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Abstract

Objectives—To assess self-reported quality of life (QOL) in a large multicenter cohort of 

adolescent and young adults surviving Fontan.

Study design—Cross-sectional. The Pediatric Quality of Life Inventory (PedsQL) was 

administered to 408 survivors of Fontan ages 13–25 years enrolled in the Pediatric Heart Network 

Fontan Follow-up Study. Subjects also completed either the Child Health Questionnaire (CHQ-87, 

age < 19years) or Short Form 36 (SF-36, age ≥19 years). PedsQL data were compared with 
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matched controls without a chronic health condition. Correlations between the measures were 

examined.

Results—Mean PedsQL scores for subjects receiving Fontan were significantly lower than those 

for the control group for physical and psychosocial QOL (P<0.001). Overall, 45% of subjects 

receiving Fontan had scores in the clinically significant impaired range for physical QOL with 

30% in the impaired range for psychosocial QOL. For each 1 year increase in age, the physical 

functioning score decreased by an average of 0.76 points (p=0.004) and the emotional functioning 

score decreased by an average of 0.64 points (p=0.03). Among subjects ≥ 19 years of age, the 

physical functioning score decreased by an average of 2 points for each year increase in age 

(p=0.02). PedsQL scale scores were significantly correlated with conceptually related CHQ-87 

(p<0.001) and SF-36 scores (p<0.001).

Conclusions—Survivors of Fontan are at risk for significantly impaired QOL which may 

decline with advancing age. Routine assessment of QOL is essential to inform interventions to 

improve health outcomes. The PedsQL allowed QOL assessment from pediatrics to young 

adulthood.

Trials Registration—ClinicalTrials.gov: NCT00132782.
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Advances in medical and surgical care have dramatically improved the life expectancy of 

children with congenital heart disease (CHD), including children born with complex single 

ventricle defects who undergo the Fontan operation. Although the Fontan surgery does not 

provide anatomic correction, it provides separate pulmonary and systemic circulations 

supported by the single ventricle, allowing an increasing number of patients to reach 

adulthood and the opportunity for a productive life. However, greater knowledge of 

psychosocial morbidity and the potential impact of the Fontan operation on overall quality 

of life (QOL) and functioning are essential to improving outcomes in this patient population.

QOL is a multidimensional construct which includes physical, psychological, and social 

functioning, consistent with the World Health Organization’s (WHO) definition of health.1 

Furthermore, the WHO has emphasized that QOL is a subjective experience, defined as 

“individuals’ perceptions of their position in life in the context of the culture and value 

systems in which they live, and in relation to their goals, expectations, standards, and 

concerns.”2 QOL measurement however, has been fraught with many conceptual and 

methodological issues.3 It is often incorrectly used as a generic label to describe a range of 

physical, health status, and psychosocial variables, including objective observations by 

others reflecting their standards. Past studies have often relied on parental report, are limited 

by small sample size/single center design, are restricted to a specific age-group, or use 

different measures across age-groups.4–10 No longitudinal follow-up of QOL has been 

reported in patients with Fontan physiology as they move through childhood to young 

adulthood, perhaps in part reflecting the lack of an available self-report QOL measurement 

instrument that spans the age range of this growing population of survivors of Fontan.
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Our aims were to describe self-reported QOL in a large multicenter cohort of adolescent and 

young adult patients following the Fontan operation as measured by the Pediatric Quality of 

Life Inventory (PedsQL), and to examine the correlation between the PedsQL and related 

conceptual functional domains (Physical and Psychosocial/Mental functioning) as measured 

on the Child Health Questionnaire (CHQ-87) in patients < 19 years of age and the Short-

Form Health Survey (SF-36) in patients 19 years of age and older.

