
Journal of the American Heart Association

J Am Heart Assoc. 2021;10:e021749. DOI: 10.1161/JAHA.121.021749� 1

 

ORIGINAL RESEARCH

Association Between Sleep Disturbances 
With Neurodevelopmental Problems and 
Decreased Health-Related Quality of Life in 
Children With Fontan Circulation
Kirstin Knobbe, MD; Meghana Partha , BS; Michael D. Seckeler , MD; Scott Klewer , MD;  
Chiu-Hsieh Hsu, PhD; Jamie Edgin, PhD; Wayne J. Morgan, MD; Natalie Provencio-Dean, MS; Silvia Lopez, RN; 
Sairam Parthasarathy, MD; Daniel Combs , MD

BACKGROUND: Children with Fontan circulation are known to be at increased risk for neurodevelopmental problems and de-
creased health-related quality of life (HRQOL), but many factors that may contribute to this risk are unknown. Sleep distur-
bances may be one previously unidentified factor that contributes to this risk.

METHODS AND RESULTS: We analyzed data from the Pediatric Heart Network Fontan cross-sectional study to evaluate associa-
tions between a parent or child report of sleep disturbance with reported neurodevelopmental concerns and HRQOL in 558 
children with Fontan circulation. Parent-reported sleep disturbance was present in 11% of participants and child-reported 
sleep disturbance was present in 15%. Parent-reported sleep disturbance was associated with a significantly higher risk of 
attention problems, anxiety, depression, behavioral problems, and developmental delay (P<0.001 for all). Similarly, parent-
reported disturbance was associated with decreased HRQOL on both parent and child-reported HRQOL (P<0.001 for most 
domains). Child-reported sleep disturbances were associated with increased odds of anxiety, depression, and attention 
problems as well as worse HRQOL. These associations were present even after adjustment for cardiac, demographic, and 
socioeconomic factors that may affect HRQOL and neurodevelopmental status.

CONCLUSIONS: Sleep disturbances in children with Fontan circulation are associated with an increased risk of neurodevelop-
mental problems as well as reduced HRQOL compared with those without sleep disturbance. Better understanding of sleep 
disturbances is needed in children with Fontan circulation, as sleep disturbances may represent a reversible cause of neu-
rodevelopmental problems and decreased HRQOL in this population.
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The Fontan procedure was developed in 19681 for 
the treatment of tricuspid atresia and has led to 
dramatic improvement in survival for individuals 

with a variety of underlying single-ventricle cardiovas-
cular physiology, with a 30-year survival rate of 85%.2 
There are now an estimated 50 000 to 70 000 indi-
viduals in the world with Fontan circulation, and 60% 
of these individuals are children.2 While survival has 
greatly increased, the growing population of individuals 

with Fontan circulation are known to be at high risk for 
significant comorbidities, including decreased health-
related quality of life (HRQOL) and increased risk of be-
havioral and neurodevelopmental problems.2,3

Given the growing population of individuals with 
Fontan circulation, there has been intense interest in 
identifying causes of decreased HRQOL and neurode-
velopmental problems in individuals with Fontan circu-
lation. Given evidence that early neurodevelopmental 
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impairments may be predictive of future neurocogni-
tive status and HRQOL,4 recognition of causes of neu-
rodevelopmental and HRQOL impairment in children 
is of particular importance. While there have been 
numerous studies investigating causes of HRQOL 
and neurodevelopmental impairment in children with 
Fontan circulation, it appears that there are many cur-
rently unknown factors that may contribute to these 
impairments. It has been estimated that 70% of the 
potential causes of neurodevelopmental impairment 
are currently unknown.5 Many of the current identified 
predictors of neurodevelopmental outcomes, such as 
genetic factors (genetic syndromes as well as apoli-
poprotein e2 status), male sex, low birth weight, and 
socioeconomic status, are difficult to modify or cannot 
be modified.5 Research to date has shown a similar 
picture for potential modifiers of HRQOL, where pa-
tient characteristics are known to be associated with 
worse HRQOL, but these relationships generally have 
small effect sizes.3 Thus, it appears that there are other 
as yet unidentified factors that influence HRQOL in 
children with Fontan circulation.3 Given this, there is 
a need to identify other potential causes of neurode-
velopmental and HRQOL impairment in children with 
Fontan circulation, particularly potentially reversible 
causes of impairment.

Sleep disturbances are a known cause of HRQOL 
and neurodevelopmental impairment in children,6,7 
although there are no data specific to children with 
Fontan circulation. One sleep disturbance, sleep 
apnea, has previously been shown to be common in 

a cohort of school-aged children with moderate to se-
vere congenital heart disease (which included some 
individuals with Fontan circulation) and associated with 
neurocognitive impairment, as well as associated with 
increased mortality in a nationwide sample of infants 
with congenital heart disease.8,9 We hypothesized 
that sleep disturbances are associated with neurode-
velopmental and HRQOL impairment in children with 
Fontan circulation and examined this association in a 
very large study of children with Fontan circulation, the 
Fontan Cross-Sectional Study.

METHODS
The Fontan Cross-Sectional Study was conducted 
across seven Pediatric Heart Network member centers 
across the United States and Canada. All data used in 
this study are freely available via the Pediatric Heart 
Network website (https://www.pedia​trich​eartn​etwork.
org/). Further details of the study design and methods 
have been previously published.10 In brief, children and 
adolescents (henceforth “children”) aged 6 to 18 years 
who had a Fontan procedure at least 6 months before 
enrollment were eligible to participate. Potential partici-
pants were excluded if they had significant noncardiac 
or psychiatric conditions that would prevent successful 
completion of planned study testing or would invalidate 
the results of study testing, were pregnant or planning 
to conceive before completion of study testing or had a 
primary caregiver who lacked fluency in either Spanish 
or English. Medical record extractions were performed 
for all participants. Participants and their parent/car-
egiver completed questionnaires, participants under-
went measurement of serum brain natriuretic peptide 
levels, echocardiography, cardiopulmonary exercise 
testing, and cardiac magnetic resonance imaging. All 
seven Pediatric Heart Network centers obtained local 
institutional review board or ethics committee approval 
before initiating the study, and written informed con-
sent was obtained for all subjects from either a parent 
or a legal guardian or from the subject if of legal age. 
Subject assent was also obtained per local guidelines.

Parents of participants completed questionnaires 
about demographics, their child’s health status, and 
the parent version of the Child Health Questionnaire 
(CHQ), a validated pediatric general HRQOL instru-
ment.11 The CHQ includes summary scores related to 
physical and psychosocial well-being as well as 10 sub-
domain scores. Scores from the parent-reported CHQ 
are reported as z scores. Questions about health status 
asked, “Have you ever been told by a teacher, school 
official, doctor, nurse, or other health professional that 
your child has any of the following conditions?” fol-
lowed by a list of medical conditions as well as behav-
ioral concerns. Answers were recorded as yes/no. For 

CLINICAL PERSPECTIVE

What Is New?
•	 Sleep disturbances may be a previously un-

recognized cause of the known behavioral and 
health-related quality of life impairment in chil-
dren with Fontan circulation.

What Are the Clinical Implications?
•	 Sleep disorders in children have existing effica-

cious therapies; recognition and treatment of 
sleep disorders may lead to improved behavio-
ral and health-related quality-of-life outcomes in 
children with Fontan circulation.

Nonstandard Abbreviations and Acronyms

CHAT	 Congenital Heart Adolescent and 
Teenager Questionnaire

CHQ	 Child Health Questionnaire

https://www.pediatricheartnetwork.org/
https://www.pediatricheartnetwork.org/


J Am Heart Assoc. 2021;10:e021749. DOI: 10.1161/JAHA.121.021749� 3

Knobbe et al� Sleep in Children With Fontan Circulation

this analysis, if parents answered yes to “sleep distur-
bance,” participants were considered to have a sleep 
disturbance. Relevant demographic items included in 
this analysis include parent-reported child’s sex, age, 
family income, and parent educational level. Relevant 
items extracted from the child’s medical record included 
pre-Fontan cardiac diagnosis (sorted into categories by 
Pediatric Heart Network investigators) as well as ven-
tricular dominance. We additionally reviewed reported 
medications to identify participants taking medications 
for attention deficit hyperactivity disorder (ADHD), in-
cluding stimulants or atomoxetine, or other psychiatric 
medications (antidepressants or antipsychotics).

Children aged 10 to 18 years additionally completed 
the CHQ-CF87, the child-report version of the CHQ, as 
well as the Congenital Heart Adolescent and Teenage 
Questionnaire (CHAT). The child-report CHQ is a vali-
dated general pediatric HRQOL measure and includes 
similar subdomains to the parent-report version but 
does not include the summary measures.11,12 The child-
report CHQ is scored from 0 to 100 with higher scores 
indicating better function. There is a known upwardly 
skewed distribution that may result in ceiling effects. The 
CHAT is a validated congenital heart disease–specific 
HR-QOL instrument with 5 domains on physical, emo-
tional, and social well-being.13,14 Scale domain scores 
range from 0 to 100, with higher values indicating worse 
functioning. There is a similarly skewed distribution to 
the CHQ that may result in ceiling effects.

