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Abstract

Background: Obesity is associated with increased life-long morbidity and reduced lifespan, and
is increasingly prevalent in the congenital heart disease population. Habitual exercise is an
important aspect of a healthy lifestyle and primary prevention of obesity in the general population.
The association between habitual activity and body mass index has not been studied in children
with congenital heart disease.

Methods: A cross-sectional analysis of two previously collected cohorts was performed,
including subjects 8-18 years old with tetralogy of Fallot, transposition of the great arteries, and
single ventricle heart disease after a Fontan operation. The association between body mass index
and duration of habitual exercise (measured by questionnaire) was studied. Secondary analyses
assessing the effect of other possible factors for body mass index were performed.

Results: In total, 172 subjects were studied (45% tetralogy of Fallot, 12% transposition of the
great arteries, and 43% Fontan). Median body mass index was 18.2, and 29% of the subjects were
obese or overweight. Median habitual exercise was 5.9 hours/week. 38% of subjects reported
having their activity restricted by their cardiologist. Increasing exercise duration was associated
with lower body mass index (0=0.01) in univariate analysis. In secondary analyses, restriction to
mild exertion and participation in low-intensity exercise were both associated with increased BMI.

Conclusion: Increased habitual activity was associated with lower body mass index,
emphasizing the potential role of recreational sport in the health of children with congenital heart
disease.
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BACKGROUND:

Obesity, defined as excessive body weight and adiposity for age, sex, and height, is a
condition with alarming prevalence. Childhood obesity is associated with increased
morbidity extending into adulthood and reduced lifespanl-2. Based on data from the National
Health and Nutrition Examination Survey, 31% of children are overweight or obese?.
Previous studies have found a similar prevalence amongst children with congenital heart
disease(CHD)*-%. To our knowledge, there are no data about the associations between
obesity, quality of life, and lifespan in the CHD population. However, the residual effects of
cardiac surgery performed in infancy and childhood may magnify the health risks of obesity.

Though significant research has been invested in behavioral, pharmacologic, and surgical
therapies for obese patients, primary prevention of obesity through lifestyle modification
may be preferable. In otherwise healthy children, habitual activity has consistently been
associated with lower body mass index (BMI) and lower degree of adiposity’~11. To our
knowledge no studies have studied the association between habitual exercise and BMI in
children with CHD. This population is at particular risk for a sedentary lifestyle, as many
children with CHD are subject to exercise restriction or limits to participation.

To address these questions, we pooled data from two previous cross-sectional studies of
habitual exercise in children with CHD, with the aim to study the association between
habitual exercise and BMI in this population. We hypothesized that increased habitual
activity would be associated with a lower BMI.

METHODS:

Study Population/Study Procedures:

Data for subjects in two previously collected cohorts were pooled for this analysis. These
studies and subsequent analysis were approved by the Institutional Review Board of The
Children’s Hospital of Philadelphia. Informed consent was obtained prior to participation in
each of the two prior studies. In the first study, children with conotruncal anomalies
(tetralogy of Fallot (TOF), interrupted aortic arch, and truncus arteriosus) of ages 8—18 years
were recruited between 1/2005 and 5/2009 for a cross-sectional study assessing the
relationship between genotype and outcome!?-14, Subjects underwent contemporaneous
clinical assessment, review of medical history and testing as described previously?®. The
exercise questionnaire has been validated!® and its application to children and adolescents
has been described previously®17. The second study included children and adolescents age
8-17.5 years with 1) transposition of the great arteries following an arterial switch operation
(TGA) and 2) single ventricle heart disease who had undergone operative palliation
culminating in a Fontan completion who were recruited prospectively between 3/1/2012-
12/31/2013 at the time of a clinically indicated cardiopulmoanry exercise test'8. This study
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included concomitant administration of the exercise questionnairel’, along with review of
medical records and contemporaneous imaging data. Subjects with normal cardiac anatomy
were recruited for the latter study but were not included in the current analysis..