METHODS

The Pediatric Heart Network Fontan Cross-Sectional Study (Fontan 1) characterized a multi-

institutional cohort (7 sites) of 546 survivors after the Fontan procedure, ages 6 to 18 years 

at enrollment.11. From this original cohort, patients who were alive with a Fontan circulation 

were approached for enrollment in the Fontan Follow-up Study (Fontan 2) from 2009–

201112 and are the subjects of this study. Changes in functional health status from Fontan 1 

to Fontan 2 as well as predictors of these changes in this patient cohort have been previously 

reported.12 The protocol was approved by each center’s institutional review board and 

informed consent was obtained.

To assess QOL, patients completed the Pediatric Quality of Life Inventory (PedsQL) 4.0 

Generic Core Scales13 and the PedsQL Cardiac Module.14, 15 The 23-item PedsQL Core 

scales encompass Physical, Emotional, Social, and School/Work functioning. Items are 

linearly transformed to a 0-to-100 scale, so that higher scores indicate better QOL. Parallel 

Child, Teen, and Young Adult versions of the PedsQL have been developed with similar 

content and wording across forms to facilitate evaluation of differences across and between 

age groups as well as longitudinal tracking. To create a Psychosocial Health Summary score, 

the mean of the Emotional, Social, and School/Work functioning scales is computed. The 

reliability and validity of the PedsQL Generic Core Scales have been demonstrated in 

healthy and patient populations.13, 16–18 The PedsQL Cardiac Module has 6 scales related to 

symptoms, treatment barriers (for patients on medications), perceived physical appearance, 

treatment anxiety, cognitive problems, and communication. Formatting and scoring are the 

same as the PedsQL Generic Core Scales. Validity and reliability for 8 to 18 year olds has 

been demonstrated.14

Patients < 19 years old completed the Child Health Questionnaire (CHQ)-CF87, the same 

measure administered to patients 10–18 years of age in Fontan 1. The CHQ assesses 

functional health status across a range of areas related to physical, mental, and social 

domains.19 The scale domain scores range from 0 to 100, with higher scores indicating 

better function.

In patients ≥ 19 years of age, functional health status was measured using the Short-Form 

Health Survey version 2 (SF-36). The 36-item SF-36 is a multi-purpose, short-form health 

survey. It yields an 8-scale profile of functional health and well-being scores as well as 

psychometrically-based Physical and Mental Health component summary measures.20 The 

reliability and the validity of the SF-36 health survey have been established.21, 22
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Data analyses

Descriptive statistics for demographic and clinical variables are reported as means and 

standard deviation or medians with interquartile range (IQR) for continuous variables and 

frequencies/proportions for categorical variables. Patient characteristics and PedsQL Scale 

and summary scores were compared between adolescents (< 19 years old) and young adults 

(≥ 19 years of age) using appropriate statistical tests (Student’s t-test for means, Wilcoxon 

ranked-sum test for medians, or Fisher Exact test for frequencies). PedsQL Scale and 

summary scores were also compared with an age, sex, and race/ethnicity matched healthy 

children sample from the PedsQL database. The healthy comparison group was comprised 

of 342 subjects from the PedsQL healthy children database which is composed of children 

and young adults without a chronic health condition16, 17 and included 242 subjects < 19 

years old and 100 subjects 19–25 years of age. Comparisons were repeated after adjustments 

for minor differences in age and sex and showed no significant differences from unadjusted 

values. Adjusted values are reported. For each individual scale and the psychosocial health 

summary score, we report the frequency of scores greater than one standard deviation below 

the general pediatric population sample mean, the cutoff score for significantly impaired 

QOL.16 Individual item analysis with ranking was performed to identify the most significant 

problems or lowest mean scores within PedsQL Core and Cardiac Module scales. 

Unadjusted linear regression models were used to test the association between each of the 

PedsQL Scale scores and age. Regression analyses were used to test the association of 

PedsQL Scales with income, maternal education, and sex. Spearman correlation coefficients 

were calculated to test the association between the PedsQL scores and the corresponding 

CHQ-CF87 and SF-36 scores. Effect sizes were designated as small (0.10–0.29), medium 

(0.30–0.49), and large (≥ 0.50).