We additionally evaluated child report of sleep dis-
turbance in children age 10 to 18  years by using a 
question from the child-completed CHQ. Specifically, 
children answered the question “During the past 
4 weeks, how much of the time did you have trouble 
sleeping?” Answers included “not at all,” “a little of the 
time,” “some of the time,” “most of the time,” or “all of 
the time.” We converted this to a categorical variable by 
classifying those who answered “most of the time” or 
“all of the time” as having a child-reported sleep prob-
lem, while those who answered “not at all,” “a little of 
the time,” or “some of the time” were classified as not 
having a child-reported sleep problem. This approach 
was used to provide a more direct correlate to the yes/
no parent question about sleep problems as well as 
to conserve statistical power given that only approx-
imately half of the study population was old enough 
to complete the child questionnaires. We performed 
additional sensitivity analysis using the child report as 
originally reported as an ordinal variable.

STATISTICAL ANALYSIS
Statistical analysis was done using SPSS 27 (IBM, 
Armonk, NY). Pearson χ2 tests (or Fisher exact tests 
if >20% of cells had an expected value <5) were used 

to compare categorical outcomes while assessing for 
baseline differences between children with and with-
out reported sleep problems. Continuous outcome 
variable normality was assessed using the Shapiro-
Wilk test. Consistent with prior report, all continuous 
outcomes (CHQ and CHAT scores) were nonnormally 
distributed.15 Therefore, the Wilcoxon rank-sum test 
was used for comparison of continuous outcomes be-
tween children with and without reported sleep prob-
lems. Prior evidence has shown that linear regression/
analysis of covariance is not significantly biased com-
pared with nonparametric approaches in most cases 
for evaluation of non-Gaussian data.16 Therefore, to ac-
count for potential covariates that may affect HRQOL, 
we additionally performed linear regression to evaluate 
the relationship between the presence of sleep distur-
bance and HRQOL with adjustment for age, sex, pre-
Fontan cardiac diagnosis, family income, and parent 
level of education. These covariates were selected as 
age, sex, congenital heart disease complexity, fam-
ily income, and parent education level have all previ-
ously been associated with an increased likelihood of 
worse HRQOL.17,18 Logistic regression was performed 
to compare the odds of parent-reported behavioral 
problems between children with and without reported 
sleep disturbance and adjust for age, sex, pre-Fontan 
cardiac diagnosis, family income, and parent level of 
education. We performed an additional exploratory 
analysis with the additional inclusion of the CHQ pa-
rental emotional impact scale as a covariate to account 
for the possibility that parents with a higher emotional 
impact may be more likely to report the presence of 
behavioral problems in general. We additionally evalu-
ated the relationship between parent report of a sleep 
problem and the odds of receiving an ADHD or psy-
chiatric medication using logistic regression. We used 
logistic regression to evaluate the association between 
parent report of attention problems and the odds of 
reporting an ADHD medication as well as parent re-
port of depression or anxiety and the odds of reporting 
a psychiatric medication as well. Cohen’s kappa was 
used to evaluate the agreement between parent and 
child report of a sleep problem. We performed addi-
tional sensitivity analyses evaluating the combination 
of parent and child report of a sleep disturbance. We 
compared individuals with both a parent and child re-
port of a sleep disturbance with those with no report 
of a sleep disturbance or only either parent or child 
report of a sleep disturbance. We also compared in-
dividuals with either parent or child report of a sleep 
disturbance compared with individuals without parent 
or child report of a sleep disturbance. Finally, given 
the bidirectional association between developmental 
delays, ADHD and psychiatric disorders, and sleep 
disturbances,19–23 we performed an additional analy-
sis of HRQOL excluding participants whose parents 
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reported use of ADHD medications, psychiatric medi-
cations, or developmental delay. These analyses were 
restricted to only the sample that included child report. 
All statistical tests were 2-sided and a P value <0.05 
was considered significant.

RESULTS
Parent-reported data were available from 558 par-
ticipants in the study, and child-reported data were 
available from 308 participants for the CHQ and 303 
for the CHAT. Sleep disturbance was reported by 
parents in 11% of participants. Demographic informa-
tion is presented in Table  1. Children with reported 
sleep disturbance were slightly older (12.8±3.5 versus 
11.8±3.4 years old; P=0.04). There were no significant 
differences in sex, race, ethnicity, body mass index, 
parent education level, or family income. There were 
some differences in the underlying pre-Fontan diag-
nosis between children with reported sleep problems 
compared with those without sleep problems, but 
there was no significant difference in ventricular domi-
nance between children with reported sleep problems 
compared with those without.

Parent report of a sleep disturbance was strongly 
associated with an increased risk of parent-reported 
behavioral concerns (Figure 1). Sleep disturbance was 
strongly associated with an increased risk of attention 
problems, anxiety problems, behavioral problems, de-
pression, developmental delay learning problems, and 
speech problems (P<0.001 for all except speech prob-
lems in both adjusted and unadjusted analysis). The 
strongest association was present between report of 
sleep disturbance and mood concerns, with 10-fold in-
creased odds of reporting depression or anxiety in un-
adjusted analysis and even higher odd in the adjusted 
analysis (adjusted odds ratio [aOR], 26 for anxiety and 
16 for depression). Complete details are presented in 
Table 2.

Inclusion of parent emotional impact from the CHQ 
had only a slight impact on these results. Sleep dis-
turbance remained associated with higher odds of at-
tention problems (aOR, 4.9; 95% CI, 2.1–11; P<0.001), 
anxiety problems (aOR, 15.6; 95% CI, 6.8–35.4; 
P<0.001), behavioral problems (aOR, 3.0; 95% CI, 1.5–
6.3; P=0.003), depression (aOR, 12.8; 95% CI, 5.1–
37.7; P<0.001), developmental delay (aOR, 4.7; 95% CI, 
2.3–9.6; P<0.001), and learning problems (aOR, 4.6; 
95% CI, 2.0–10.6). The association between sleep dis-
turbance and speech problems was no longer signifi-
cant (aOR, 1.9; 95% CI, 0.9–3.8; P=0.08).

Fifteen percent of children self-reported a sleep 
problem. There was fair agreement between child re-
port of trouble sleeping and parent report of a sleep 
disturbance (kappa, 0.340; P<0.001). We found that 

Table 1.  Characteristics of Children With Fontan 
Circulation With and Without Parent-Reported Sleep 
Disturbance

Sleep 
disturbance  
(N=57)

No sleep 
disturbance  
(N=501) P value

Female sex, % 37 40 0.61

Race, % 0.17

White 96 86

Black 2 10

Asian 0 3

American Indian or Alaskan 
native

2 1

Hispanic/Latino ethnicity 6 7 0.69

Age 11.8±3.4* 12.8±3.5* 0.04*

Body mass index percentile 51±32 49±30 0.66

Parent education level, % 0.49

Some high school or less 4 7

High school graduate or GED 25 25

Some college, vocational 
school or 2-y degree

44 33

4-y college graduate 18 24

Graduate degree 11 11

Family income, % 0.27

<$20 000 22 11

$20 000 to $39 000 16 18

$40 000 to $59 000 14 17

$60 000 to $79 000 14 15

$80 000 to $99 0000 8 15

>$100 000 28 24

Anatomic diagnosis, % 0.005*

Single ventricle, double-inlet 
left ventricle

19 14

Single ventricle, double-inlet 
right ventricle

2 1

Single ventricle, mitral 
atresia

16 6

Single ventricle, tricuspid 
atresia

19 23

Single ventricle, unbalanced 
atrioventricular canal defect

9 3

Single ventricle, heterotaxia 
syndrome

9 7

Hypoplastic left heart 
syndrome

12 21

Other functional single 
ventricle

14 25

Dominant ventricle, % 0.83

Left 49 45

Right 33 37

Both 18 18

Taking ADHD medications, % 23* 5* <0.001*

Taking psychiatric 
medications, %

19* 2* <0.001*

 (Continued)
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while relationships were generally less significant be-
tween child report of a sleep disturbance and parent 
report of behavioral problems, there were still strong 
associations present in the areas with the strongest 
association between parent-reported sleep distur-
bance and behavioral concerns, in particular mood 
concerns, as well as problems with attention (Table 2).

Parent report of sleep disturbance was associated 
with increased odds of reporting use of medications 
for ADHD (OR, 6.4; P<0.001) as well as use of psychi-
atric medications (OR, 15.2; P<0.001). Similar results 
were found in adjusted analysis. Complete details are 
available in Table 2. As expected, we found a strong re-
lationship between parent report of attention problems 
and reported use of medications for ADHD (OR, 14.7; 
95% CI, 4.5–48.6; P<0.001) as well as parent report 
of depression or anxiety and use of other psychiatric 

medications (OR, 15.3; 95% CI, 5.6–42.1; P<0.001 for 
depression; OR, 27.4; 95% CI, 7.7–97.8; P<0.001 for 
anxiety).

Parent report of a sleep disturbance was associ-
ated with lower (worse) scores across all domains of 
the parent-completed CHQ. These associations were 
present in both unadjusted and adjusted analyses as 
detailed in Table 3. For most domains, children with a 
reported sleep disturbance were ≈1 z score below chil-
dren without a reported sleep disturbance (P<0.001 for 
all domains in both unadjusted and adjusted analyses). 
For the physical summary norm score, children with 
a reported sleeping disturbance had an unadjusted 
median score of 36.9 (interquartile range, 28.1–47.5) 
and adjusted mean score of 36.5 (95% CI, 33.3–39.7) 
compared with an unadjusted median score of 50.0 
(interquartile range, 42.2–53.9) and adjusted mean 
score of 46.1 (95% CI, 44.9–47.4) in children without a 
sleep disturbance.

