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Physical activity levels in children and adolescents are reduced
after the Fontan procedure, independent of exercise capacity,
and are associated with lower perceived general health
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Objectives: To determine physical activity levels in paediatric patients who underwent the Fontan procedure,
and their relationship to functional status and exercise capacity.
Study Design: We studied 147 patients (ages 7–18 years) at a median of 8.1 years after Fontan, as part of
the Pediatric Heart Network cross-sectional study of Fontan survivors. Assessment included medical history,
self-reported physical activity, parent-completed Child Health Questionnaire (CHQ), cardiopulmonary
exercise testing and physical activity level measured by accelerometry (MTI Actigraph).
Results: Measured time spent in moderate and vigorous activity was markedly below normal at all ages,
particularly in females, and was not significantly related to self-reported activity levels, or to maximum VO2,
VO2 at anaerobic threshold or maximum work rate on exercise testing. Lower measured activity levels were
significantly related to lower perceived general health but not to self-esteem, physical functioning, social
impact of physical limitations or overall physical or psychosocial health summary scores. Reduced exercise
capacity was more strongly related than measured activity levels to lower scores in general health, self-esteem
and physical functioning.
Conclusions: Physical activity levels are reduced after Fontan, independent of exercise capacity, and are
associated with lower perceived general health but not other aspects of functional status.

R
educed exercise capacity has been noted for patients with a
functional single ventricle who have had the Fontan
procedure,1 2 and is related to both cardiac and pulmonary

factors.3–9 While the maximal exercise capacity of children with
congenital heart disease has been studied,10 little is known
about the levels of habitual physical activity, especially after the
Fontan procedure.11–13 Only one study12 objectively quantified
habitual physical activity levels by accelerometry, and another
case study used a heart rate monitor.14 Rehabilitation programs
for Fontan patients have shown the positive benefits of physical
activity and exercise training in increasing exercise capacity.15–18

Functional status is a concern after the Fontan procedure.19

Multiple terms have been previously used to express the
concept of functional status, and include functional status,
functional outcomes, quality of life and health-related quality
of life, with no standardised definitions. We define functional
status as the patient’s perception of their physical and
psychosocial well-being and functional capacity as framed
within the context of health. Exercise capacity as objectively
measured through standardised cardiopulmonary exercise
testing is taken to be a specific aspect of functional status.
The determinants of functional status are complex, with
medical morbidity being only one of many potential factors.
Physical activity levels may be both an indicator of and a
contributor to physical health, and may reflect exercise capacity
as well as self-efficacy, or the individual’s personal beliefs
regarding their own abilities and competencies. The assessment
and definition of physical activity levels in these patients may
characterise an additional aspect of functional status which
may be amenable to intervention.

The purpose of this study was to determine the habitual
physical activity levels in children and adolescents after the
Fontan procedure, and to examine the relationships among
physical activity, patient and medical characteristics, attitudes

towards exercise, exercise capacity and functional status. We
hypothesised that functional status would be more strongly
related to measured physical activity levels than to exercise
capacity.

METHODS
This study was ancillary to the Fontan Cross-Sectional Study
performed by the Pediatric Heart Network (PHN), which
consists of seven paediatric cardiac centres in the United
States and Canada, a Data Coordinating Center at the New
England Research Institutes, and the PHN Chair. The PHN
performs multi-centre clinical studies with funding from the
National Heart, Lung, and Blood Institute of the National
Institutes of Health. The primary aim of the Fontan Cross-
Sectional Study was to assess the correlation between measures
of functional status, ventricular function and exercise perfor-
mance in paediatric Fontan procedure survivors. Participation
in ancillary studies is optional, and this ancillary study involved
some but not all participating patients from three PHN centres
(Toronto, New York and Salt Lake City). The ancillary study
was approved by the institutional ethics review board of each
institution, and participants and/or their parent or legal
guardian gave written informed consent or assent.