RESULTS

Of 427 subjects enrolled in Fontan 2 in 2009–2011, 408 (96%) completed the PedsQL. In 

addition to the PedsQL, 255 adolescents < 19 years old completed the CHQ and 153 young 

adults 19–25 years of age completed the SF-36. Demographic and key patient characteristics 

for subjects receiving Fontan are summarized in Table I. The mean age at Fontan 2 

enrollment was 18.4 ±3.4 years. The mean follow up time after Fontan surgery was 15.2 

±3.4 years. Young adult patients were more likely than adolescents to have an 

atriopulmonary connection. There were no significant differences in demographic 

characteristics between the subjects receiving Fontan and the healthy comparison sample 

except that among subjects < 19 years old, the subject group receiving Fontan was 

somewhat older (mean age 16.2±1.6 years) than the healthy group (mean age 15.0 ±1.1 

years), P <0.001.

Young adults receiving Fontan had significantly lower PedsQL scores related to Physical 

Functioning (P=0.02), heart problems/symptoms (P=0.01) and treatment barriers (P=0.002) 

in comparison with adolescents with Fontan. Overall mean PedsQL scores for subjects with 

Fontan were significantly lower than those for the healthy controls for physical and 

psychosocial QOL, including emotional, social, and School/work QOL (all P<0.001). In the 

young adults receiving Fontan (Table II), PedsQL scores for Total, Physical, and Social 
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QOL were significantly lower than the healthy comparison group (all P <0.001), but there 

were no significant differences related to Psychosocial, Emotional or School/work 

functioning scores. Overall, 45% of subjects with Fontan had Physical Functioning Scores > 

1 standard deviation below the population sample mean, the cutoff point for significantly 

impaired QOL in the general pediatric population (Table III). In 30% of subjects receiving 

Fontan, Psychosocial Health Summary scores were consistent with significantly impaired 

psychosocial QOL. Emotional functioning was least likely to be significantly impaired 

(20%) with more frequent impairment noted for Social Functioning (27%) and School/Work 

Functioning (31%).

Individual item analysis revealed the most common problems reported as “often” or “almost 

always” included getting out of breath during sports activity or exercise (35%), having to 

rest more than friends (28%), difficulty running (26%), fast heart beat (15%), difficulty 

doing sports or exercise (22%), not being able to do things others could do (18%), trouble 

sleeping (16%), worrying about what will happen (16%), not liking people to see scars 

(16%), and difficulty explaining heart problem to others (21%).

There were significant associations between Physical Functioning scores and both age and 

sex (Table IV). For each 1 year increase in age, the predicted Physical Functioning score 

decreased by an average of 0.76 points (p=0.004). The predicted mean Physical Functioning 

score was 6.9 points higher for males than females (P<0.001). Among subjects ≥ 19 years of 

age, for each 1 year increase in age, the Physical Functioning score decreased by an average 

of 2 points (P=0.02), and the average Physical Functioning score was 9.2 points higher in 

males than females (P=0.005). There was no significant association between Physical 

Functioning scores and household income or maternal education. There were no differences 

in physical functioning scores related to type of Fontan among young adults, mean scores 

71.8 ± 20.4 in atriopulmonary connection versus 71.4 ± 20.3 in total cavopulmonary 

connections. There was a significant correlation between PedsQL Physical Functioning and 

Psychosocial Health Summary scores for all subjects (r=0.71, P<0.001), among adolescents 

< 19 years (r=0.67, P<0.001), and among young adults (r=0.77, P<0.001).

Psychosocial Health Summary scores (Table IV) were significantly associated with 

household income (P=0.04), especially among subjects ≥ 19 years age (P=0.006). There was 

no significant association between Psychosocial Health Summary scores and subject age, 

sex, or maternal education. There was also no significant difference related to type of 

Fontan. Among all subjects, there was a significant association between Emotional 

Functioning scores and both age (P=0.03) and sex (P=0.002) with males having an average 

score 6.2 points higher than females. For each 1 year increase in age, the Emotional 

Functioning score decreased by an average of 0.64 points (P=0.03). There was no significant 

association between Social Functioning scores and sociodemographic characteristics. 