Child-reported HRQOL was worse in children with 
a parent report of a sleep disturbance as well. On the 
child-completed CHQ, children with a parent-reported 
sleep disturbance scored significantly worse (lower 
scores) compared with children without a parent-
reported sleep disturbance on the subscales of phys-
ical functioning, emotional and physical role/social 
limits, bodily pain, behavior, mental health, self-esteem, 
and general health perceptions in unadjusted analysis. 
In adjusted analysis, these associations were still sig-
nificant for subscales except self-esteem. Further de-
tails are available in Table 4.

Similarly, on the CHAT, a congenital heart disease–
specific HRQOL measure, parent report of a sleep dis-
turbance was associated with higher (worse) scores. 
Report of a sleep disturbance was associated with 
more activity limitations, emotional concerns, friendship 
problems, career concerns and symptom discomfort 
in unadjusted analysis. Except for friendship problems, 

Sleep 
disturbance  
(N=57)

No sleep 
disturbance  
(N=501) P value

Attention problems, % 77* 42* <0.001*

Anxiety problems, % 59* 12* <0.001*

Behavioral problems, % 48* 20* <0.001*

Depression 36* 6* <0.001*

Developmental delay, % 56* 20* <0.001*

Learning problems, % 80* 37* <0.001*

Speech problems, % 42* 25* 0.001*

Data are presented as mean±standard deviation for continuous 
variables and as percentages for categorical values. ADHD medications 
included stimulants and atomoxetine. Psychiatric medications included 
antidepressants and antipsychotics. P values are derived using t tests for 
continuous variables and χ2 tests for categorical variables. Because of 
missing data, sample size is slightly smaller for some variables: race (n=498), 
ethnicity (n=499), age (n=505), body mass index (n=502), parent education 
level (n=556) and family income (n=483). ADHD indicates attention deficit 
hyperactivity disorder; and GED, General Educational Development.

*Indicates P<0.05.

Table 1.  Continued

Figure 1.  Parent report of sleep disturbance is associated with higher odds of behavioral 
concerns in children with Fontan circulation.
Odds ratios presented are unadjusted, P<0.001 for all.



J Am Heart Assoc. 2021;10:e021749. DOI: 10.1161/JAHA.121.021749� 6

Knobbe et al� Sleep in Children With Fontan Circulation

these associations were present in adjusted analysis 
as well. Further details are available in Table 4. We ad-
ditionally found that child report of sleep disturbance 

was strongly associated with worse HRQOL across all 
domains of the CHAT (Table 5). Given that we used a 
question from the child-reported CHQ to identify sleep 

Table 2.  Association Between Parent-Reported and Child-Reported Sleep Disturbance and Parent-Reported Behavioral 
Concerns and Related Medication Use in Children With Fontan Circulation

Unadjusted Adjusted

Odds ratio P value Odds ratio P value

Parent report

Attention problems 4.6 (2.5–8.6)* <0.001* 6.2 (2.8–13.7)* <0.001*

Anxiety problems 10.2 (5.7–18.3)* <0.001* 26.0 (11.1–61.2)* <0.001*

Behavioral problems 3.9 (2.2–6.7)* <0.001* 4.1 (2.0–8.5)* <0.001*

Depression 9.5 (5.0–18.2)* <0.001* 16.1 (5.9–44.1)* <0.001*

Developmental delay 5.0 (2.9–8.7)* <0.001* 6.7 (3.3–13.7)* <0.001*

Learning problems 6.9 (3.6–13.3)* <0.001* 6.5 (3.0–14.3)* <0.001*

Speech problems 2.2 (1.3–3.8)* 0.01* 2.3 (1.2–4.7)* 0.02*

ADHD medications 6.4 (2.9–14.0)* <0.001* 10.1 (3.8–26.7)* <0.001*

Psychiatric medications 15.2 (5.2–45.0)* <0.001* 19.0 (4.9–74.6)* <0.001*

Child report

Attention problems 1.9 (1.0–3.6)* 0.04* 2.4 (1.2–4.9)* 0.02*

Anxiety problems 4.1 (2.1–8.0)* <0.001* 4.9 (2.3–10.7)* <0.001*

Behavioral problems 1.6 (0.8–3.2) 0.17 1.7 (0.8–3.9) 0.19

Depression 3.4 (1.6–7.5)* 0.002* 3.6 (1.5–8.7)* 0.004*

Developmental delay 1.2 (0.6–2.4) 0.66 1.6 (0.7–3.5) 0.27

Learning problems 1.5 (0.8–2.7) 0.19 2.0 (1.0–3.9) 0.052

Speech problems 1.0 (0.5–2.0) 0.95 1.3 (0.6–2.9) 0.53

ADHD medications 2.7 (1.04–7.0)* 0.04* 6.9 (1.9–24.7)* 0.003*

Psychiatric medications 2.1 (0.5–8.5) 0.27 9.9 (1.4–69.8)* 0.02*

Adjusted analysis included age, sex, pre-Fontan cardiac diagnosis, family income, and parent level of education as covariates. ADHD indicates attention 
deficit hyperactivity disorder.

*Indicates P<0.05.

Table 3.  Parent-Reported Child Health Questionnaire Domain z Scores in Children With Fontan Circulation With and 
Without Parent-Reported Sleep Disturbance

Unadjusted Adjusted

Sleep disturbance
No sleep 
disturbance P value Sleep disturbance

No sleep 
disturbance P value

Physical functioning −1.1 (−2.2 to −0.1)* −0.1 (−0.8 to 0.6)* <0.001* −1.1 (−1.5 to −0.8)* −0.3 (−0.4 to −0.2)* <0.001*

Role/social limits–emotional −0.6 (−2.4 to 0.4)* 0.5 (−0.6 to 0.5)* <0.001* −1.3 (−1.7 to −0.8)* −0.4 (−0.6 to −0.3)* <0.001*

Role/social limits–physical −1.3 (−2.2 to 0.4)* 0.4 (−0.4 to 0.4)* <0.001* −1.2 (−1.6 to −0.8)* −0.3 (−0.4 to −0.1)* 0.001*

Bodily pain −0.9 (−1.9 to 0.1)* 0.5 (−0.4 to 1.0)* <0.001* −0.8 (−1.1 to −0.6)* 0.2 (0.1 to 0.3)* <0.001*

General behavior −0.7 (−1.5 to 0.3)* 0.3 (−0.5 to 0.9)* <0.001* −0.7 (−1.1 to −0.4)* 0.1 (−0.1 to 0.2)* <0.001*

Mental health −0.9 (−2.0 to −0.2)* 0.2 (−0.9 to 0.6)* <0.001* −1.0 (−1.3 to −0.7)* 0.0 (−0.2 to 0.1)* <0.001*

Self-esteem −0.5 (−1.3 to 0.0)* 0.0 (−0.7 to 0.7)* <0.001* −0.7 (−0.9 to −0.4)* −0.1 (−0.3 to 0.0)* 0.001*

General health perceptions −1.2 (−2.1 to −0.6)* −0.6 (−1.3 to 0.0)* <0.001* −1.3 (−1.5 to −1.0)* −0.7 (−0.8 to −0.6)* 0.005*

Parental impact–emotional −1.9 (−2.3 to −0.9)* −0.3 (−1.5 to 0.4)* <0.001* −1.5 (−1.9 to −1.2)* −0.6 (−0.7 to −0.4)* <0.001*

Parental impact–time −0.8 (−1.9 to 0.8)* 0.8 (−0.8 to 0.8)* <0.001* −1.0 (−1.3 to −0.6)* −0.1 (−0.2 to 0.1)* <0.001*

Physical summary score −1.3 (−2.2 to −0.2)* 0.0 (−0.8 to 0.4)* <0.001* −1.3 (−1.7 to −1.0)* −0.4 (−0.5 to −0.3)* <0.001*

Psychosocial summary score −0.9 (−1.9 to 0.0)* 0.0 (−0.8 to 0.7)* <0.001* −1.1 (−1.3 to −0.8)* −0.2 (−0.3 to −0.1)* <0.001*

Data are presented as median (interquartile range) for unadjusted data and mean (95% CI) for adjusted data. Adjusted analysis included age, sex, pre-Fontan 
cardiac diagnosis, family income and parent level of education as covariates.

*Indicates P<0.05.
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disturbance, we did not evaluate the association be-
tween child-reported sleep disturbance and HRQOL 
as measured by the CHQ.