Study subjects
Inclusion criteria for the Fontan Cross-Sectional Study included
age 6–18 years at enrolment and having had the Fontan

Abbreviations: BMI, body mass index; CHAT, Congenital Heart
Adolescent and Teenage questionnaire; CHQ, Child Health Questionnaire;
METS, metabolic equivalent tasks; MPA, moderate physical activity; MVPA,
moderate and vigorous physical activity; PHN, Pediatric Heart Network;
VAT, ventilatory anaerobic threshold; VCO2, carbon dioxide production;
VO2, oxygen consumption; VPA, vigorous physical activity
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procedure at least 6 months before initial study testing.
Subjects agreed to have an echocardiogram, complete a parent
report functional status questionnaire and blood testing within
3 months of enrolment. Exclusion criteria included the
presence of a non-cardiac medical or psychiatric disorder,
current or planned participation in a competing research study,
lack of reading fluency by the primary care giver in English or
Spanish, and current or planned pregnancy. Only patients who
also completed the cardiopulmonary exercise testing compo-
nent of the Fontan Cross-Sectional Study were approached for
participation in this ancillary study.

Measurements
Medical record review and questionnaires
A detailed medical record review was performed to determine
patient demographics, underlying cardiac anatomy, pre-Fontan
characteristics (procedures, complications, clinical status),
Fontan procedure features and immediate clinical course, and
outcomes during follow-up. Parents completed the Child
Health Questionnaire (CHQ) Parent Report form (CHQ-PF50)
as a generic measure of functional status.20 Scoring of the 12
subscales of the CHQ contributes to overall Psychosocial and
Physical Functioning Summary Scores. Children also completed
a questionnaire to assess self-reported physical activity habits
and attitudes. This questionnaire is not designed to be an
objective measure of physical activity but to provide qualitative
information, and was used in clinical practice at one of the
study centres. Normal comparison data are not available.

Subjects between ages 10 and 18 years completed the
Congenital Heart Adolescent or Teenage (CHAT) questionnaire,
a congenital heart disease-specific functional status instru-
ment. Interviews were conducted with 37 adolescents with
congenital heart disease, and themes were identified.21 Items
were developed, the questionnaire was piloted and revised, and
then applied to a population of 162 adolescents with congenital
heart disease attending paediatric cardiology outpatient clinics
at The Hospital for Sick Children. The rate of completion of all
components was .97%. Principal component factor analysis
was performed for item reduction, and scores were developed in
three single item domains (general health, social life been
affected, perceived condition seriousness) and five multi-item
domains (activity limitation score, emotional concerns score,
friendship problems, career concerns, symptom discomfort).
The items and domains showed excellent Cronbach’s a and
construct validity. Test–retest reliability was assessed for 21
subjects who completed the questionnaire twice, and showed
excellent intra-class correlations for each domain, ranging from
0.74 to 0.94.

Cardiopulmonary exercise testing
Age for the study was taken as age at enrolment in the ancillary
study, which was usually at the time of exercise testing.
Standardised height and weight measurements were taken at
the time of exercise testing. Maximal exercise testing was
performed using a ramp protocol on an electronically braked
cycle ergometer. All subjects were encouraged to exercise to
exhaustion. Expired gases were measured while the subjects
were sitting on the ergometer during 3 min of quiet rest prior to
beginning the study, and were then collected throughout the
exercise protocol using commercially available metabolic carts.
Oxygen consumption (VO2) and carbon dioxide production
(VCO2) were measured on a breath-by-breath basis. Peak VO2

was defined as the highest VO2 achieved by the subject during
the test. Ventilatory anaerobic threshold (VAT) was measured
using the V-slope method in those subjects in whom it could be
accurately determined. Values for VO2 were indexed to body
weight and also expressed as a percentage of predicted values

for healthy age- and gender-matched subjects as reported by
Cooper et al,22 using a similar ergometer protocol. All exercise
values were interpreted locally and reported to the PHN Data
Coordinating Center.

