of these 317 children, 144 had
both BSID-III completed at 12 +3 months, as well as a CBCL
completed by parent/guardian between 24 and 36 months of age
and met the criteria to be included in this study.

Demographical characteristics of the sample are presented in
Table 1. Median gestational age of the patients was 39 weeks
(IQR = 37-39). Age of mothers and fathers at the time of patient’s
birth was 31 years (IQR=27-35) and 32 years (IQR =28-37),
respectively. Thirty-seven percent (n=>54) of patients were
first-born children in the family. Treatment characteristics are pre-
sented in Table 2. Seventeen percent (n = 24) of patients had their
first open-heart procedure at less than 7 days of age, 44% (n = 63)
had their first open-heart procedure at less than 30 days of age, 5%
(n=7) had a history of ECMO and 2% (n = 3) had received a heart
transplant.

On the BSID-III, the majority of the patients fell within the
normal range for cognitive (x =116, 81%), language (x=101,
71%) and motor (x=75, 52%) scores. 19% of the patients
fell within the abnormal range for cognitive, 29% for language
and 48% for motor scores. On the CBCL, the majority of the
patients fell within the normal range for total problems (x =124,
86%), internalising problems (x=120, 83%) and externalising
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Table 1. Sample demographics n =144

Demographics n (%)
Sex: male 64 (44)
Race/ethnicity

White, non-hispanic 106 (74)
Other 34 (24)
Missing 4 (3)
Maternal education

College grad or more 66 (46)
Some college 36 (25)
High school or less 27 (19)
Missing 15 (10)
Family constellation

Married 87 (60)
Single 19 (13)
Other 7(5)
Missing 31 (22)
Prenatal diagnosis: yes 80 (56)
Premature: GA < 37 weeks* 20 (14)
Anatomy

Two ventricle 104 (72)
Single ventricle 36 (25)
Cardiomyopathy 4 (3)
Comorbidities

None 57 (40)
Other medical 47 (33)
Genetic 40 (27)

*GA, gestational age.

Table 2. Subject and treatment characteristics

Interquartile range

Median (25th-75th percentile)
Age at first cardiac surgery, days 34 7-144
Highest STS category operation 4 3-4
Length of hospitalisation, days* 32 20-67
CPB time, minutes*,** 164 108-256
DHCA time, minutes*,*** 0 0-15
Early intervention Yes = 97% (Missing N = 39)

(past, 0-3 years old)

CPB, cardiopulmonary bypass; DHCA, deep hypothermic circulatory arrest.
*Cumulative to the time of 1 year neurodevelopmental assessment.
**Sixteen subjects never had open heart surgery.

***Ninety-three subjects had DHCA.

problems (x = 129, 90%). 14% of the patients fell within the abnor-
mal range for total problems, 17% for internalising problems and
10% for externalising problems. For reference, in a normal
population, 85% of scores would be expected to fall within the
normal range and 15% would be expected to fall within the
abnormal range.
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Statistically significant relationships between demographic/
treatment variables, BSID-III scores at age 12 +3 months and
CBCL scores at age 24-36 months are presented in Table 3. In uni-
variate analyses, abnormal internalising scores were associated
with higher STS risk of mortality score (p = 0.006), longer length
of hospitalisation (p=0.002), lower maternal education
(p <0.001) and lower scores on all BSID-III composite scores:
cognitive (p = 0.001), language (p < 0.001) and motor (p < 0.001).
Abnormal externalising scores were associated with longer
length of hospitalisation (p=0.032), lower maternal education
(p<0.001) and lower BSID-III language scores (p=0.005).
Finally, abnormal total problems scores were associated with lower
maternal education (high school graduate and below) (p < 0.0001),
lower paternal education (p=0.002), race (non-White)
(p=0.005), presence of other medical or genetic conditions
(p=0.030) and lower BSID-III language scores (p = 0.003).