Use of child report of frequency of trouble sleeping 
as an ordinal variable (categories including “all of the 
time,” “most of the time,” “some of the time,” “a little 
of the time,” and “none of the time”) generally showed 
a dose-response for increased frequency of sleep 

problems for most outcomes that were significant in 
the dichotomous analysis. Five percent of children re-
ported trouble sleeping all of time, 10% reported trou-
ble sleeping most of the time, 20% reported trouble 
sleeping some of the time, 18% reported trouble sleep-
ing a little of the time, and 47% reported trouble sleep-
ing none of the time. Figure 2 shows the association 
between increased frequency of trouble sleeping and 

Table 4.  Child-Reported Health-Related Quality of Life in Children with Fontan Circulation With and Without Parent-
Reported Sleep Disturbance

Unadjusted Adjusted

Sleep disturbance
No sleep 
disturbance P value Sleep disturbance

No sleep 
disturbance P value

Child Health Questionnaire

Physical functioning 85.2 (68.5–96.2)* 92.1 (81.5–96.3)* 0.048* 82.4 (77.9–87.0)* 87.6 (85.9–89.2)* 0.04*

Role/social limits–emotional 88.9 (55.5–100)* 100 (88.9–100)* 0.007* 75.6 (68.4–82.8)* 90.0 (87.4–92.6)* <0.001*

Role/social limits–behavioral 100 (83.3–100) 100 (100–100) 0.63 91.3 (83.7–98.9) 93.3 (90.6–96.0) 0.63

Role/social limits–physical 100 (66.7–100)* 100 (100–100)* 0.02* 82.1 (76.7–87.6)* 92.2 (90.2–94.2)* 0.001*

Bodily pain 70.0 (40.0–80.0)* 80.0 (70–100)* <0.001* 57.1 (49.0–65.1) * 80.5 (77.6–83.4)* <0.001*

Behavior 69.7 (63.8–78.5)* 80.9 (71.2–86.9)* 0.006* 71.0 (66.1–75.9)* 78.5 (76.7–80.2)* 0.006*

Mental health 68.8 (56.3–77.3)* 78.1 (70.3–92.2)* 0.002* 66.8 (61.8–71.8)* 77.2 (75.3–79.0)* 0.002*

Self-esteem 75.0 (68.5–85.7)* 83.9 (73.2–92.9)* 0.009* 78.0 (72.4–83.6) 80.9 (78.9–83.0) 0.34

General health perceptions 56.7 (43.5–70.6)* 67.5 (57.1–80.0)* 0.002* 58.7 (52.6–64.9)* 65.9 (63.6–68.1)* 0.03*

Family activities 83.3 (62.5–95.8) 87.5 (70.8–100) 0.12 74.6 (66.6–82.7) 81.6 (78.6–84.5) 0.11

Congenital Heart Adolescent and Teenager Questionnaire

Activity limitations 16.7 (8.3–30.2)* 8.3 (4.2–20.8)* 0.003* 20.2 (15.3–25.2)* 15.6 (13.8–17.4)* 0.08*

Emotional concerns 29.7 (18.8–44.5)* 17.2 (6.3–31.3)* 0.001* 30.8 (24.0–37.7)* 20.8 (18.3–23.2)* 0.008*

Friendship problems 0 (0–27.1)* 0 (0–8.3)* 0.03* 10.2 (5.0–15.6) 5.7 (3.8–7.6) 0.11

Career concerns 27.5 (13.8–41.3)* 10.0 (5.0–20.0)* <0.001* 25.7 (19.5–31.9)* 14.9 (12.7–17.2)* 0.002*

Symptom discomfort 9.5 (5.0–18.0)* 4.0 (2.0–8.0)* <0.001* 11.9 (9.5–14.2)* 6.1 (5.2–6.9)* <0.001*

Data is presented as median (interquartile range) for unadjusted data and mean (95% CI) for adjusted data. Adjusted analysis included age, sex, pre-Fontan 
cardiac diagnosis, family income, and parent level of education as covariates. Higher scores on the Child Health Questionnaire indicate better quality of life, 
while higher scores on the Congenital Heart Adolescent and Teenager Questionnaire indicate worse quality of life. Child-reported data were available from 308 
participants for the Child Health Questionnaire and 303 for the Congenital Heart Adolescent and Teenager Questionnaire.

*Indicates P<0.05.

Table 5.  Child Reported Health-Related Quality of Life in Children With Fontan Circulation With and Without Child-
Reported Sleep Disturbance

Unadjusted Adjusted

Sleeping problem
No sleeping 
problem P value Sleeping problem

No sleeping 
problem P value

Congenital Heart Adolescent and Teenager Questionnaire

Activity limitations 16.7 (8.3–29.2)* 8.3 (0.0–20.8)* 0.001* 20.1 (16.2–24.1)* 15.1 (13.2–16.9)* 0.02*

Emotional concerns 31.3 (18.8–40.6)* 15.6 (6.3–28.1)* <0.001* 32.0 (26.7–37.2)* 20.2 (17.8–22.7)* <0.001*

Friendship problems 0.0 (0.0–25.0)* 0.0 (0.0–8.3)* 0.02* 14.3 (9.7–19.0)* 5.5 (3.4–7.7)* 0.001*

Career concerns 25.0 (10.0–35.0)* 10.0 (5.0–20.0)* <0.001* 25.4 (20.6–30.2)* 14.5 (12.3–16.7)* <0.001*

Symptom discomfort 9.0 (5.3–17.0)* 4.0 (2.0–7.25)* <0.001* 10.6 (8.6–12.6)* 5.7 (4.8–6.6)* <0.001*

Data are presented as median (interquartile range) for unadjusted data and mean (95% CI) for adjusted data. Adjusted analysis included age, sex, pre-Fontan 
cardiac diagnosis, family income, and parent level of education as covariates. Higher scores on the Congenital Heart Adolescent and Teenager Questionnaire 
indicate worse quality of life. Child-reported data were available from 303 participants. Given that a question from the child-reported Child Health Questionnaire 
was used to identify sleep disturbance, we did not evaluate the association between child-reported sleep disturbance and health-related quality of life as 
measured by the Child Health Questionnaire.

*Indicates P<0.05.
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HRQOL as measured by the CHAT. Complete results 
of this analysis are presented in Tables S1 through S7.

The remaining sensitivity analyses were similar to 
the primary analyses. In participants with data for both 
child and parent report, 5% had both a child and parent 
report of sleep disturbance, while 20% of participants 
had either a child or parent report of sleep disturbance. 
In general, for participants with both a parent- and 
child-reported sleep disturbance, a greater effect was 
seen (larger odds ratios and worse HRQOL scores) 
compared with the effect seen for sensitivity analysis 
including participants with either a parent- or child-
reported sleep disturbance. For analysis excluding 
participants with reported use of ADHD medications, 
psychiatric medications, or developmental delay, 15% 
had either a parent- or child-reported sleep distur-
bance. Both parent- and child-reported HRQOL was 
significantly worse in participants with a reported sleep 
disturbance compared with those without a sleep dis-
turbance. Complete results of sensitivity analyses are 
available in Tables S1 through S7.

DISCUSSION
Sleep disturbances were reported by a parent for 11% 
of participants and were self-reported by 15% of chil-
dren in the study. The presence of a parent-reported 
sleep disturbance was strongly associated with in-
creased odds of a behavioral concern or neurodevel-
opmental concern as well as increased odd of use of 

ADHD and other psychiatric medications. In this study, 
parent-reported sleep disturbance was associated with 
an ≈10-fold increased odds of a reported mood disorder 
(anxiety or depression) and a ≈5-fold increased odds of 
a neurodevelopmental concern such as developmental 
delay, learning problems, or attention problems. While 
of a smaller magnitude, a similar pattern of increased 
odds of behavioral and neurodevelopmental concerns 
was associated with child report of a sleep disturbance. 
Additionally, parent- and child-reported sleep distur-
bances were associated with decreased HRQOL in 
children with Fontan circulation. This association was 
present even after adjustment for cardiac, demographic, 
and socioeconomic factors likely to affect HRQOL.

To provide perspective on the results of this study, a 
large (n>150 000) prior study using medical record re-
view identified a diagnosis of a sleep problem in 4% of 
children,24 compared with the 10% reported incidence 
of a parent-reported sleep diagnosis in the Fontan 
study. It should be noted that there are differences in 
methodology (medical record extraction versus par-
ent report of a diagnosis) that limit this comparison. 
In a prior study of insomnia in a community cohort of 
adolescents (aged ≈10–18 years), 12% of participants 
self-reported having difficulty staying asleep,25 a sim-
ilar single question to the question used in this study, 
as compared with 15% of participants in the Fontan 
study. Overall, this suggests that the prevalence of 
sleep disturbances is similar or somewhat more com-
mon in children with Fontan circulation as compared 
with general population-based studies.

Figure 2.  Increased frequency of child reported sleep is associated with worse health-related 
quality of life as measured by the Congenital Heart Adolescent and Teenager Questionnaire.
Results adjusted for age, sex, pre-Fontan cardiac diagnosis, family income and parent level of education; 
P value for trend as determined by linear regression/analysis of covariance was <0.05 for all. Error bars 
indicate 95% CI.
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It appears that the association of sleep problems 
with worse outcomes is stronger in children with 
Fontan circulation compared with children without 
Fontan circulation. In the community cohort study of 
insomnia discussed above, insomnia (either intermit-
tent or persistent) was associated with increased odds 
of reporting use of a psychiatric medication (OR, 2.9; 
95% CI, 1.0–8.3; P=0.05). In the Fontan study, parent 
report of a sleep disturbance was associated with a 
much greater increased odds of reporting use of a 
psychiatric medication (OR, 15.2; 95% CI, 5.2–45.0; 
P<0.001). Given the differences between this study 
and the present study in regard to how the presence 
of a sleep disturbance was identified, further study is 
needed to confirm this finding.