Data from the previous two studies were combined directly to generate a single analytic
cohort of subjects between 8-18 years. Inclusion was restricted to subjects with TOF, TGA,
and Fontan subjects. Truncus arteriosus and interrupted aortic arch subjects were excluded
because their individual numbers were prohibitively small. Normal cardiac anatomy subjects
were excluded because the current study focused on the association of BMI and exercise in
subjects with CHD. In addition, these three diagnoses were chosen for this study because
they represent three strata of repaired/palliated heart disease with different expected clinical
courses after their operations, while still being relatively homogenous within their sub-strata.
Though the results of this analysis are less applicable to patients with relatively mild CHD
(e.g. isolated ventricular or atrial septal defects) or those with severe dysfunction or multiple
comorbidities, the chosen diagnoses provide a representative sample of patients with
moderate to severe complexity and who are of interest to clinicians. The questionnaire used
to measure habitual exercise habits has been described previouslyl’. It measures duration
(hours/week) of habitual exercise over the past 3 months, as well as the specific activities
performed, the degree of exercise restriction, and separates the cohort into one of 4 exercise
classes based on the aerobic intensity (calories or metabolic equivalents per hour) of those
activities. As described previously, this methodology 1) focuses on the aerobic component of
exercise at the expense of anabolic building components, 2) sacrifices detail about the
intensity of activity, and 3) simplifies activities that involve combinations of different
physical tasks into a single metric. This sacrifices precision and detail in exchange for a
comparable statistic that, in previous studies!’, provided a measure of habitual exercise.

Statistical analysis:

Descriptive statistics were calculated. Continuous variables are expressed as mean *
standard deviation or median (range: and interquartile range) as appropriate. For categorical
variables percentages and counts are presented. Differences in the distribution of these
baseline characteristics between the three different cardiac diagnoses were assessed using
analysis of variance, Kruskal-Wallis, or Chi-square tests as appropriate.

The primary exposure was habitual exercise (measured as hours/week) over the 3 months
prior the CPET, which were calculated as previously described. The primary outcome of
interest was BMI. For categorization of subjects, BMI was also expressed as a percentile for
age and sex (BM1%) based on normal values published by the United States Centers for
Disease Control, and converted to categorical variable using the following standard strata:
underweight (<5%), normal weight (5-85%), overweight (85-95%), obese (>95%). BMI
percentile generates a statistic that accounts for differences in BMI by age and sex over
childhood. The decision to use BMI instead of BMI percentile was based on both statistical
and epidemiological concerns. Our proposed analytic framework was to use linear
regression, which presumes a Gaussian distribution of the outcome. For this study
population, the distribution of BMI was closer to a Gaussian distribution than that of BMI
percentile (data not shown). Moreover, the transformation makes comparisons between
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extreme (high or low) and normal BMI more straightforward but has the potential to obscure
differences in BMI along the normal continuum. This also makes BMI preferable as the
primary outcome, since the goal of this study was to measure association of exercise
duration to body composition (rather than with abnormal BMI such as obesity or
underweight status). Population average BMI increases at puberty in boys and girls. For this
to bias our analyses, age would also have to be associated with changes in activity level. To
assess this, we performed an exploratory secondary analysis adjusting for age and sex in a
multivariable model.

As an exploratory analysis, bivariable screening was used to assess whether other subject-
level factors were associated with BMI. Factors included were sex, race, diagnosis, exercise
class, and level of activity restriction. Exercise class and duration were strongly correlated
with each other (Supplementary Table 1), so they were not included in the same model for
fear of obscuring their effect. A multivariable model was constructed based on the bivariable
screen. To avoid bias, a conservative threshold for inclusion was used (p-value<0.2 in the
bivariable screen)®. No additional model refinement was performed?®. A second model
with exercise class as the primary exposure was calculated.

Three post-hoc analyses were performed. First, underweight subjects are more likely to have
more severe disease, and their BMI may be more strongly linked to cachexia from heart
failure or other chronic medical conditions. To address this, a sensitivity analysis restricted
to patients with BMI percentile >5% for age and sex was performed. Second, we studied
whether the extent of restriction from cardiologists was associated with the duration of
habitual exercise and exercise class participation. Finally, post-hoc evaluations of the
correlations between levels of restriction and duration (hours per week) and intensity of
exercise (exercise class) were performed using the Kruskal-Wallis test.

