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Abstract Childhood obesity has reached epidemic propor-
tions in many parts of the world. This epidemic has also
affected children and adults with congenital heart disease
(CHD). Over one quarter of children with CHD are over-
weight or obese. Important comorbidities are associated
with obesity including type 2 diabetes, systemic hyperten-
sion, hyperlipidemia, and obstructive sleep apnea. Obese
children with CHD often have the traditional risk factors
such as genetic predisposition, sedentary lifestyle, and poor
dietary habits. However, they may also have unique risk
factors such as higher caloric needs in early infancy and
exercise restriction in childhood. Similar to children with
normal hearts, those with CHD have higher left ventricular
mass and abnormal vascular function and are more likely to
have systemic hypertension. In the long term, these comor-
bidities may have a more profound effect on children who
have underlying functional and/or anatomical abnormalities
of the heart. As more children with CHD are now surviving
into adulthood, investigating therapeutic interventions to
treat and prevent obesity in this population is of utmost
importance. Recommendations for safe physical activity,
recreation sport, and exercise training for children with
CHD have recently been published. These guidelines may
help health care providers to change their practice of exer-
cise restriction.
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Introduction

In the twenty-first century, the majority of children diag-
nosed with congenital heart disease (CHD) will survive into
adulthood [6, 15]. In fact, the population of adults with
CHD has reached approximately one million [42]. At the
same time that the CHD population has aged, childhood and
adult obesity rates have skyrocketed in most developed
regions of the world. The adult obesity rate in the USA
and Canada is as high as 30 % (if overweight is included,
65 % of the population is affected). Though the obesity rate
is lower in most European countries, some including the
UK, Hungary, and the Czech Republic have rates over 20 %.
The International Obesity Task Force estimates that 1.1
billion adults in the world are overweight [16]. The epidem-
ic of obesity has also affected the pediatric population.
Approximately 17 % of children aged 2–19 years in the
USA are obese with an additional 15 % that are overweight
[17]. Children with CHD may be at increased risk for
obesity compared to their healthy peers; they are often
restricted from physical activity because of a perceived risk
of sudden death.

Childhood obesity

Childhood obesity has become a major public health prob-
lem and is the topic of much media coverage [17, 38]. Over
the course of the last century, children have participated in
less physical labor in and outside the home and have spent
more time performing sedentary activities. At the same time,
access to inexpensive, high-caloric, low-nutrition foods has
increased at an alarming rate. Importantly, childhood obesity
is not an isolated problem. Many important comorbidities
are associated with obesity, including type 2 diabetes,
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systemic hypertension, obstructive sleep apnea, and hyper-
lipidemia; social isolation, clinical depression, and behav-
ioral problems are common as well [4, 7]. Obesity and
insulin resistance have been shown to be associated with
at least a threefold increased risk for elevated levels of
prothrombotic factors which may be precursors to athero-
sclerotic disease [14]. Moreover, 70 % of obese children
become obese adults [12].

There is a strong correlation between cardiovascular risk
factors such as obesity and the development of atheroscle-
rotic disease even as early as childhood. An autopsy study
on children and young adults who died from non-
cardiovascular events reported that fibrous plaques or fatty
streaks were common in the aorta and coronary arteries,
particularly in those with more than one cardiovascular risk
factor [5]. A large longitudinal cohort study of Danish adults
(where childhood body mass index (BMI) was known)
reported that childhood obesity was significantly associated
with coronary artery events in adulthood [2].

Surrogate markers of cardiovascular disease such as left
ventricular mass, carotid intima–medial thickness, and pe-
ripheral vascular function have been utilized as tools to
evaluate high-risk populations such as patients with obesity
[21]. The Framingham study identified that increased left
ventricular mass was significantly associated with cardio-
vascular events and death in adults [23]. In the Strong Heart
Study, anthropometric and echocardiographic data collected
on 460 adolescents aged 14–20 years demonstrated that
obese subjects were more likely to have inappropriate left
ventricular mass and reduced left ventricular myocardial
performance compared to normal-weight participants [7].
In adults, carotid intima–media thickness and peripheral
endothelial dysfunction have also been associated with
coronary artery disease and coronary events [1, 28]. In
the pediatric population, abnormal brachial flow-
mediated vasodilation (a measure of endothelial func-
tion) and increased carotid intima–media thickness (a
precursor to atherosclerosis) have been reported in obese
children [43]. Importantly, there is evidence that some
of these findings are reversible with long-term exercise
and diet regimens [44].