Sleep disturbances and behavioral problems (in-
cluding ADHD, among others) are known to have a 
bidirectional relationship.19–23 Essentially, the presence 
of behavioral concerns leads to a future increased risk 
of sleep disturbance, and conversely, the presence of 
a sleep disturbance leads to a future increased risk of 
behavioral problems. Treatment of a variety of sleep 
disorders has been shown to mitigate the associated 
risk of both mood disorders and neurodevelopmental 
problems.26–28 For example, a recent meta-analysis of 
nonpharmacologic sleep interventions showed that 
they had a large effect (Cohen’s d=−0.81) in reduc-
ing depression symptoms.29 Given this, it is feasible 
that treatment of sleep disturbances, in addition to 
existing treatments, in children with Fontan circula-
tion may lead to improvement in the known behavioral 
and neurodevelopmental concerns present in this 
population.30

Children with Fontan circulation without a parent-
reported sleeping disturbance had essentially nor-
mal HRQOL as measured by the parent-completed 
CHQ. Specifically, for all domains, the median/mean 
z score was within an SD of 0, the healthy population 
mean. Conversely, for almost all domains, children with 
Fontan circulation with a parent-reported sleeping dis-
turbance had a z score near −1, 1 standard deviation 
below the mean z score of 0 for healthy children This 
may shed light on prior research that has had mixed 
results showing neurodevelopmental or HRQOL im-
pairment in some children with Fontan circulation but 
not others.3,5,31–34 Prior studies of children with Fontan 
circulation have not included sleep as a potential factor 
that may impact HRQOL or neurodevelopmental im-
pairments. Given that in this study, only children with 
a sleep disturbance had decreased HRQOL and were 
at increased risk of neurodevelopmental concerns, it 
is conceivable that cohorts that recruited less children 
with a sleep disturbance did not show significant im-
pairment of HRQOL or neurodevelopment in children 
with Fontan circulation, while cohorts that recruited 
more children with a sleep disturbance did show a 

significant HRQOL and neurodevelopmental impair-
ment in children with Fontan circulation.

We found that there were fewer significant dif-
ferences in child-reported HRQOL compared with 
parent-reported HRQOL in children with Fontan circu-
lation with and without parent-reported sleep distur-
bance. This difference may be in part explained by the 
known discrepancy between child and parent report of 
HRQOL, in which children tend to report higher HRQOL 
compared with their parents.35 This may lead to ceiling 
effects, resulting in smaller differences between the 2 
groups. Additionally, child-reported HRQOL was avail-
able in only approximately half of the sample, as it was 
collected only from children aged 10 to 18 years. Thus, 
it is possible that the smaller sample size reduced the 
statistical significance of some of our findings.

There are multiple strengths to this study. The 
study population recruited through the Pediatric Heart 
Network was a large, nationally representative sample 
of children with Fontan circulation. The CHQ and CHAT 
are validated pediatric HR-QOL measures that have 
been used in a variety of other studies.14,15,36 We ad-
ditionally had 2 separate ratings of HRQOL outcomes 
from both child and parent, which both showed sig-
nificant differences between children with and with-
out a reported sleep disturbance. Given the potential 
for discrepancies between parent and child report of 
HRQOL,37 our results are striking given that both par-
ent and child report of HRQOL was significantly worse 
in children with a reported sleep disturbance across 
almost all domains. We were additionally able to eval-
uate both parent and child report of sleep disturbance 
and found generally consistent associations between 
parent and child report of sleep disturbance with be-
havioral problems as well as HRQOL. Additionally, we 
performed adjusted analysis to account for cardiac, 
demographic, and socioeconomic factors that may 
impact HRQOL. Inclusion of the relationship between 
sleep disturbance and ADHD and other psychiatric 
medications provided additional support that parent-
reported sleep disturbance was associated with sig-
nificant behavioral and neurodevelopmental problems. 
Additionally, the strong relationship observed between 
parent-reported attention problems with ADHD medi-
cations as well as parent-reported depression or anx-
iety with psychiatric medications demonstrates that 
parent report was reflective of problems requiring 
medical attention.

There are limitations to our study as well. The use 
of linear regression for adjusted analysis in our sam-
ple likely had reduced statistical efficiency and re-
sulting larger (less significant) P values as compared 
with the unadjusted nonparametric analysis. This may 
explain the differences in some of the P values in the 
adjusted versus unadjusted analysis, which resulted 
in some outcomes having statistical significance in 
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unadjusted analysis but not in the adjusted analysis. 
We also chose to not correct for multiple comparisons 
given that this is hypothesis-generating research rather 
than a definitive study meant to conclusively address 
the topic of sleep disturbances in children with Fontan 
circulation. Additionally, it is possible that children with 
severe behavioral disturbances may have been ex-
cluded from study participation because of inability to 
complete study procedures such as cardiac imaging 
or exercise testing, which may have led to a cohort 
with fewer children with severe behavioral problems. 
This potential selection bias would lower the chance to 
detect the significance of our findings, given that this 
would be expected to reduce the overall sample size 
with behavioral problems. Additionally, there is a risk 
of model overfitting for our adjusted logistic regression 
given the relatively small sample of 57 children with 
parent-reported sleep disturbance. Finally, as this is 
a cross-sectional study, we are able to determine the 
presence of a significant association between sleep 
disturbances and behavioral problems and decreased 
quality of life but cannot determine the causality of this 
relationship.

As the Fontan study was not specifically designed 
to look at sleep disturbances in children with Fontan 
circulation, we used a single question to determine the 
presence of a sleep disturbance. This single-question 
approach has been used successfully in other co-
horts to provide important results to guide future re-
search.38,39 However, given this limitation, we are not 
able to determine what specific sleep disturbance 
may be present in participants with a reported sleep 
disturbance. Insomnia is common and associated 
with decreased HRQOL in children without congenital 
heart disease.25 Similarly, obstructive sleep apnea was 
found to be prevalent and associated with cognitive 
impairment in a study of children with congenital heart 
disease, which included some individuals with Fontan 
circulation.8 The Fontan study did not collect informa-
tion that would be useful to determine the presence 
of obstructive sleep apnea. One additional prior study 
found that 45% of children with Fontan circulation eval-
uated by a pulmonologist as part of a multidisciplinary 
clinic reported symptoms of obstructive sleep apnea 
including snoring, gasping, or pauses in breathing, 
while an additional 12% reported “other” sleep con-
cerns.40 The question used to determine the self-report 
of a sleep disturbance was targeted to symptoms of 
insomnia (but would not differentiate primary insomnia 
versus insomnia secondary to a different underlying 
sleep disorder). There was fair agreement between 
self-reported sleep disturbance and parent report of 
a sleep disturbance (kappa, 0.340; P<0.001). A poten-
tial cause for this limited agreement is that the child 
question used to identify the presence of a sleep dis-
turbance asked about insomnia symptoms specifically, 

while the parent question used the more general con-
cept of sleep disturbance. Given that the child-report 
question would be expected to primarily identify in-
somnia, this level of agreement suggests that insomnia 
was likely a significant proportion of parent-reported 
sleep disturbances. Given the literature suggesting 
that obstructive sleep apnea appears to be the most 
common disorder clinicians look for in combination 
with the correlation between child-reported insomnia 
symptoms and parent report of a sleep disturbance, 
we hypothesize that obstructive sleep apnea and in-
somnia were likely the most common underlying con-
ditions represented by report of a sleep disturbance.

The results of the current analysis suggest that 
sleep disturbances are associated with significantly 
decreased HRQOL and increased risk of behavioral 
and neurodevelopmental concerns in children with 
Fontan circulation. It should also be noted that in this 
study, the particular question about sleep disturbance 
asked the parent about being told by a professional 
that their child had a sleep disturbance, although it 
is possible parents may have answered yes if they 
thought their child had a sleep problem even if they 
have not been told of a sleep disturbance by a pro-
fessional. Given that screening for sleep disorders by 
clinicians is generally poor,41 it is possible that the 11% 
of children in this study found to have a reported sleep 
disturbance is an underestimation. Given that potential 
misclassification of participants would be expected to 
decrease the magnitude of difference between the 2 
groups, this would not decrease the significance of the 
findings in this study.

We were unable to ascertain what specific sleep dis-
turbance was present in this study; however, all common 
sleep disorders have existing efficacious therapies. Future 
studies using validated sleep diagnostic approaches 
such as actigraphy or polysomnography in addition to 
sleep-specific validated questionnaires are needed to 
further clarify what types of sleep disturbances are com-
mon in children with Fontan circulation and whether the 
association between sleep disturbances and decreased 
HRQOL we have found is present across sleep problems 
in general or specific to particular sleep disorders.

CONCLUSIONS
Sleep disturbances are strongly associated with both 
decreased HR-QOL as well as increased odds of be-
havioral and neurodevelopmental concerns in chil-
dren with Fontan circulation. Sleep disturbances are 
amenable to treatment, and treatment of sleep distur-
bances has been shown to improve HRQOL, behav-
ior, and neurodevelopmental status in children without 
Fontan circulation, although there are no available data 
in children with Fontan circulation. Further research 
is needed to better describe sleep disturbances and 
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associated HRQOL impairment and risk of neurode-
velopmental and behavioral concerns in children with 
Fontan circulation. Treatment of sleep disturbances 
may be a potential avenue to improve outcomes in this 
high-risk population of children.
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SUPPLEMENTAL MATERIAL



Table S1. Association between parent-reported and child-reported sleep disturbance and 
parent-reported behavioral concerns and related medication use in children with Fontan 
circulation. 