Among all subjects, school/work functioning was significantly associated with household 

income (P=0.007) as well as with maternal education (P=0.008).

In patients < 19 years of age, the relationship between QOL as measured by the PedsQL and 

related conceptual functional domains (Physical and Psychosocial/Mental functioning 

scores) as measured by the Child Health Questionnaire (CHQ-87) was examined. All 
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CHQ-87 scores were significantly correlated with each of the PedsQL scores, P<0.001. 

There was a strong correlation between the two physical functioning scores, r=0.75. There 

was also a strong correlation between the PedsQL Psychosocial Health Summary score and 

the Behavior (r=0.66), Mental Health (r=0.66), and Self-Esteem scales (r=0.60) of the 

CHQ-87.

In subjects ≥ 19 years old, for whom the CHQ-87 is not a valid measure, the relationship 

between QOL as measured by the PedsQL and related conceptual functional domains 

(Physical and Psychosocial/Mental scores) as measured by the SF-36 were also examined. 

All SF-36 scores were significantly correlated with each of the PedsQL scores, P<0.001. 

There were strong correlations between PedsQL Physical Functioning scores and SF-36 

Physical Functioning, (r=0.77) and the SF-36 Aggregated Physical Scores, r=0.68. There 

was a medium to strong correlation between the PedsQL Psychosocial Health Summary and 

the SF-36 Mental Health score (r=0.59, P<0.001) and SF-36 Aggregated Mental score 

(r=0.53, P<0.001). The SF-36 Mental Health scores were more highly correlated with the 

PedsQL Emotional Functioning scale (r=0.59) than with the Social Functioning scale 

(r=0.40).

DISCUSSION

Adolescents and young adults with Fontan circulation describe lower physical and 

psychosocial QOL than the healthy population without a chronic health condition, with 

lower physical functioning, more symptoms (heart problems), and more perceived treatment 

barriers reported by young adults than the adolescent age group. Lower self-reported 

physical and psychosocial QOL is also consistent with parent-reports of functioning in these 

domains on the CHQ in this same patient group,12 and with pediatric and adult self-reports 

in patients receiving Fontan previously reported in Denmark and the Netherlands,4, 23 as 

well as in patients with other chronic health conditions.7 Deficits in physical health or 

functional status6, 24 and depression24 have also been reported in the single ventricle 

population. Furthermore, in this cross sectional sample, age group comparisons and the 

linear regression model suggest that physical QOL may diminish with advancing age. 

Although there was no significant association between type of Fontan and physical 

functioning scores as previously reported7, older patients in our cohort were more likely to 

have had an atriopulmonary connection which was reported to be associated with a 

significantly higher incidence of developing a new arrhythmia requiring treatment, perhaps 

partly explaining the association between older age and greater treatment related 

problems12. Male subjects receiving Fontan reported significantly higher scores for physical 

functioning, similar to findings in healthy populations, perhaps reflecting different gender 

expectations.17, 25 Psychosocial QOL was strongly correlated with physical functioning in 

our study. Although the majority of patients with Fontan report a good psychosocial QOL, 

overall psychosocial QOL was impaired in nearly one in three patients. In spite of lower 

physical functioning in the young adults, overall psychosocial functioning was not worse in 

older patients. Young adults had lower social functioning than their healthy counterparts, but 

their emotional functioning was not significantly different from their peers, perhaps 

suggesting the majority had learned how to cope with their physical limitations. Diminished 

social functioning and problems with social cognition have been recognized in patients with 
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CHD26 with perceived social support identified as a positive and potentially modifiable 

predictor of QOL in adolescents and adults with Fontan or other CHD.24, 27–30

Our data support a significant relationship between QOL and functional status related to 

both physical and psychosocial functioning. Both concepts, QOL or well-being and 

functioning, are now considered essential aspects of health, reflected in individual 

experience.31 Functioning is generally thought to be more objective compared with the more 

subjective category of well-being or QOL.31 Functional status is often affected by health 

status and may have a significant impact on QOL, at least with respect to physical 

functioning, though the relationship to psychosocial functioning has been less clear. In 

patients < 19 years of age, we found high intercorrelations between QOL as measured on the 