This was a retrospective secondary analysis combining existing data from previously
collected cohorts, and thus the size of the study population was fixed. However, before
analysis a power calculation was applied for the primary outcome, over a range of potential
Pearson’s correlation coefficients (r) with beta (0.2) and alpha (0.05) fixed. A study sample
of 21 subjects were required for a minimally detectable difference of r=0.5. Similarly, the
required sample size for r=0.3 was 64, and r=0.2 was 150.

The threshold for statistical significance was p<0.05. The primary analysis was identified
before analyses. No compensation for multiple comparisons was made, and other analyses
should be considered exploratory. There was minimal missing data, so case restriction was
applied when necessary. All analyses were performed using Stata MP v13 (College Station
TX, USA).

RESULTS:

Study population:

In total, 253 subjects were studied of which 78 (45%) had TOF, 20 (12%) TGA, and 74
(43%) a Fontan. The cohort had a mean age of 13.1+2.9, was 83% white, and 42% female.
Baseline characteristics of the cohort are summarized in Table 1. The median BMI was 18.2
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(IQR: 16.1-21.4). In terms of CDC defined categories for body composition based on BMI
percentile for age and sex, 11% of the subjects were obese, 15% overweight, 59% normal
weight, 7% underweight, and 8% severely underweight (Figure 1). The median habitual
exercise for the cohort was 5.8 hours/week (IQR: 3-10.3) (Figure 2).

There were no significant differences in the distribution of demographic characteristics by
cardiac diagnoses. Duration of weekly habitual exercise was greatest in TGA subjects,
intermediate in Fontan subjects, and smallest in subjects with TOF (Figure 3, p=0.005).
Restriction imposed by cardiologist also differed by diagnosis (p<0.001), with a higher
percentage of Fontan subjects restricted to moderately (55%) and mildly (19%) strenuous
activities.

of habitual exercise and BMI:

In the primary analysis, increased habitual exercise duration (hours per week) was associated
with a lower BMI (Figure 3 beta=—0.13 95% CI: —0.24 to —0.03, p=0.01, r?=0.03). Other
covariates were individually included in separate models. In these models, increasing age,
parental BMI, participation in only low intensity (class 1) exercise, and restriction to mild
exercise were associated with increased BMI (Table 2).

In addition to these factors, male sex met criteria for inclusion in a subsequent multivariable
model (Table 2), in which there remained a significant association between age and BMI.
Confidence intervals for all factors were less precise, but the direction of associations
remained the same. The associations between BMI and other factors are not statistically
significant in the multivariable model.

In a secondary analysis with exercise class as the primary exposure, there was no significant
association between exercise class and BMI (Supplementary Table 2 and 3). In addition, no
changes in the associations for covariates were seen from the previous model.

A sensitivity analysis excluding underweight subjects was performed. The observed
association between exercise duration and BMI was preserved (beta= —0.14 95% CI: -0.24
to —0.03, p=0.01, r2 =0.04). Multivariable analysis was also performed with similar results
(data not shown).

Exercise restriction and habitual activity duration and intensity:

The association between the degree of cardiologist imposed exercise restriction (reported by
families) and exercise duration and intensity were assessed. The association between level of
restriction and exercise duration was not significant (p=0.31, Table 3). The association
between level of restriction and intensity of activity (as assessed with exercise class) was
significant (p=0.02, Table 4), with 61% of subjects with no restrictions participating in high
intensity activities, compared with 48% of subjects restricted to mildly strenuous activity
participating in high intensity activities. In contrast, 10% of subjects with no exercise
restriction participated in activities in the lowest two exercise classes compared to 26% of
those restricted to mildly strenuous activity. Though exercise class and duration of habitual
exercise measure different aspects of exercise there is an association between higher
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maximal exercise class and increasing habitual exercise duration (p=0.001, Supplementary
Table 1).