Unadjusted Adjusted 
Odds ratio p Odds ratio p 

Both report 
Attention Problems 3.3 (1.03, 10.4) 0.045 5.7 (1.6, 20.8 0.008 
Anxiety Problems 16.9 (5.2, 54.9) <0.001 25.1 (6.1, 103.5) <0.001 
Behavioral Problems 2.3 (0.8, 6.7) 0.11 2.7 (0.8, 9.1) 0.1 
Depression 17.6 (5.9, 52.8) <0.001 27.9 (6.9, 112.5) <0.001 
Developmental Delay 3.1 (1.1, 8.9) 0.03 3.2 (1.02, 10.0) 0.046 
Learning problems 3.7 (1.2, 11.9) 0.03 4.2 (1.2, 14.3) 0.02 
Speech problems 2.1 (0.7, 6.0) 0.17 2.2 (0.7, 7.1) 0.2 
ADHD Medications 4.3 (1.3, 14.7) 0.02 14.5 (2.7, 79.0) 0.002 
Psychiatric 
Medications 7.4 (1.8, 31.3) 0.006 133.6 (4.9, 3670) 0.004 

Either report 
Attention Problems 3.0 (1.6, 5.6) 0.001 3.9 (1.9, 7.8) <0.001 
Anxiety Problems 6.4 (3.3, 12.4) <0.001 8.2 (3.7, 18.1) <0.001 
Behavioral Problems 2.5 (1.3, 4.7) 0.005 3.2 (1.5, 6.6) 0.002 
Depression 4.8 (2.2, 10.2) <0.001 6.8 (2.7, 17.0) <0.001 
Developmental Delay 1.9 (0.98, 3.7) 0.06 2.1 (1.004, 4.2) 0.049 
Learning problems 2.6 (1.4, 4.8) 0.002 3.0 (1.5, 5.7) 0.001 
Speech problems 1.3 (0.6, 2.4) 0.5 1.3 (0.6, 2.7) 0.5 
ADHD Medications 3.4 (1.4, 8.4) 0.006 7.0 (2.3, 21.1) 0.001 
Psychiatric 
Medications 5.1 (1.5, 17.6) 0.009 18.0 (3.2, 102.5) 0.001 

For “both report,” both parent and child reported a sleep disturbance to be included in the group 

with sleep disturbance.  For “either report,” children were included if either parent or child 

reported a sleep disturbance. Adjusted analysis included age, sex, pre-Fontan cardiac 

diagnosis, family income and parent level of education as covariates.  Bold indicates p<0.05. 



scores in children with Table S2. Parent-reported Child Health Questionnaire domain Z-
 Fontan circulation with and without parent-reported sleep disturbance. 

Unadjusted Adjusted 
Sleep 

disturbance 
No sleep 

disturbance 
P Sleep 

disturbance 
No sleep 

disturbance 
P 

Both report 
Physical Functioning -1.1 (-1.8, 0.2) -0.1 (-0.8, 0.6) 0.004 -1.1 (-1.7, -0.6) -0.3 (-0.5, -0.2) 0.008
Role/Social Limits- 
Emotional 0.5 (-2.9, 0.5) 0.5 (-0.6, 0.5) 0.02 -1.7 (-2.3, -1.0) -0.3 (-0.5, -0.2) <0.001 
Role/Social Limits- 
Physical 0.4 (-2.2, 0.4) 0.4 (-0.4, 0.4) 0.008 -1.1 (-1.7, -0.5) -0.2 (-0.4, 0) 0.007 
Bodily Pain -0.9 (-1.9, 0.1) 0.0 (-0.4, 1.0) <0.001 -1.2 (-1.7, -0.6) 0.1 (0.0, 0.2) <0.001 
General Behavior -0.6, (-1.2, 0.5) 0.3 (-0.4, 0.9) 0.01 -0.6 (-1.1, -0.1) -0.6 (-1.1, -0.1) 0.008 
Mental Health -1.2 (-2.0, -0.2) -0.2 (-0.9, 0.6) <0.001 -1.3 (-1.8, -0.7) -0.1 (-0.3, 0) <0.001 
Self Esteem -0.5 (-1.6, 0) -0.2 (-0.9, 0.5) 0.28 -0.6 (-1.1, -0.1) -0.4 (-0.5, -0.2) 0.32 
General Health 
Perceptions -1.0 (-1.6, -0.4) -0.6, (-1.3, 0) 0.03 -1.1 (-1.6, -0.6) -0.7 (-0.8, -0.6) 0.1 
Parental Impact- 
Emotional -1.9 (-2.2 ,-0.7) -0.3 (-1.5, 0.4) 0.001 -1.6 (-2.2, -1.1) -0.6 (-0.8, -0.5) 0.001 
Parental Impact- Time 0.2 (-1.4, 0.8) 0.2 (-0.8, 0.8) 0.12 -0.6 (-1.2, 0.1) -0.1 (-0.3, 0.1) 0.15 
Physical Summary 
Score -1.3 (-2.0, -0.4) 0 (-0.8, 0.4) <0.001 -1.1 (-1.6, -0.5) -0.4 (-0.5, -0.2) 0.02 
Psychosocial 
Summary Score -0.7 (-1.9, 0.1) -0.1 (-0.8, 0.6) 0.04 -1.0 (-1.5, -0.4) -0.2 (-0.4 (-0.1) 0.009

Either report 
Physical Functioning -0.6 (-1.5, 0.2) 0.2 (-0.8, 0.6) 0.001 -0.7 (-1.0, -0.5) -0.3 (-0.4, -0.1) 0.006
Role/Social Limits- 
Emotional 0.5 (-1.5, 0.5) 0.5 (-0.6, 0.5) 0.01 -0.9 (-1.2, -0.5) -0.3 (-0.5, -0.1) 0.002 
Role/Social Limits- 
Physical 0.4 (-1.3, 0.4) 0.4 (-0.4, 0.4) 0.001 -0.8 (-1.1, -0.4) -0.1 (-0.3, 0) 0.002 
Bodily Pain -0.4 (-1.4, 0.1) 0.5 (-0.4, 1.0) <0.001 -0.7 (-1.0, -0.5) 0.3 (0.1, 0.4) <0.001 
General Behavior -0.5 (-1.3, 0.1) 0.4 (-0.5, 0.9) <0.001 -0.6 (-0.8, -0.3) 0.2 (0.0, 0.3) <0.001 
Mental Health -0.9 (-1.6, -0.2) 0.2 (-0.9, 0.6) <0.001 -0.9 (-1.2, -0.6) 0.0 (-0.2, 0.1) <0.001 
Self Esteem -0.7 (-1.6, -0.2) -0.2 (-0.9, 0.5) <0.001 -0.9 (-1.2, -0.6) -0.3 (-0.4, -0.1) <0.001 
General Health 
Perceptions -1.2 (-1.7, -0.5) -0.6 (-1.2, 0.1) <0.001 -1.0 (-1.3, -0.8) -0.6 (-0.8, -0.5) 0.01 
Parental Impact- 
Emotional -1.3 (-2.2, -0.7) -0.3 (-1.5, 0.4) <0.001 -1.4 (-1.7, -1.1) -0.5 (-0.7, -0.3) <0.001 
Parental Impact- 
Time -0.3 (-1.4, 0.2) 0.8 (-0.3, 0.8) <0.001 -0.7 (-1.0, -0.3) 0.0 (-0.2, 0.2) 0.001 
Physical Summary 
Score -0.8 (-1.7, 0.0) 0.2 (-0.6, 0.4) <0.001 -0.9 (-1.2, -0.6) -0.3 (-0.4, -0.1) <0.001 
Psychosocial 
Summary Score -0.7 (-1.4, -0.3) 0.0 (-0.7, 0.7) <0.001 -0.9 (-1.2, -0.7) -0.1 (-0.3, 0.0) <0.001



For “both report,” both parent and child reported a sleep disturbance to be included in the group 

with sleep disturbance.  For “either report,” children were included if either parent or child 

reported a sleep disturbance. Data is presented as median (Interquartile range) for unadjusted 

data and mean (95% confidence interval) for adjusted data. Adjusted analysis included age, 

sex, pre-Fontan cardiac diagnosis, family income and parent level of education as covariates. 

Bold indicates p<0.05. 



 by the Congenital Heart Table S3. Child-reported health-related quality of life as measured
Adolescent and Teenager questionnaire in children with Fontan circulation with and  
without parent-reported sleep disturbance. 

Unadjusted Adjusted 
Sleep 

disturbance 
No sleep 

disturbance 
P Sleep 

disturbance 
No sleep 

disturbance 
P 

Both report 
Activity 
Limitations 20.1 (12.5, 31.3) 8.3 (4.2, 20.8) 0.008 22.4 (15.8, 29.0) 15.4 (13.7, 17.2) 0.047 
Emotional 
Concerns 31.3 (23.4, 43.8) 18.8 (6.3, 31.3) 0.001 36.6 (27.9, 45.2) 21.2 (18.9, 23.5) 0.001 
Friendship 
Problems 8.3 (0.0, 33.3) 0.0 (0.0, 8.3) 0.01 18.9 (10.5, 27.3) 5.9 (3.7, 8.1) 0.004 
Career Concerns 35.0 (22.5, 47.5) 10.0 (5.0, 20.0) <0.001 33.9 (26.1, 41.6) 15.1 (13.1, 17.2) <0.001 
Symptom 
Discomfort 11.0 (6.0, 19.0) 5.0 (2.0, 8.0) 0.001 11.7 (8.6, 14.8) 6.2 (5.4, 7.1) 0.001 

Either report 
Activity 
Limitations 16.7 (8.3, 29.2) 8.3 (0.0, 16.7) <0.001 19.4 (16.1, 22.9) 14.9 (13.0, 16.7) 0.02 
Emotional 
Concerns 28.1 (17.2, 40.6) 15.6 (6.3, 28.1) <0.001 30.6 (26.1, 35.2) 19.6 (17.1, 22.0) <0.001 
Friendship 
Problems 0.0 (0.0, 16.7) 0.0 (0.0, 8.3) 0.04 11.8 (7.8, 15.8) 5.6 (3.4, 7.7) 0.008 
Career Concerns 25.0 (10.0, 35.0) 10.0 (0.0, 20.0) <0.001 24.3 (20.1, 28.6) 13.9 (11.6, 16.2) <0.001 
Symptom 
Discomfort 8.0 (5.0, 16.5) 4.0 (2.0, 7.0) <0.001 10.5 (9.0, 12.0) 5.4 (4.5, 6.2) <0.001 

For “both report,” both parent and child reported a sleep disturbance to be included in the group 

with sleep disturbance.  For “either report,” children were included if either parent or child 

reported a sleep disturbance. Data is presented as median (Interquartile range) for unadjusted 

data and mean (95% confidence interval) for adjusted data. Adjusted analysis included age, 

sex, pre-Fontan cardiac diagnosis, family income and parent level of education as covariates. 