Measurement of habitual physical activity levels
The Actigraph (Manufacturing Technology, Fort Walton Beach,
FL, USA) uni-axial accelerometer was used to objectively measure
habitual physical activity. Previous studies have demonstrated
that the Actigraph accelerometer is a reliable and valid measure
of physical activity in children and adolescents during laboratory
treadmill walking and running and free-living activities.23 24 For
this study, the unit was programmed to store data at 1 min
epochs. The accelerometer (the size of a small pager) was
attached to an elastic belt and worn at the mid-axillary line
during waking hours, except during bathing/showering or other
water activities (eg, swimming). At bedtime, the accelerometer
was removed. A log was kept by the patient to record the reasons
and times when the accelerometer was removed. The failure to
record activity occurring while the accelerometer is removed is an
inherent limitation of this methodology, but review of log records
has shown the impact to be minimal. Subjects were required to
have at least three (preferably four) complete days of data which
included one weekend day to be included in the analysis. The
majority of subjects achieved the 4 days of monitoring (93%).
Upon return of the accelerometer to the investigators, the activity
counts per consecutive time block stored in the unit were
downloaded to a computer for subsequent data reduction and
analysis. Activity counts per time block were converted to level of
physical activity intensity (metabolic equivalent tasks or METS)
during that time block as moderate physical activity (3–5.9
METS) (MPA) and vigorous physical activity (>6 METS) (VPA)
based on age-specific cut-points.25 Time blocks of activity were
then summed over the total daily time the unit was worn to give
the total number of minutes spent in both MPA and VPA.

Data analysis
Accelerometer data were grouped by subject age (7–9, 10–12,
13–15 and 16–18 years) and gender so that comparisons could
be made with recent data obtained using identical methodology
in normal, healthy youths.26 Individual values for MPA and
VPA combined (MVPA), and VPA alone were plotted relative to
the 50th percentiles reported by Pate et al.27 The percentage of
those subjects meeting the current physical activity guideline of
.60 min per day of MVPA28 was calculated. Since the
distribution of time spent in MVPA was skewed, a normalising
logarithmic transformation was performed, and the logMVPA
was used in all correlation analyses. Multiple general linear
regression analyses were used to relate logMVPA to patient and
medical history characteristics and questions from the Physical
Activity Questionnaire. Pearson correlation analyses were used
to relate logMVPA to CHQ Domain and Summary Scores, CHAT
scores and the results of cardiopulmonary testing. To determine
if exercise variables from exercise testing were more related to
CHQ and CHAT scores than logMVPA, separate Pearson
correlation analyses were performed to relate each of three
exercise variables to the scores. All analyses were performed
using SAS software, Version 9.1 (SAS Institute, Cary, NC, USA)
by the principal investigator (BWM).

RESULTS
Patient characteristics
A total of 147 patients (62% males) were recruited at a median
age of 11.6 years (range 7.0–18.4 years) and at a median interval
from Fontan procedure of 8.1 years (range 1.5–16 years).
Hypoplastic left heart syndrome was the underlying cardiac
diagnosis in 10%, and the median number of palliative surgical
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procedures before the Fontan procedure was three (range 0–9).
The median age at Fontan procedure was 2.9 years (range 1.1–
14.0 years). At assessment, the patients tended to have higher
body mass index (BMI) than the normal population, with a mean
Z score of +0.35¡1.22 (p = 0.004). No patient was receiving
supplemental oxygen, and 81% were either previously or
currently receiving an angiotensin-converting enzyme (ACE)
inhibitor. The characteristics of our study population are very
similar to that of the larger cohort from which the patients were
derived, as recently reported.29

Of the 147 patients, 99 completed the questionnaires,
exercise testing and activity monitoring. Other patients did
not complete certain parts of the measurements, or there were
technical problems with the activity monitoring. In total, 144
patients completed the questionnaires, 133 had exercise testing
and 108 had activity monitoring data available.