Prevalence of obesity in children with CHD

It has only recently emerged that the epidemic of obesity has
impacted the pediatric and adult CHD populations.
Recently, a working group of the National Heart, Lung,
and Blood Institute met to delineate the scope of the prob-
lem [32]. The first study to recognize that obesity is preva-
lent in children with CHD and acquired heart disease was a
cross-sectional study performed in a population of children
aged 6–19 years from Philadelphia and Boston [34]. In this

study, patients were classified as obese (BMI ≥95 %) or
overweight (BMI ≥85–95 %) according to the CDC guide-
lines [17]. Blood pressure measurements from the clinic
visit were also recorded and converted to percentiles.
Almost 3,000 subjects were included in the study; the mean
age was 12.3±3.7 years. The results are shown in Fig. 1.
The population was divided into study groups to distinguish
severity of heart disease including those who had a cardiol-
ogy outpatient visit but had no heart disease (controls, n0
1,398), those with “mild” heart disease that did not require
surgical intervention (n0401), those with an arrhythmia but
no structural heart disease (n0447), those who underwent a
biventricular cardiac repair (e.g., septal defect closure, te-
tralogy of Fallot repair, arterial switch operation; n0511),
those who underwent univentricular palliation culminating
in the Fontan procedure (n0108), and those who underwent
heart transplantation (n056). The entire cohort had a com-
bined prevalence of obesity and overweight of 29 %, similar
to the concurrent National Health and Nutrition Examination
Survey (NHANES) data in the USA. Patients with any type of
heart disease had a slightly lower prevalence of overweight
and obesity (26.2 %) compared to NHANES (p<0.001) and
study controls (p<0.001). However, the arrhythmia patients,
those with mild heart disease (HD), and those who underwent
heart transplantation had the same prevalence of overweight
and obesity as the NHANES data (Fig. 1). The patients who
underwent Fontan operation had the lowest prevalence of
overweight and obesity at 16 %. This is not surprising as
patients who have undergone the Fontan procedure often have
growth failure [8]. Some secondary effects of obesity were
also found in this study. Systolic blood pressure and blood
pressure percentiles were higher in obese and overweight
patients with heart disease compared to those of normal
weight (Fig. 2). A more recent study has confirmed that
obesity and overweight affects 30 % of the pediatric
CHD population [36]. In this New York population,
Hispanic ethnicity and male gender were the groups
found to be at highest risk for the development of obesity.
Importantly, the prevalence of obesity appears to increase in
adulthood. Approximately 54 % of adults with CHD have a
BMI >25 kg/m2 [31].

Acquired and congenital heart disease at risk for early
atherosclerotic disease

A recent joint statement of the American Heart Association
and American Academy of Pediatrics on risk reduction in
pediatric patients emphasized the need for additional study
of the prevalence and etiology of obesity, as well as pres-
ence of other cardiovascular risk factors in children with
congenital and acquired HD [20]. Several categories of
patients were identified to be at increased risk for the
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development of premature atherosclerotic cardiovascular
disease based on their underlying cardiac disease. These
include patients with congenital (e.g., anomalous aortic
origin of the coronary artery) or acquired coronary artery
abnormalities (e.g., Kawasaki disease), patients who have
undergone surgical translocation of the coronary arteries
(e.g., arterial switch operation [18] or Ross operation
[35]), patients with left heart obstructive lesions (e.g.,
coarctation of the aorta), and patients who have under-
gone cardiac transplantation. Children with Kawasaki
disease and other coronary artery anomalies are at con-
tinued risk for coronary events through childhood and
adulthood [13]. Sudden coronary death is also known to
occur after the arterial switch operation [22]. Approximately
11 % of heart transplant recipients develop coronary
artery vasculopathy within 5 years after cardiac trans-
plant; it is the leading cause of mortality in this popu-
lation [9]. Thus, monitoring for the development of
atherosclerotic disease in high-risk patients is critically
important, and avoidance of obesity should be one of the
goals of long-term care.