Higher scores on the Congenital Heart Adolescent and Teenager questionnaire indicate worse 

quality of life. Bold indicates p<0.05. 



Table S4. Association between broken out child-reported s leep disturbance and parent-

reported behavioral concerns and related medication use in children with Fontan  

circulation.

Unadjusted 
Trouble Sleeping? 

All of the 
time 

Most of the 
time 

Some of the 
time 

A little of the 
time 

None of 
the time 

Attention 
Problems 

2.1 (0.7, 6.3) 3.0 (1.3, 7.1) 2.0 (1.1, 3.8) 1.2 (0.6, 2.3) 1.0 

Anxiety Problems 3.6 (1.2, 11.2) 3.5 (1.4, 8.6) 0.7 (0.3, 1.9) 1.0 (0.4, 2.4) 1.0 
Behavioral 
Problems 

1.2 (0.3, 4.6) 2.3 (0.9, 5.7) 1.3 (0.6, 2.8) 1.8 (0.8, 3.8) 1.0 

Depression 4.3 (1.2, 16.1) 4.0 (1.4, 11.6) 1.4 (0.5, 4.0) 1.6 (0.5, 4.5) 1.0 
Developmental 
Delay 

2.4 (0.7, 7.8) 1.2 (0.4, 3.2) 1.4 (0.7, 2.9) 1.0 (0.5, 2.3) 1.0 

Learning problems 2.8 (0.9, 8.8) 1.6 (0.7, 3.7) 1.5 (0.8, 2.8) 1.0 (0.5, 2.0) 1.0 
Speech problems 0.3 (0.0, 2.3) 1.9 (0.8, 4.6) 1.5 (0.7, 3.1) 1.3 (0.6, 2.8) 1.0 
ADHD 
Medications 

4.4 (1.0, 19.1) 2.9 (0.8, 10.7) 1.3 (0.4, 4.6) 1.9 (0.6, 6.3) 1.0 

Psychiatric 
Medications 

4.8 (0.8, 28.8) 1.2 (0.1, 10.8) 1.1 (0.2, 6.3) 1.3 (0.2, 7.2) 1.0 
 

Adjusted 
Trouble Sleeping? 

All of the 
time 

Most of the 
time 

Some of the 
time 

A little of the 
time 

None of 
the time 

Attention 
Problems 

3.5 (1.1, 11.6) 4.2 (1.6, 11.1) 2.3 (1.2, 4.7) 1.5 (0.7, 3.0) 1.0 

Anxiety Problems 4.4 (1.2, 16.7) 3.9 (1.4, 11.1) 0.7 (0.2, 1.8) 0.9 (0.3, 1.2) 1.0 
Behavioral 
Problems 

1.4 (0.3, 6.4) 3.1 (1.1, 9.0) 1.6 (0.6, 3.7) 2.1 (0.8, 5.0) 1.0 

Depression 6.2 (1.3, 29.8) 5.0 (1.4, 17.2) 1.5 (0.5, 4.9) 1.7 (0.5, 5.3) 1.0 
Developmental 
Delay 

3.2 (0.9, 11.7) 1.2 (0.4, 3.6) 1.6 (0.7, 3.5) 1.0 (0.9, 1.1) 1.0 

Learning 
problems 

3.8 (1.2, 12.5) 1.9 (0.8, 4.5) 1.8 (0.9, 3.5) 1.1 (0.5, 2.1) 1.0 

Speech problems 0.4 (0.0, 3.2) 2.2 (0.8, 6.0) 2.0 (0.9, 4.5) 1.3 (0.6, 3.0) 1.0 
ADHD 
Medications 

13.8 (2.0, 
95.2) 

8.5 (1.7, 43.6) 1.7 (0.4, 7.1) 2.4 (0.6, 9.2) 1.0 

Psychiatric 
Medications 

22.0 (1.7, 
286.8) 

4.3 (0.3, 64.2) 0.9 (0.1, 6.7) 1.0 (0.8, 1.5) 1.0 



 Adjusted analysis included age, sex, pre-Fontan cardiac diagnosis, family income and parent  

level of education as covariates.  Bold indicates p<0.05. Trouble sleeping none of the time is the  

reference category. 

 



Table S5. Association between broken out child-reported sleep disturbance and Parent-  
reported Child Health Questionnaire domain Z-scores in children with Fontan circulation. 

Unadjusted 
Trouble Sleeping? 

All of the time Most of the time Some of the 
time 

A little of the 
time 

None of the 
time 

p 

Physical 
Functioning 

-0.8 (-1.1, -0.2) -0.5 (-1.5, 0.2) -0.1 (-1.1, 0.6) 0.2 (-0.4, 0.6) 0.2 (-0.8, 0.6) 0.12 

Role/Social Limits- 
Emotional 

-0.1 (-1.2, 0.5) 0.5 (-1.8, 0.5) 0.5 (-0.1, 0.5) 0.5 (-0.6, 0.5) 0.5 (-0.6, 0.5) 0.14 

Role/Social 
Limits- Physical 

0.4 (-1.3, 0.4) 0.4 (-1.3, 0.4) 0.4 (-1.3, 0.4) 0.4 (0.0, 0.4) 0.4 (0.4, 0.4) 0.006 

Bodily Pain -0.9 (-1.4, 0.1) 0.1 (-1.4, 0.1) 0.1 (-0.9, 1.0) 0.4 (0.0, 0.4) 0.4 (0.4, 0.4) <0.001 
General Behavior -0.2 (-1.0, 0.0) -0.5 (-1.2, 0.0) 0.3 (-0.5, 0.6) 0.0 (-0.3, 0.6) 0.5 (-0.5, 1.1) <0.001 
Mental Health -0.9 (-1.3, -0.2) -0.9 (-1.6, -0.2) -0.5 (-1.3, 0.2) 0.2 (-0.7, 0.6) 0.2 (-0.9, 0.9) <0.001 
Self Esteem -1.4 (-1.9, -0.5) -0.7 (-1.2, -0.2) -0.5 (-1.2, 0.0) -0.2 (-1.1, 0.3) 0.0 (-0.7, 0.7) <0.001 
General Health 
Perceptions 

-0.6 (-1.4, -0.3) -1.2 (-1.9, -0.6) -0.4 (-1.3, 0.1) -0.8 (-1.3, 0.1) -0.6 (-1.2, 0) 0.02 

Parental Impact- 
Emotional 

-1.5 (-2.3, -0.7) -1.1 (-2.3, -0.3) -0.3 (-1.5, 0.0) -0.3 (-1.1, 0.4) -0.3 (-1.5, 0.4) <0.001 

Parental Impact- 
Time 

-0.3 (-0.8, -0.3) -0.3 (-1.4, 0.2) 0.2 (-0.3, 0.8 -0.3 (-1.1, 0.4) -0.3 (-1.5, 0.4) <0.001 
 

Adjusted 
Trouble Sleeping? 

All of the time Most of the time Some of the 
time 

A little of the 
time 

None of the 
time 

p 

Physical 
Functioning 

-0.6 (-1.2, 0.0) -0.7 (-1.2, -0.3) -0.4 (-0.7, -
0.1) 

-0.4 (-0.7, 0.0) -0.2 (-0.4, 0.0) 0.30 

Role/Social 
Limits- Emotional 

-0.9 (-1.6, -0.3) -0.9 (-1.4, -0.4) -0.4, (-0.7,
0.0) 

-0.3 (-0.7, 0.1) -0.2 (-0.5, 0.0) 0.06 

Role/Social 
Limits- Physical 

-0.5 (-1.2, 0.1) -0.7 (-1.2, -0.2) -0.6 (-0.9, -
0.2) 

-0.2 (-0.5, 0.2) 0.1 (-0.2, 0.3) 0.01 

Bodily Pain -0.9 (-1.4, -0.3)* -0.4 (-0.8, -0.2) -0.2 (-0.5, 0.1) -0.1 (-0.4, 0.2) 0.5 (0.3, 0.7) <0.001 
General Behavior -0.5 (-1.0, 0.0) -0.5 (-0.9, -0.1) -0.1 (-0.4, 0.1) 0.0 (-0.3, 0.3) 0.3 (0.1, 0.5) <0.001 
Mental Health -1.0 (-1.4, -0.4) -0.8 (-1.2, -0.4) -0.4 (-0.7, -

0.2) 
-0.2 (-0.5, 0.1) 0.1 (-0.1, 0.3) <0.001 

Self Esteem -1.3 (-1.7, -0.8)*^ -0.7 (-1.0, -0.4) -0.7 (-0.9, -
0.4) 