Physical Activity Questionnaire
In comparison with their friends, 33% of subjects felt they were
less active and 80% of subjects participated in gym class at school.
Self-reported symptoms during exercise included fatigue in 38%,
shortness of breath in 44% and pain in 21%. The mean self-
reported time spent being physically active was 7 h per week
(range 0.5–47). The mean self-reported time spent doing
sedentary pursuits (television watching, playing videogames,
recreational computer use) was 28 h per week (range 0–119).

Objectively-measured physical activity levels
Of 124 subjects who wore the accelerometers, 13 were initially
excluded due to non-compliance (,3 days) or accelerometer
malfunctioning and three outliers were excluded following
exploratory data analysis. The final sample for the measured
physical activity data included 108 patients (60 males, 48
females) and the results are shown in fig 1. The amount of time
that the accelerometer was worn generally increased across age
groups, which would be expected given the sleep–wake
patterns of adolescents. For the total sample, mean counts
per minute (p = 0.07), MPA (p = 0.18), VPA (p = 0.08) and
MVPA (p = 0.15) were not significantly different for males
compared with females. In general, there was a non-significant
trend for age-related decline in counts per minute (p = 0.08),
MPA (p = 0.10), VPA (p = 0.03) and MVPA (p = 0.07) except
for the higher values in the 16–18 year old boys. Most values in
the study subjects were less than the reference median for
MVPA (even more dramatic for VPA, not shown) (figs 1 and 2),
and the mean values for the study subjects actually fell below or

approximate the 5th percentile of the reference values. Several
cases of 0 min per day of VPA were recorded, and furthermore,
75% of male and female patients recorded (2 min per day and
(3 min per day of VPA, respectively. Approximately 38% of the
study subjects achieved the current physical activity recom-
mendations for children and adolescents.27

Exercise capacity
From cardiopulmonary exercise testing completed in 133
subjects, the mean per cent of predicted for maximum VO2

was 67%¡15% (n = 128; p,0.001 vs normal), mean per cent of
predicted for VO2 at VAT was 96%¡25% (n = 92; p = 0.14) and
mean per cent of predicted for maximum work load was
58%¡15% (n = 130; p,0.001).

Factors associated with objectively-measured physical
activity levels
Patient and medical history characterist ics
Increasing minutes of MVPA (after logarithmic transformation;
logMVPA) was significantly related to both younger patient age
and male gender, as described above. Of the other patient and
medical history variables, greater logMVPA was independently
related in multivariable general linear regression analysis to an
underlying cardiac diagnosis other than hypoplastic left heart
syndrome (p = 0.03), fewer procedures performed before the
Fontan procedure (p = 0.003) and lower family income
(p,0.001), after adjusting for gender (p = 0.003) and age
(p,0.001) (R2 = 0.39). After controlling for these variables, no
other patient or medical history factor was significantly and
independently associated with logMVPA, including care giver
level of education, other cardiac morphologies, pre-Fontan
procedures including palliative procedures, other surgeries and
catheter interventions, pre-Fontan pulmonary arterial pres-
sures, age at Fontan procedure, Fontan connection type, post-
Fontan procedures, history of ventricular dysfunction, arrhyth-
mia, thrombosis, stroke, protein-losing enteropathy, current
echocardiographic evidence of ventricular dysfunction or other
complications, prior or current use of ACE inhibition and BMI.

Self-reported physical activity levels and atti tudes
From analysis of the Physical Activity Questionnaire, greater
logMVPA was independently related in general linear regression
analysis to the presence of other family members who participated
in competitive sports (p = 0.05), absence of complaints of
dyspnoea with exercise (p = 0.03) and agreement that physical
activity can prevent overweight (p = 0.02) (model R2 = 0.14). In

Figure 1 Daily time spent in moderate and vigorous physical activity for
each Fontan patient by patient age for males. Reference lines are the age
group 50th percentiles for normal, healthy children.27

Figure 2 Daily time spent in moderate and vigorous physical activity for
each Fontan patient by patient age for females. Reference lines are the age
group 50th percentiles for normal, healthy children.27
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Pearson correlation analysis, increased objectively measured
logMVPA was not related to self-reported time spent being
physical active (r = –0.04; p = 0.68). Decreased logMVPA was
significantly related to increasing total time spent in sedentary
pursuits (r = –0.34; p,0.001), particularly television watching
(r = –0.29; p = 0.002) and computer use (r = –034; p,0.001), but
not time spent playing video games (r = –0.03; p = 0.77).