DISCUSSION:

In this cross-sectional study, there was a significant association between increasing duration
of habitual exercise and lower BMI in children and adolescents with TGA, TOF, and Fontan
palliation. Though less robust, participation limited to less intense activity (whether by
report or by report of restriction) was also associated with increased BMI. Despite inherent
limitations of this type of study, the observed findings reaffirms the association between an
active lifestyle and reduced risk of obesity. This is especially true, as this study also
demonstrated that the prevalence of obesity and overweight were similar to population
averages and that the majority of the studied subjects were sedentary. Despite inherent
limitations of a cross-sectional study of this type, these results suggest that effort in
encouraging habitual exercise may have benefit in young people who have undergone
congenital heart surgery.

Obesity and increased adiposity are prevalent in children and adolescents. Both are
associated with increased lifelong morbidity and reduced life expectancy. Several
observational studies have found that the prevalence of obesity in children with CHD
matches that in the general pediatric population®. The risk of chronic obesity in children
with CHD may be magnified by the fact that corrective and palliative surgery may result in
chronic myocardial dysfunction and/or residual anatomic lesions, which may aggravate
insidious damage from obesity. In addition, several palliative operations (e.g. the arterial
switch operation and the Ross operation) require instrumentation and manipulation of the
coronary arteries, which may pose increased risk of atherosclerotic disease. There is also
recent evidence that obese school-age children and adolescents are at increased risk of
adverse outcome following cardiac surgery20.

An active lifestyle is not only an important strategy in both primary prevention and treatment
of obesity20, but may also have other benefits. Both habitual recreational activityl® and
regimented exercise programs?! have been associated with improved performance on
exercise testing (specifically maximal oxygen consumption) in children with CHD. Though
the association between exercise testing performance and health related quality of life22 and
functional status?® have been inconsistent in prior studies, one might still hope that habitual
exercise might plausibly improve both.

Despite the apparent benefits of habitual activity, previous studies have demonstrated that
patients with CHD are more sedentary than cardiac normal peers?4. These results are echoed
in the current study. Fully two-thirds of subjects fail to meet World Health Organization
recommendations of at least one hour of active play a day. It is important to note that
inactivity in this population is not always attributable to disability. When measured carefully,
the degree of activity or sedentary behavior was found to be independent of exercise
capacity?4, suggesting that the amount of habitual activity is a potentially modifiable factor
for children with CHD.
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The effect of physician-mandated exercise restriction on habitual activity is potentially
important. The Bethesda Guidelines represent a concerted effort to minimize risk of
worsening anatomic heart disease or sudden cardiac events by identifying high risk
subgroups of the CHD population. . However, as noted in a recent American Heart
Association Statement, the risk of high intensity training and competition as part of
scholastic sports in adolescents and young adults may be different from those incurred
during recreational play2°. Given this uncertainty it is important to also consider the
potential deleterious effects of exercise restriction on health. There are potentially mixed
messages in activity restriction. Though a previous study demonstrated that exercise
restricted subjects were at higher risk of obesity?®, to our knowledge, no previous study has
evaluated restriction, habitual activity and BMI.

In the current study, between 31% and 74% of subjects in the current study reported that
their cardiologist restricted their exercise participation, depending on their diagnosis. Degree
of exercise restriction did not have a significant association with duration of activity but was
associated with lower levels of intensity in the activity performed. The effect of exercise
restriction on patient behavior is complicated, and potentially deserves greater attention to
maximize the health of vulnerable patients in this population. Because sudden cardiac death
is thankfully rare, the evidence upon which to base recommendations for exercise restriction
is limited. It is important to balance these risks against the potential benefit of exercise and
play as part of a healthy, active lifestyle. It should be noted that, in this study, we asked
families to report the level of restriction they felt was imposed by their cardiologist. It was
beyond the scope of this study to determine the level of restriction intended by the
cardiologist, and what the reasoning behind their recommendation. Research studying the
interplay between cardiologist recommendations and family interpretations of these
recommendations would be valuable, as would research on the impact of exercise restriction
on health-related quality of life and other patient reported outcomes.