-0.4 (-0.6, -
0.1) 

-0.1 (-0.3, 0.0) <0.001 

General Health 
Perceptions 

-0.8 (-1.4, -0.2) -1.0 (-1.5, -0.7) -0.6 (-0.9, -
0.3) 

-0.7 (-1.1, -
0.4) 

-0.6 (-0.8, -0.4) 0.32 

Parental Impact- 
Emotional 

-1.4 (-2.0, -0.9) -1.3 (-1.7, -0.9) -0.9 (-1.2, -
0.6) 

-0.4 (-0.8, -
0.1) 

-0.5 (-0.7, -0.3) 0.001 

Parental Impact- 
Time 

-0.3 (-1.1, 0.4) -0.7 (-1.2, -0.1) -0.2 (-0.6, 0.2) 0.0 (-0.4, 0.4) 0.0 (-0.2, 0.3) 0.18 

Data is presented as median (Interquartile range) for unadjusted data and mean (95% confidence  

interval) for adjusted data. Adjusted analysis included age, sex, pre-Fontan cardiac diagnosis, 



family income and parent level of education as covariates. For unadjusted analysis, Bold 

indicates p<0.05 (Kruskal-Wallis test). For adjusted analysis, p for trend is given in the table, 

additional p-values are indicated by the following: bold, p<0.05 compared to None of the time; 

italics, p<0.05 compared to a little of the time; *, p<0.05 compared to some of the time; ^, 

p<0.05 compared to most of the time. 



 by the Congenital Heart Table S6. Child-reported health-related quality of life as measured
Adolescent and Teenager questionnaire in children with Fontan circulation with broken out 
child-reported sleep disturbances. 

Unadjusted 
Trouble Sleeping? 

All of the time Most of the time Some of the time A little of the 
time 

None of the 
time 

p 

Activity 
Limitations 

16.7 (16.7, 33.3) 10.4 (8.3, 25.0) 16.7 (4.2, 29.2) 8.3 (4.2, 16.7) 8.3 (0.0, 16.7) <0.001 

Emotional 
Concerns 

34.4 (28.1, 40.6) 23.4 (14.1, 37.5) 21.9 (12.5, 34.4) 18.8 (6.3, 31.3) 15.6 (6.3, 25.0) <0.001 

Friendship 
Problems 

0.0 (0.0, 0.0) 0.0 (0.0, 29.1) 0.0 (0.0, 8.3) 0.0 (0.0, 9.3) 0.0 (0.0, 0.0) 0.003 

Career 
Concerns 

30.0 (10.0, 45.0) 17.5 (7.5, 32.5) 10.0 (5.0, 32.5) 10.0 (5.0, 32.5) 5.0 (0.0, 15.0) <0.001 

Symptom 
Discomfort 

14.0 (6.0, 20.0) 7.5 (4.5, 11.0) 6.0 (3.5, 9.0) 5.0 (2.0, 8.0) 3.0 (1.0, 6.0 <0.001 
 

Adjusted 
Trouble Sleeping? 

All of the time Most of the time Some of the time A little of the 
time 

None of the 
time 

p 

Activity 
Limitations 

21.2 (13.8, 28.7) 19.4 (13.8, 25.0) 21.8 (17.9, 25.8) 12.6 (8.5, 16.7) 12.0 (9.3, 14.7) <0.001 

Emotional 
Concerns 

40.3 (32.4, 48.2)*^ 28.0 (22.1, 34.0) 27.3 (23.1, 31.6) 19.6 (15.2, 24.0) 16.6 (13.8, 19.5) <0.001 

Friendship 
Problems 

9.0 (0.1, 18.0) 17.7 (10.9, 24.5)* 9.3 (4.6, 14.0) 3.9 (-1.1, 8.9) 3.9 (0.7, 7.1) 0.006 

Career 
Concerns 

27.1 (18.4, 35.9) 24.2 (17.5, 30.9) 23.3 (18.6, 27.9) 11.7 (6.9, 16.6) 11.0 (7.8, 14.2) <0.001 

Symptom 
Discomfort 

14.0 (11.1, 16.9)*^ 9.3 (7.1, 11.5) 8.1 (6.6, 9.7) 6.0 (4.4, 7.7) 4.3 (3.3, 5.4) <0.001 

Data is presented as median (Interquartile range) for unadjusted data and mean (95% confidence 

interval) for adjusted data. Adjusted analysis included age, sex, pre-Fontan cardiac diagnosis, 

family income and parent level of education as covariates. Higher scores indicate worse quality 

of life. For unadjusted analysis, Bold indicates p<0.05 (Kruskal-Wallis test). For adjusted 

analysis, p for trend is given in the table, additional p-values are indicated by the following: 

bold, p<0.05 compared to None of the time; italics, p<0.05 compared to a little of the time; *, 

p<0.05 compared to some of the time; ^, p<0.05 compared to most of the time. 



Table S7. Parent and Child-reported health-related quality of life in children with Fontan 
circulation excluding participants with reported developmental delay, use of ADHD 
medications or psychiatric medications. 

Parent-reported health-related quality of life (Children’s Health Questionnaire Z-scores) 
Unadjusted Adjusted 

Sleep 
Disturbance 

No Sleep 
Disturbance 

p Sleep 
Disturbance 

No Sleep 
Disturbance 

p 

Physical Functioning -0.5 (-1.1, 0.2) 0.2 (-0.5, 0.6) 0.007 -0.8 (-1.1, -0.4) -0.2 (-0.4, -0.1) 0.007 
Role/Social Limits- 
Emotional 

0.5 (-0.6, 0.5) 0.5 (-0.1, 0.5) 0.1 -0.3 (-0.6, 0.0) -0.2 (-0.3, 0.0) 0.36 

Role/Social Limits- 
Physical 

0.4 (-0.4, 0.4) 0.4 (0.4, 0.4) 0.045 -0.5 (-0.8, -0.2) -0.1 (-0.2, 0.1) 0.03 

Bodily Pain -0.9 (-1.6, 0.1) 0.3 (-0.4, 1.0) <0.001 -0.8 (-1.0, -0.4) 0.2 (0.1, 0.4) <0.001 
General Behavior -0.2 (-1.0, 0.5) 0.5 (-0.2, 1.0) <0.001 -0.2 (-0.4, 0.1) 0.3 (0.1, 0.4) 0.01 
Mental Health -0.5 (0.2, 0.9) 0.2 (-0.5, 0.9) <0.001 -0.5 (-0.8, -0.2) 0.1 (-0.1, 0.2) <0.001 
Self Esteem -0.7 (-1.2, -0.2) -0.2 (-0.9, 0.7) 0.003 -0.6 (-0.9, -0.2) -0.3 (-0.4, -0.1) 0.09 
General Health 
Perceptions 

-1.0 (-1.6, -0.5) -0.6 (-1.2, 0.1) 0.01 -0.9 (-1.3, -0.6) -0.6 (-0.8, -0.4) 0.06 

Parental Impact- 
Emotional 

-0.7 (-1.9, -0.5) 0.0 (-1.1, 0.4) <0.001 -1.1 (-1.5, -0.8) -0.4 (-0.5, -0.2) <0.001 

Parental Impact- 
Time 

-0.3 (-0.8, 0.5) 0.8 (-0.3, 0.8) <0.001 -0.3 (-0.7, 0.1) 0.2 (0.0, 0.3) 0.049 

Physical Summary 
Score 

-0.5 (-1.5, 0.0) 0.1 (-0.4, 04) <0.001 -0.8 (-1.1, -0.5) -0.2 (-0.4, -0.1) <0.001 

Psychosocial 
Summary Score 

-0.5 (-0.9, 0.0) 0.2 (-0.5, 0.8) <0.001 -0.5 (-0.7, -0.2) 0.0 (-0.1, 0.1) <0.005 

Child-reported health-related quality of life (Congenital Heart Adolescent and Teenager Questionnaire) 
Unadjusted Adjusted 

Sleep 
Disturbance 

No Sleep 
Disturbance 

p Sleep 
Disturbance 

No Sleep 
Disturbance 

p 

Activity Limitations 16.7 (8.3, 29.2) 8.3 (0.0, 16.7) 0.003 20.6 (16.2, 25.0) 13.5 (11.5, 15.5) 0.005 
Emotional Concerns 28.1 (12.5, 39.1) 15.6 (6.3, 

28.1) 
0.001 28.7 (22.9, 34.6) 19.2 (16.5, 21.8) 0.005 

Friendship Problems 0.0 (0.0, 16.7) 0.0 (0.0, 0.0) 0.01 14.5 (10.9, 18.2) 5.0 (3.3, 6.6) <0.001 
Career Concerns 20.0 (10.0, 30.0) 5.0, 0.0 (15.0) <0.001 22.1 (18.2, 26.1) 13.0 (11.2, 14.8) <0.001 
Symptom Discomfort 7.0 (5.0, 16.5) 4.0 (2.0, 7.0) <0.001 10.7 (8.3, 13.1) 5.5 (4.4, 6.6) <0.001 

Children with either parent or child report of sleep disturbance are included in the sleep 

disturbance group. Data is presented as median (Interquartile range) for unadjusted data and  

mean (95% confidence interval) for adjusted data. Adjusted analysis included age, sex, pre-



Fontan cardiac diagnosis, family income and parent level of education as covariates. Bold 

 indicates p<0.05. 
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