PedsQL and functional status related to physical and psychosocial functioning as measured 

utilizing the CHQ-87. In older subjects, there was also a strong correlation between QOL as 

measured on the PedsQL Physical Functioning scale and functional status related to Physical 

Functioning on the SF-36. The PedsQL Psychosocial Health Summary Score demonstrated 

medium to high intercorrelations with the SF-36 Aggregated Mental score, as reported in the 

healthy sample described by Varni and Limbers16 with the SF-8.

QOL related to physical functioning was perceived as significantly impaired by 

approximately 50% of young adults with Fontan. In addition, our data demonstrate impaired 

psychosocial QOL in approximately one in three patients with Fontan, especially related to 

social functioning. Although psychosocial QOL is significantly related to physical 

functioning in these patients, it should be noted that physical and especially psychosocial 

QOL is often not related to clinical indicators of disease severity.27, 32–34 Weak associations 

between functional status (CHQ -87 scores) and echocardiographic results, cardiac magnetic 

imaging results, and serum brain natriuretic peptide levels in patients post Fontan have been 

found33, 35, 36. Studies suggest that exercise prescription or rehabilitation and avoidance of 

unnecessary exercise restriction may improve exercise capacity and psychosocial QOL.37, 38 

Recent reports also suggest the potential for pulmonary vasodilators to improve exercise 

performance in children and young adults with Fontan circulation,39, 40 however the impact 

on QOL has not been examined.

Finally, the data support the validity of the PedsQL across the age-span from 13–25 years. 

The measure distinguished between healthy individuals and patients with Fontan and was 

significantly correlated with similar functional health status domains in adolescents and 

young adults. Several studies have expanded the use of the PedsQL Young Adult to persons 

older than 25 years of age with and without chronic health conditions, supporting the 

reliability and validity in older patients,41,42 emphasizing the value of the instrument 

especially for those transitioning from childhood to adulthood and for longitudinal 

assessment.

The strengths of this study include the multi-site, large sample size, self-reporting rather 

than proxy-reporting, and use of a single validated instrument with normative data across a 

wide age span. Study limitations are related to the cross-sectional design and potential 

survivor bias. Minimal concurrent objective data regarding disease severity precluded 

examinations of associations with clinical data.
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Survivors of Fontan are at risk for significantly impaired QOL which may worsen with 

advancing age. Improvement in both QOL and functioning are important outcomes in young 

patients with chronic health conditions. The PedsQL allowed QOL assessment from 

pediatrics to young adulthood. Longitudinal studies are needed to further elucidate changes 

in QOL over time and to evaluate the impact of targeted interventions, including promotion 

of physical activity and social support, to improve outcomes.
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National Heart, Lung, and Blood Institute--Gail Pearson, MD, ScD, Mario Stylianou, PhD, 

Jonathan Kaltman, MD, Victoria Pemberton, RNC, MS

Data Coordinating Center--New England Research Institutes: Lynn Sleeper* (ScD), Steven 

Colan, MD, Dianne Gallagher, MS*, Victor Zak, PhD, Peter Shrader,* MA

Protocol Chair--Lynn Mahony, MD (University of Texas Southwestern Medical Center, 

Dallas, TX)

Clinical Site Investigators--Boston Children’s Hospital (Boston, MA): Jane Newburger, 

MD, MPH (Principal Investigator), Roger Breitbart, MD, Carolyn Dunbar-Masterson, RN, 

MS, Jill Handisides, BSN, Lisa-Jean Buckley, Bethany Trainor, RN, BSN*; Children’s 

Hospital of New York (New York, NY): Wyman W. Lai, MD (Principal Investigator), 

Rosalind Korsin, RN; Children’s Hospital of Philadelphia (Philadelphia, PA): Robert 