CHD patients who are underweight represent a distinct subpopulation that require further
attention. In a multicenter cohort of children, adolescents, and young adults undergoing
operation, underweight subjects have a higher prevalence of medical co-morbidities and
undergo more complicated and lengthy operations, implying that they have a higher burden
of cardiac co-morbidities?®. Therefore, low body weight may be an indication of
symptomatic cardiac dysfunction or the burden of other systemic medical conditions, both of
which would also reduce their ability to participate in habitual exercise. This type of
confounding would bias our sample away from the observed association between activity
and BMI. To address this question, a sensitivity analysis excluding underweight patients was
performed. In this model no change was seen from the previously reported results. This
confirms that if present, confounding from inclusion of these underweight patients had
minimal effects on the reported results.

There are limitations to this study. Habitual exercise was measured by focusing on the
duration of activity, which does not measure the isometric component of individual exercise
at the level of exposure (duration of exercise does not measure the muscular load placed by
different forms of exercise). This is especially important as there is evidence that lean body
mass and muscularity specifically may have clinical benefits in excess of traditional
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measures of aerobic fitness?1:27:28, Unfortunately, measuring the isometric component of
exercise was impossible in this study. The absence of a significant association between
exercise class and BMI does not imply that the intensity of exercise is less important than
duration. We could not measure the relative intensity of individual participants (i.e. how
strenuously they exercised). Second, exercise class was not evenly distributed in our study
sample and is a categorical variable, both of which reduce the statistical power to detect an
association with BMI. Improved measurement of the aerobic intensity of recreational
activities is an important area for future research. Another limitation is that BMI is an
imperfect measure of adiposity. There are other more sensitive measures of obesity (such as
abdominal girth or percent body fat), but these are not available in a retrospective study.
BMI remains a straightforward statistic that is able to be calculated from readily available
data. As noted in the section describing our study methods, the normal BMI of children and
adolescents increases with age in both sexes during puberty. The persistent association
between older age and increased BMI supports that this normal trend is seen in our study
population and that adjustment for age and sex was successful.

The current study is a cross-sectional analyses and it must be emphasized that the observed
associations do not imply causation. Observational or interventional trials with longitudinal
follow-up are necessary to establish causality. Finally, this is a retrospective study with a
fixed population size. Pre-analysis power calculations were made for a single comparison.
Though the number of covariates included in the multivariable model follow conventions for
linear regression, it is possible that the lack of a significant association in this model is due
to insufficient statistical power.

The current study supports the notion that increased activity is associated with decreased
BMI in children with palliated CHD. Longitudinal studies of the effects of increased
exercise on BMI, exercise performance, and clinical outcomes are necessary to determine
whether there is an optimal amount of exercise in survivors of surgery for CHD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Distribution of body massindex in the study population
Distribution of the subjects’ body composition sorted by diagnosis. Body composition is

defined by BMI percentile for age and weight and divided by United States Centers for
Disease Control categories: severely underweight (<5%), underweight (5-15%), normal
weight (5-85%), overweight (85-95%), and obese (>95%).
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Figure 2: Habitual exercisein the study population
Box and whiskers plot of study subject’s habitual exercise (expressed as hours/week)

divided by diagnosis. The box plot demonstrates median, interquartile ranges, and outliers.
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Figure 3: Distribution of BMI by hours of habitual exercise
Scatterplot of subject habitual exercise (expressed in hours/week) and their BMI. Subject

cardiac diagnoses are identified: tetralogy of Fallot (blue circles), TGA (green triangles), and
Fontan subjects (purple squares). The line of best fit is also plotted for the entire population
(orange line, beta=—0.13 95% CI: —0.24 to —0.03, p=0.01, r?=0.03).
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Characteristics of the study population

Table 1:

Tetralogy of Fallot (n=78) TGA Fontan p
(n=20) (n=74)
Age (years) 12.623.4 12.5+2.6 12.5+2.8 0.97
Male sex % (n) 64% (50) 60% (12) 54% (40) 0.45
Race % (n)
White 88% (69) 85% (17) 76% (56) 0.32
Black or African-American 5% (4) 5% (1) 12% (9)
Other or chose not to answer 6% (5) 10% (2) 12% (9)
Height (cm) 148+18 151+17 149+16 0.78
Weight (kg) 45.0+16.5 43.0+15.1 43.1+14.7 0.73
Body mass index 18.9 (IQR:16.3-22.5) 17.2 (IQR: 15.9-19.4) | 18.2 (IQR: 16.1-20.2) | 0.31
Body composition
Obese (BMI>95%) 12% (9) 5% (1) 11% (8) 0.91
Overweight (BMI 85-95%) 17% (13) 20% (4) 14% (10)
Normal weight (BMI 15-85%) 55% (43) 65% (13) 58% (43)
Underweight (BMI 5-15%) 9% (7) 0% (0) 8% (6)
Severely underweight (BMI <5%) 8% (6) 10% (2) 9% (7)
Habitual exercise (hours/week) 4.3 (IQR: 1.9-10.3) 8 (IQR: 6.1-11.8) 6.7 (4.4-10.4) 0.005
Maximal exercise class % (n)*
1 5% (4) 0% (0) 0% (0) 0.09
I 17% (13) 10% (2) 7% (5)
m 29% (23) 20% (4) 28% (21)
v 49% (38) 70% (14) 65% (48)
Restriction (by cardiologist) % (n)
Unrestricted 62% (48) 550 (11) 26% (19) <0.001
Moderately strenuous activity 26% (20) 35% (7) 55% (41)
Mildly strenuous activity 10% (8) 5% (1) 19% (14)
No activity 1% (1) 5% (1) 0% (0)
Missing/chose not to answer 1% (1) 0% (0) 0% (0)

Abbreviations: BMI body mass index, IQR interquartile range, TGA transposition of the great arteries
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Univariate and multivariate analyses of subject factors associated with BMI

Table 2:

Univariate Multivariate
Beta (95% CI) p Beta (95% Cl) p

Exercise duration (per hour/week) | —0.13 (-0.24 to -0.03) 0.01 -0.06 (-0.15 to 0.04) 0.23
Age (per year) 0.61 (0.45t0 0.79) <0.001 0.5 (0.3-0.7) <0.001
Sex

Female 1 nfa 1 nfa

Male -1.03 (-2.2t00.2) 0.09 -1.1(-2.2t00.02) 0.05
Diagnosis

Tetralogy of Fallot 1 n/a 1 n/a

TGA -15(-3.5t00.5) 0.14 -1.1(-2.9t00.6) 0.21

Fontan -1.0 (-2.3100.3) 0.13 -0.9(-2.1t00.3) 0.15
Race

White 1 nla

Black -0.4 (-2.6t0 1.8) 0.74

Other -0.2(-2.6t0 1.9) 0.87
Level of restriction

Unrestricted 1 nla 1 n/a

Moderate -0.5(-1.8t00.7) 0.42 -0.3(-1.5t00.9) 0.61

Mild 2.0 (0.3103.8) 0.02 1.5(-0.2t03.2) 0.08

No activity 1.8(-3.8t07.5) 0.52 0.9 (-4.1t05.9) 0.73
Exercise class

I (minimally strenuous) 3.7 (0.6 t0 6.8) 0.02

I 1.7 (-0.1t0 3.5) 0.07

I 0.1 (-1.2t0 1.5) 0.85

IV (very strenuous) 1 n/a

The associated changes represented by beta for each covariate are measured in kgm_z.
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Association of restriction imposed by the cardiologist and duration of habitual exercise

Table 3:

Habitual exercise (hours per week)

Norestriction (n=87)

6.1 (IQR: 2.6 to0 10.3)

0.31

Restricted to moder ately strenuous activity (n=70)

6.2 (IQR: 4.0 t0 10.4)

Restricted to mildly strenuous activity (n=27)

4.9 (IQR: 2510 9.1)

Restricted to no activity (n=2)

Range 0-7
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Association of restriction imposed by the cardiologist and intensity of habitual exercise

Table 4:

Exercise Class

1 2 3 4 P
No restriction (n=87) 2% (2) 8% 7) 29% (25) | 61% (53) | 0.02
Restricted to moder ately strenuous activity (n=70) | 1% (1) | 16% (11) | 29% (20) | 54% (38)
Restricted to mildly strenuous activity (n=27) 7% (2) 19% (5) 26% (7) | 48% (13)
Restricted to no activity (n=2) 50% (1) 0% (0) 0% (0) 50% (1)
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