Functional status
In Pearson correlation analysis, logMVPA was not significantly
related to any domains or summary scores from the CHQ Parent
Report as shown in table 1, except for increasing physical
activity being associated with greater general health percep-
tions. Physical activity levels were not significantly related to
any of the domains of the disease-specific CHAT questionnaire.

Exercise capacity
In Pearson correlation analysis, increasing logMVPA was not
significantly related to per cent of predicted maximum VO2

(r = –0.10; p = 0.34) or VO2 at VAT (r = –0.11; p = 0.36), but
there was a trend with increasing maximum work rate
(r = 0.20; p = 0.052). There was no significant interaction
between age at assessment and the exercise variables, indicat-
ing no influence of age on the lack of association between
activity levels and exercise capacity.

Association between exercise capacity and functional
status
In general, exercise test variables were more strongly and
significantly related to functional status scores than objectively
measured physical activity levels, as shown in table 1.

For the CHQ Parent Report, greater exercise capacity was
related to higher scores for global health, physical functioning,
impact of physical limitations, freedom from bodily pain,
general health perceptions and physical functioning summary
score. Regarding the disease-specific functional status scores of
the CHAT questionnaire, greater exercise capacity was asso-
ciated with lower scores for general health perceptions, activity
limitations and symptom concerns.

DISCUSSION
A primary aim of this study was to describe and define the
habitual physical activity levels of Fontan patients using an
objective measurement device. The results show the well-
known age-related decline and gender differences in physical
activity levels of children and adolescents26 30; however, the 16–
18 year old boys in this study showed higher values than the
13–15 year old boys, while the physical activity levels were only
slightly higher in boys compared with girls. This probably
reflects the overall poor physical activity levels at all ages and in
both boys and girls who have had a Fontan procedure. Using
the MTI accelerometer, Fredriksen et al12 found that boys with
congenital heart disease had lower physical activity levels
compared with healthy boys, while there were no differences
between girls with congenital heart disease and healthy girls. In
this same study, there were no differences in physical activity
levels between younger and older children with congenital
heart disease. Leitch et al31 found that total and activity energy
expenditure assessed by doubly labelled water were not
significantly different for 5 year old children following surgical
repair of cyanotic congenital heart disease compared with age-
matched healthy control subjects. Australian adolescents with
congenital heart disease completed an assessment questionnaire

Table 1 Relationship between objectively-measured physical activity levels� and health status

Variable

Pearson correlation coefficient

Physical
activity
level

Per cent
predicted
MaxVO2

Per cent
predicted
VO2 at VAT

Per cent
predicted
MaxWork

R R r r

CHQ Parent Report
Global health 0.08 0.39* 0.45* 0.33*
Physical functioning limitations 0.04 0.21* 0.24* 0.29*
Impact of emotional or –0.04 –0.08 –0.11 0.02
behavioural problems - school or work
Impact of physical limitations - school or work 0.11 0.21* 0.24* 0.29*
Bodily pain 0.14 0.12 0.02 0.11
General behaviour problems –0.03 –0.19* –0.15 –0.09
Mental health 0.05 0.03 0.14 0.05
Self esteem 0.08 0.17 0.28* 0.07
General health perceptions 0.23* 0.25* 0.15 0.36*
Impact on parent of child’s health - parent worries/concerns –0.03 0.14 0.22* 0.17
Impact on parent of child’s health - time restrictions –0.05 0.02 0.05 0.15
Family activities 0.13 –0.07 –0.03 0.03
Family cohesion 0.14 0.11 0.26* 0.02
Overall physical functioning summary score 0.14 0.29* 0.26* 0.38*
Overall psychosocial functioning summary score –0.04 –0.05 0.05 0.01