Fig. 2 Systolic blood pressure (SBP) percentiles according to BMI
class for patients with heart disease. Systolic blood pressure percentile
was increasingly higher in obese and overweight patients when com-
pared to those patients with normal BMI (p<0.001 for each compari-
son of overweight and obese against normal BMI patients). These
figures were unadjusted for medication use. (Pinto et al. [34], used
with permission)

Fig. 1 Prevalence of obesity
and overweight. a Prevalence of
national data (from NHANES
1999–2002) compared with the
clinic cohort and patients with
HD. The heart-disease group
includes all patients who had
mild heart disease, EP, biven-
tricular repair (2V), univentric-
ular palliation, and transplant (a
P<0.03 when compared with
control patients). b Prevalence
of national data and clinic con-
trols against categories of heart
disease (b P<0.01 for compar-
isons with national data and
controls). All other P values
were not significant. (Pinto et
al. [34], used with permission)
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Risk factors for the development of obesity in children
with CHD

Traditional risk factors may contribute to the development of
obesity in children and adults with CHD. In fact, the very same
risk factors that have led to the epidemic of obesity in the
general pediatric population have had a significant impact on
the CHD population as well. A recent study assessed lifestyle
risk factors for future atherosclerotic disease in a cohort of
over 300 Belgian and German childrenwith CHD [26]. Nearly
half the children surveyed drank sweetened beverages, and
almost 90% ate foods high in fat at least three times a week. In
addition, 13%were active smokers, and 54% spent more than
2 h per day at sedentary activities. Over 9 % of European
adults with CHD are active smokers, and it has had an impact
on mortality [11]. In a US cohort of adolescents who under-
went the Ross operation or the arterial switch operation (both
include coronary translocation), the median amount of time
per week spent in sedentary activity was 40 h with only 3 h per
week spent participating in vigorous physical activity [30].
Others have confirmed that healthy patients who have under-
gone the arterial switch operation participate in significantly
less vigorous physical activity than healthy controls [37].

There are also unique risk factors for obesity that affect the
CHD population. Failure to thrive is a common symptom of
heart failure in children with unrepaired heart defects. Thus,
maximizing caloric intake and encouraging weight gain have
been an important component of overall health care in these
at-risk children. Though failure to gain weight is a valid
concern prior to cardiac intervention, many children have
normal caloric requirements and metabolism after cardiac
repair. Yet parents and health care providers may continue to
encourage and emphasize increased caloric intake and weight
gain even as the children are becoming overweight [41]. It has
recently been reported in a large global population study that
infant weight gain is associated with the development of
childhood obesity [10]. Each one-unit increase in weight z
score between 0 and 12months of age conferred a twofold risk
of childhood obesity and a 23 % higher risk of obesity in
adulthood [10]. Others have shown that the earliest sign of a
trend toward childhood obesity was the rapid increase of
weight and weight gain velocity after 6 months of age [45].

Restriction from physical activity is also a common prac-
tice that is relatively unique to the CHD population. Prior to
the ability to perform catheter-directed and surgical interven-
tions, patients with uncorrected CHD were often quite dis-
abled, and exercise restriction was a valid recommendation to
prevent sudden death. Though some at-risk populations such
as those with valvar aortic stenosis, pulmonary hypertension,
and hypertrophic cardiomyopathy remain vulnerable during
periods of intense physical activity [24], the majority of chil-
dren and adults with repaired or mild CHD can exercise safely
and even participate in competitive athletics [27, 39, 40].