Results of the multi-variable tree analyses are presented
in Figures 1, 2, and 3. Lower BSID-III language scores, with a
cutoff score of <95, at age 12 + 3 months were an important pre-
dictor of abnormal CBCL internalising (p < 0.001), externalising
(p=0.004) and total scores (p <0.001) at age 24-36 months.
Maternal education level was also an important predictor of abnor-
mal CBCL scores; children with mothers who had a high school
diploma or less education were more likely to exhibit internalising
(p <0.0001) and total problems (p < 0.0001) at age 24-36 months
compared to children whose mothers had some college education
or more. Children with mothers who had some college education
or less were more likely to exhibit externalising problems at
age 24-36 months (p <0.001) compared to children whose
mothers had a college degree or beyond. The following variables
were no longer significant in multi-variable analyses: STS risk of
mortality score, hospital length of stay, minority race or presence
of other medical or genetic conditions.

Results of this study suggest that lower language abilities and lower
maternal education predict increased internalising, externalising
and total problems in toddlers with CHD. This is consistent with
previous studies in the general paediatric population that have
found that delays in language vocabulary as early as 18 months
of age were associated with higher rates of internalising and exter-
nalising problems,?” and children with higher language ability were
reported to have less inattentive-hyperactive problems.?! Parental
education level has also been previously shown to be related to
child mental health problems, with children whose parents
had at least a college degree exhibiting fewer externalising and
ADHD symptoms.?* Finally, higher parental education level has
been shown to be associated with better developmental skills
in children.” Thus, parental education level, which tends to be cor-
related with family socioeconomic status, may serve as a significant
protective factor for children in their overall psychosocial develop-
ment. This points to the importance of interventions that target the
family system, not just the child, and the need to address social
determinants of health.

It is interesting to note that the tree analysis identified that a
cutoff score of <95 on the BSID-III should be considered “low”;
however, BSID-III norms (mean =100, SD = 15) define a score
of <85 as low. Several previous studies have suggested that the
BSID-III may overestimate abilities, as patients score higher on
the BSID-IIT compared to previous versions of the test.?4~2° A study
of 2 year olds looked at the BSID-III composite scores in preterm
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Internalising score

Externalising score

Total score

Median (IQR) or n (%)

Median (IQR) or n (%)

Median (IQR) or n (%)

Normal Abnormal Normal Abnormal Normal Abnormal
n 120 24 129 15 124 20
STS mortality 3.0 (2.0, 4.0) 4.0 (4.0, 5.0)** 4.0 (2.5, 4.0) 4.0 (4.0, 5.0) 4.0 (93.0, 4.0) 4.0 (3.5, 4.5)
Hospital LOS 30.0 (17.0,59.0)  72.0 (29.0, 123.0)***  32.0 (20.0,59.0)  96.0 (25.0, 152.0)*  32.0 (20.0, 60.0)  56.0 (25.0,133.0)

BSID Cognitive Score

100.0 (90.0, 110.0)

85.0 (75.0, 100.0)***

95.0 (90.0, 110.0)

87.5 (80.0, 105.0)

95.0 (90.0, 110.0)

90.0 (80.0, 100.0)

BSID Language Score

94.0 (86.0, 130.0)

83.0 (71.0, 89.0)***

94.0 (83.0, 103.0)

83.0 (74.0, 89.0)***

94.0 (86.0, 103.0)

83.0 (74.0, 89.0)***

BSID Motor Score

88.0 (76.0, 97.0)

71.5 (58.0, 85.0)***

86.5 (73.0, 95.5)

73.0 (61.0, 94.0)

88.0 (73.0, 97.0)

73.0 (62.5, 92.5)

Maternal education

High school grad 15 (14) 12 (54)*** 19 (16) 8 (58)*** 16 (15) 11 (58)***
Some college 31 (29) 5(23) 32 (28) 4 (28) 32 (29) 4 (21)
College grad. and 61 (57) 5 (23) 64 (56) 2 (14) 62 (56) 4 (21)
above
*For p <0.05.
**For p < 0.01.
***p <0.005.
Outcome: Internalizing Problems
Normal Abnormal
120 (83.3%) 24 (16.7%)
[ |
BSID Language > 95 N=61 BSID Language <= 95 N=81
Pe.001 Normal Abnormal Normal Abnormal
59 (96.7%) 2 (3.3%) 60 (74.1%) 21 (25.5%)
\
|
Maternal Education Maternal Education
Some College and above N=56 High School and lower N=16
P<.0001
< Normal Abnormal Normal Abnormal
47 (83.9%) 9 (16.1%) 5 (31.3%) 11 (68.8%)

Figure 1. Multi-variable tree analysis for predictors of internalising problems at age 24-36 months. BSID-IlI, Bayley Scales of Infant and Toddler Development, Third Edition.