Shaddy, MD, J William Gaynor, MD, Stephen M Paridon, MD(Principal Investigators), 

Kaitlyn Daniels, BSN, Tonia Morrison, MSM, CCRC, Nicole Mirarchi, RN*; Duke 

University (Durham, NC): Jennifer S. Li, MD (Principal Investigator), Piers Barker, MD, 

Mingfen Xu, MSN; Medical University of South Carolina, J. Philip Saul, MD *(Principal 

Investigator), Andrew M. Atz, MD, Patricia Infinger, CCRP, Ann Harvey Frampton, BS*; 

Primary Children’s Hospital (Salt Lake City, UT): LuAnn Minich, MD (Principal 

Investigator), Richard Williams, MD, Linda Lambert MSN, cFNP; University of Toronto, 

Hospital for Sick Children (Toronto, Ontario, Canada): Brian McCrindle, MD (Principal 

Investigator), Elizabeth Radojewski, RN, Svetlana Khaikin, RN, MPH, Patricia Walter; RN, 

BScN. Cincinnati Children’s Hospital Medical Center, (Cincinnati, OH): Bradley Marino, 

MD*, Karen Uzark, PhD, CPNP*

Protocol Review Committee--Michael Artman, MD (New York University Medical Center, 

New York, NY); Timothy Feltes, MD (Nationwide Childrens Hospital, Columbus, OH); 

Julie Johnson, PharmD* (University of Florida, Gainesville, FL); Jeffrey Krischer, PhD 

(University of South Florida, Tampa, FL); G. Paul Matherne, MD (University of Virginia, 

Charlottesville, VA); Nakela Cook, MD, MPH* (National Heart, Lung, and Blood Institute, 

Bethesda, MD).

Data and Safety Monitoring Board--John Kugler, MD, (Children’s Hospital, Omaha, NE); 

Chair; David Gordon, MD, PhD (National Heart, Lung, and Blood Institute, Bethesda, MD); 

David J. Driscoll, MD (Mayo Clinic, Rochester, MN); Mark Galantowicz, MD (Nationwide 

Children’s Hospital, Columbus, OH); Sally A. Hunsberger, PhD (National Insitutes of 

Health, Bethesda, MD); Holly Taylor, PhD (Bloomberg School of Public Health, Baltimore, 

MD); Thomas J. Knight, JD (Anniston, AL); Catherine L. Webb, MD (University of 

Michigan, Ann Arbor, MI).
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Table 3

PedsQL Scores in Impaired* Range among Fontan subjects

All subjects

Variable N Frequency
Impaired (%)

95% CI for
Frequency

Physical functioning 406 181 (45%) (40% – 50%)

Emotional functioning 406 81 (20%) (16% – 24%)

Social functioning 407 109 (27%) (23% – 31%)

School/work functioning 405 124 (31%) (26% – 35%)

Psychosocial health summary 407 122 (30%) (26% – 35%)

Total score 408 152 (37%) (33% – 42%)

Subjects <19 years old

Variable N Frequency
Impaired (%)

95% CI for
Frequency

Physical functioning 254 103 (41%) (34% – 47%)

Emotional functioning 254 51 (20%) (15% – 26%)

Social functioning 254 65 (26%) (20% – 31%)

School functioning 254 90 (35%) (30% – 42%)

Psychosocial health summary 254 77 (30%) (25% – 36%)

Total score 255 88 (35%) (29% – 41%)

Subjects ≥19 years old

Variable N Frequency
Impaired (%)

95% CI for
Frequency

Physical functioning 152 78 (51%) (43% – 60%)

Emotional functioning 152 30 (20%) (14% – 27%)

Social functioning 153 44 (29%) (22% – 37%)

School/work functioning 151 34 (23%) (16% – 30%)

Psychosocial health summary 153 45 (29%) (22% – 37%)

Total score 153 64 (42%) (34% – 50%)

*
> 1 SD (standard deviation) demonstrates the scores that fall 1 SD below the population sample mean and represents an at-risk status for impaired 

health-related quality of life.
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