Exercise restriction may be recommended by health care pro-
viders even when not specifically indicated; some base their
recommendations on outdated practice models, fear of medical
liability, or personal bias. However, some restrictions are im-
posed by parents or guardians rather than practitioners. With the
media reportingmany instances of sudden death on sports fields,
parents are often fearful of allowing their children with CHD to
participate in athletic activities. These children are sometimes
perceived as being more vulnerable to harm than their peers. As
children with CHD become young adults, they may impose
restrictions on themselves as well [3, 25]. Patients are often
self-conscious about their appearance or their ability to exercise
with the same capacity as their healthy peers. Adolescents with
single ventricle palliation have been reported to have lower body
image than age-matched controls [33]. Importantly, formal ac-
tivity restriction in children with CHD has been associated with
higher BMI [37].

Cardiovascular sequelae of obesity in children with CHD

Obese children without HD have been shown to have surro-
gate markers of early cardiovascular disease including higher
carotid intima–media thickness and abnormal endothelial
function [21, 43]. The presence of childhood obesity in asso-
ciation with CHDmay have an evenmore profound impact on
long-term outcome; patients with CHD often have underlying
anatomic or functional abnormalities that cannot be altered by
treatment. Thus, obesity may be the only modifiable risk
factor in this population. Several studies suggest that obesity
in the setting of CHD has an impact on overall health. An at-
risk population of children who had the arterial switch oper-
ation (for transposition of the great arteries) or the Ross
procedure (a pulmonary autograft aortic valve replacement)
was recently investigated; this population was chosen because
they are considered at risk because of the coronary transloca-
tion that is performed in both operations [20]. Nearly one third
of the cohort was obese or overweight [30]. The most

Fig. 3 Left ventricular mass index measured in children who have
undergone the arterial switch operation. LVMI left ventricular mass
index. P00.01 obese and overweight patients compared to normal-
weight patients. (Pasquali et al. [30], used with permission)
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significant risk factor for obesity was parental obesity (defined
as a parent with a BMI ≥30). Obese and overweight subjects
had higher indexed left ventricular mass compared to normal-
weight peers who had the same underlying CHD (Fig. 3) [30].
In a subgroup of this cohort, obese and normal-weight ado-
lescents who had the arterial switch operation underwent
echocardiography, exercise stress testing, ambulatory blood
pressure monitoring, and vascular testing [29]. Though exer-
cise performance was not different between the groups, ele-
vated nocturnal blood pressure, an indicator of true systemic
hypertension, was seen only in the obese group. In addition,
obese patients had lower brachial artery reactivity (endothelial
dysfunction) compared to their normal-weight peers [29].
Other patient populations with CHD have also recently been
studied. In a large cohort of patients with single ventricle heart
disease who underwent the Fontan operation (a connection of
the inferior and superior vena cava directly to the pulmonary
arteries), higher weight was associated with higher ventricular
mass-to-volume ratio, a known risk factor for poor outcome in
these patients [8]. Obesity in the setting of CHD may have
other important short-term implications as well. In a group of
children with CHD and cardiomyopathy who were listed for
heart transplantation, pre-transplant obesity was found to be a
significant risk factor for mortality [19].

Conclusions

The epidemic of obesity has not excluded children and
adolescents with CHD; it affects more than one quarter of
the population, at least in the USA. Children with CHD are
not immune to the traditional risk factors for obesity such as
genetic predisposition, sedentary behavior, and poor diet
habits. Unique risk factors such as exercise restriction and
increased caloric intake in infancy may also play a role in
the development of obesity in this population. Obesity is
emerging as a potential long-term risk factor for poor out-
come in patients with CHD. As more children with CHD are
now surviving into adulthood, investigating therapeutic
interventions to treat and prevent obesity in this population
is of utmost importance. Recommendations for safe physical
activity, recreation sport, and exercise training for children
with CHD have recently been published [27, 39]. These
guidelines may help health care providers to change their
practice of exercise restriction. Children who develop strong
patterns of good diet and physical activity are likely to
continue those habits into adulthood.
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