Outcome: Externalizing Problems

Normal Abnormal

129 (89.6%) 15 (10.4%)

{

BSID Language > 95 N=61

BSID Language <= 95 N=81

P=0.004 Normal Abnormal Normal Abnormal
60 (98.4%) 1(1.6%) 68 (84.0%) 13 (16.0%)
|
Maternal Education Maternal Education
College graduate and above Some college and lower N=39
P<.001 N=33
_ Normal Abnormal
Normal Abnormal
27 (69.2%) 12 (30.8%)
33 (100%) 0 (0%)

Figure 2. Multi-variable tree analysis for predictors of externalizing problems at age 24-36 months. BSID-III, Bayley Scales of Infant and Toddler Development, Third Edition.
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Outcome: Total Problems

Normal

124 (86.1%)

BSID Language > 95 N=61

Abnormal

20 (13.7%)

BSID Language < =95 N=81

P<0.001 Normal Abnormal Normal Abnormal
60 (98.4%) 1(1.6%) 63 (77.8%) 18 (22.2%)
Maternal Education Maternal Education
P<.0001 High school and lower N=16 Some college and above N=56
<,
Normal Abnormal Normal Abnormal
5(31.3%) 11 (68.8%) 50 (89.3%) 6 (10.7%)

Figure 3. Multi-variable tree analysis for predictors of total problems at age 24-36 months. BSID-IlI, Bayley Scales of Infant and Toddler Development, Third Edition.

versus term children and found that the term children had a
language mean score of 108.2 (SD 14.8), almost 10 points above
the standardised mean of 100.* This suggests that if a score of
<85 is used to indicate a delay, children with actual deficits may
be missed. Therefore, the cutoff score of <95 that was suggested
by the tree analysis in this study may be more sensitive in
identifying which children may be more at risk. Alternatively, it
is possible that because the language expectations are so low for
BSID-III testing near age 12 months, low language scores may
actually be reflecting a more global developmental delay versus
a language delay, and thus the relationship may be between global
developmental delay (not language) and the development of later
psychosocial concerns. This would have important implications
for interventions, which could address more global developmental
skills in addition to targeting speech and language.

The current study fills an important gap in the literature
as it identifies risk factors that contribute to the development of
behavioural and emotional problems in very young children
with CHD. Few studies have reported psychosocial outcomes of
children with CHD as young as 2 years with a standardised tool
such as the CBCL, and thus, there is limited information about
the rates of behavioural and emotional concerns in children with
CHD at this age. Results indicate that the rates of behaviour
problems in this young sample of children with CHD did not
differ significantly from population norms; thus interventions that
target this subset of children at higher risk for problems may be
warranted. More research is needed on psychosocial outcomes
in young children with CHD.?

Limitations of this study include that findings are
based on a single centre, and thus results may not generalise to
all children with CHD. In addition, a healthy control group was
not included, and comparisons were made based on test normative
values. The CBCL is a parent report measure, and therefore scores
of child emotional and behavioural problems may be subjective
since they are not based on direct observation. Future studies
should include measures that do not rely exclusively on parent
report.”’

Other variables that were significant in univariate analysis, but
not multi-variable analysis, such as longer length of hospitalisation,
presence of other medical or genetic conditions, and minority race
have previously been identified as risk factors for developmental
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delays.'*1 However, their relationship to behavioural and
emotional problems in very young children is less well established.
It is possible that these factors may have been significant had
the CBCL been administered when children were older, when
behavioural and emotional problems are more apparent. In addi-
tion, with a larger sample size, these variables might be significant
in a multi-variable analysis. However, in this study, language abil-
ities and maternal education have clearly been identified as more
important predictors of early behavioural and emotional problems.

Conclusions

Children with CHD who have early language delays and mothers
with less education are at risk for developing behavioural and emo-
tional problems over time. Serial, longitudinal follow-up is needed
in this population to evaluate for internalising and externalising
problems as children age. If problems can be identified earlier in
these children, interventions can be implemented sooner, resulting
in better outcomes for these children.
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