CHAT Questionnaire
General health 0.04 –0.19 –0.34* –0.11
Social life –0.01 0.03 –0.19 –0.08
Seriousness of condition –0.01 0.01 0.01 –0.03
Activity limitations –0.22 –0.32* –0.34* –0.32*
Emotional concerns 0.02 –0.04 0.01 –0.18
Friendship concerns –0.21 –0.17 –0.12 –0.25*
Career concerns –0.04 –0.12 –0.16 –0.22*
Symptom concerns –0.02 –0.25* –0.22 –0.21*

*p,0.05.
�Reported as number of minutes per day spent in moderate or vigorous physical activity, after logarithmic transformation.
CHAT, Congenital Heart Adolescent and Teenage Questionnaire; CHQ, Child Health Questionnaire; MaxVO2, maximum oxygen consumption at peak exercise;
MaxWork, maximum work rate; VO2 at VAT, oxygen consumption at anaerobic threshold.
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and were reported to be equally active in comparison to
normal, healthy peers, but they differed qualitatively by
participation in less VPA.11 However, there was a low response
rate in that study (38%), and those with more severe congenital
heart disease were found to be more likely to be non-
respondents.

Compared with the percentiles derived from normal, healthy
children and adolescents participating in the Amherst Health
and Activity Study26 (figs 1 and 2), the mean objectively
measured physical activity levels of our Fontan patients are well
below the 50th percentile, and actually fall below or approx-
imate the 5th percentile for most patients. In addition, the
mean physical activity values are lower than those reported for
9 and 15 year old European children.32 The percentage of our
Fontan patients meeting a recommendation of 60 min per day
of MVPA is quite low compared with other studies of normal,
healthy children and adolescents assessed using accelerome-
try.26 32 The variability in the data does indicate that a few
Fontan patients achieve adequate and even high levels of
physical activity. However, although we screened the data for
outliers, the amount of monitor tampering (ie, shaking) or the
degree of non-compliance are unknown. Overall, it can be
concluded that the physical activity level of Fontan patients is
substantially lower than normal healthy youths. This study
shows the utility of using the MTI accelerometer in monitoring
the habitual physical activity levels of Fontan patients, and may
assist in establishing proper recommendations for physical
activity for these patients.

The reasons for the lower physical activity of Fontan patients
have not been fully explored, but possible explanations may
include lower cardiorespiratory functional capacity, parental
rearing style and imposed limitations, and/or psychosocial
factors (eg, perceived competence or self-efficacy). In a study of
100 adolescents (55 boys and 45 girls) aged 12–18 years with
varying severity of congenital heart disease, it was found that
the subjects’ self-efficacy influenced their degree of participa-
tion in physical activity and sports, and the recommendations
of the cardiologist also played an important role in determining
the attitudes of the mother and the self-efficacy of the patient.13

However, self-efficacy among an Australian sample was not
significantly different from a normal, healthy reference group
and these patients also received family support.11 We did not
assess self-efficacy as part of our study. However, the number
of procedures prior to the Fontan procedure, the presence of
underlying hypoplastic left heart syndrome and dyspnoea
during exercise were related to reduced MVPA. Given the
general relationships between more severe cardiac abnormal-
ities and exercise capacity, it is perplexing that exercise capacity
was not related to MVPA in our study. However, there was a
trend for MVPA to be related to maximum work rate, which
perhaps is a better indicator of ability to perform MVPA.
Additional study is required to clarify these relationships.

The results showing that exercise capacity is more strongly
related to functional status than MVPA does not support and
contradicts or opposes our hypothesis. Several indicators of
functional status (global health, physical functioning, impact of
physical limitations, freedom from bodily pain, general health
perceptions and physical functioning summary score) were
significantly related to exercise capacity variables, whereas only
general health perception was significantly associated with
MVPA. Taken together, these results suggest that even though
Fontan patients generally have a low level of physical activity,
those with higher levels of exercise capacity show better
functional status.

We have observed that while self-reported time spent being
physically active was not significantly correlated with objec-
tively measured physical activity levels, there were significant

associations with some of the attitude questions and with self-
reported time spent in sedentary pursuits. There has been little
research in congenital heart disease regarding attitudes towards
physical activity. Studies of overweight children have shown
that they have similar attitudes towards physical activity as do
normal weight children.33 Television viewing has received
particular focus regarding the development of childhood
obesity.34–37 To date, the only proven intervention that has been
successful at preventing childhood obesity has been one aimed
at reducing television viewing.38 There have been no previous
studies of time spent in sedentary pursuits among children with
congenital heart disease. A recent study in congenital heart
disease patients has shown that activity restrictions were
significantly associated with the subsequent development of
greater adiposity.39 Our study population of Fontan patients has
significantly greater Z score of BMI compared with normal
values, although this was not associated with objectively
measured physical activity levels. Obesity in Fontan patients
must be prevented, given the potential to increase pulmonary
vascular resistance as well as a host of other important
morbidities. Increasing self-efficacy for physical activity
together with rehabilitation programs may both prevent obesity
and improve functional status.40

A few studies have examined physical activity and exercise
training for rehabilitation in Fontan patients. Minamisawa and
colleagues studied 16 patients with an exercise program lasting
2–3 months, and noted significant improvements in exercise
capacity.17 Opocher and colleagues studied 10 younger Fontan
patients with an 8 month activity program, and noted
significant improvements in maximum VO2 and maximum
oxygen pulse.16 Brassard and colleagues studied five adolescent
Fontan patients with an 8 week exercise program, and showed
significant improvements in skeletal muscle function.15 Rhodes
and colleagues studied 19 patients with serious congenital heart
disease, including 11 Fontan patients, with a 12 week exercise
training program, and noted improvements in maximum VO2,
peak work rate, VAT and maximum oxygen pulse.18 A follow-up
study of these patients showed sustained benefits.41 While the
results are promising, all of these studies have small patient
numbers and lack a control group. No study to date has
examined an intervention aimed at increasing self-efficacy for
physical activity, or assessed whether exercise training
improves habitual physical activity levels.

The results of this study must be viewed in the light of
potential limitations. Since there was no formal comparison of
patient characteristics between patients enrolled and not-
enrolled in the main study, and enrolled and not-enrolled in
the current study, we cannot exclude the presence of an
important selection bias. However, the characteristics of those
patients enrolled in the current study are similar to those
reported for the main study.29 The normal values for exercise
capacity, although derived in the 1980s, remain the only normal
data for exercise testing.22 These values were not derived from a
highly selected fitter group of study subjects. Since the purpose
of this study is not to define exercise capacity but the
association of physical activity levels with exercise capacity
and functional status, the per cent predicted variables used are
valid for these associations. Physician and parent-imposed
activity restrictions may have influenced patient self-efficacy
for physical activity and, therefore, influenced measured
physical activity levels in our study. Activity recommendations
are not reliably recorded in the medical notes and, thus, this
information was not available for study.

In conclusion, measured physical activity levels are reduced
in children and adolescents after Fontan, are independent of
exercise capacity and are associated with lower perceived
general health but not other aspects of functional status.
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Rehabilitation interventions aimed at increasing exercise
capacity and promoting self-efficacy for physical activity may
improve functional status and activity levels. These types of
interventions should be developed and investigated.
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What is already known about this topic

N Children and adolescents after the Fontan procedure
have diminished exercise capacity and functional status.

What this study adds

N Objectively measured physical activity levels are low in
children after the Fontan procedure.

N Functional status is associated with exercise capacity;
physical activity levels do not reflect functional status.
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