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Physical activity modification in youth with congenital heart
disease: a comprehensive narrative review
Arend W. van Deutekom1,2 and Adam J. Lewandowski2

Congenital heart disease (CHD) affects nearly 1% of births. As survival rates have dramatically improved, the majority of individuals
with CHD now live into adulthood. As these patients age, they become prone to a large range of complications, such as chronic
heart failure and acquired cardiovascular disease. Promotion of a healthy and active lifestyle from childhood onwards has been
suggested as a sustainable and effective strategy to enhance cardiovascular health, improve quality of life and reduce immediate
and long-term risk in people with CHD. Well-established physical activity consensus statements for youth with CHD have now been
published. In this article, we review how increasing physical activity in youth with CHD may offer immediate and long-term
cardiovascular benefits, what is known about physical activity in children with CHD, describe the unique factors that contribute to
achieving sufficient and insufficient physical activity levels and summarize the evidence of trials on physical activity promotion in
youth with CHD. Furthermore, we discuss some of the challenges that need to be addressed by further research regarding the
optimal strategy, timing and format of physical activity intervention programmes in children and adolescents with CHD.
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IMPACT:

● Congenital heart disease (CHD) affects nearly 1% of births, with the majority of individuals with CHD now living into adulthood
due to improved survival. As CHD patients age, they become prone to a large range of cardiovascular complications.

● This article discusses how and why increasing physical activity in youth with CHD may offer immediate and long-term
cardiovascular benefits, the barriers to achieving sufficient physical activity levels and the evidence from trials on physical
activity promotion in youth with CHD.

● The optimal strategy, timing and format of physical activity intervention programmes in children and adolescents with CHD are
discussed.

INTRODUCTION
Major advances in the fields of paediatric cardiology and cardiac
surgery over recent decades have dramatically improved the
survival of patients with congenital heart disease (CHD). Currently
over 90% of children who are born with CHD are expected to
survive into adulthood.1 As these patients age, they are prone to
long-term complications and comorbidities. For example, chronic
heart failure is known to occur in a quarter of CHD patients by the
age of 30 years, with the incidence increasing with age.2 CHD
patients are also at increased risk for acquired cardiovascular
diseases, such as hypertension, myocardial infarction and stroke,
as approximately 80% of all young adults with CHD have at least
one cardiovascular risk factor.3 These acquired cardiovascular
diseases may further interact with arrhythmias or heart failure,
worsening morbidity and mortality risk. Consequently, care for
CHD patients has shifted from managing short-term survival to
having the best possible outcome in terms of long-term physical
health, development and well-being.
Promotion of an active lifestyle is increasingly recognized as

pivotal for optimizing long-term health in CHD patients. In
populations of patients with CHD, regular physical activity (PA)
was shown to improve the features or delay the progression of

systolic and diastolic heart failure, pulmonary hypertension and
coronary artery disease.4,5 Exercise increases musculoskeletal
strength and aerobic fitness, reduces cardiovascular and meta-
bolic disease risk and event rates, increases healthy behaviours
and promotes active lifestyles.6 In addition to the numerous
physical health benefits, PA is associated with enhanced self-
esteem, confidence, initiative, quality of life and social skills.7

Attempts to optimize PA levels early in life have the greatest
potential for long-term health and well-being, because most
healthy and active behaviours carry forward into adulthood.8

Therefore, every child with CHD should be encouraged to do
sports and to participate in recreational PA during leisure time and
at school. Unfortunately, most children with CHD are insufficiently
physically active.
Several reviews have been written on exercise specifically in

children with CHD and the effects of formal exercise interventions
in these children.9–15 However, exercise and PA are two different
constructs, with exercise being a subcategory of PA that is
planned, structured, repetitive and purposeful in the sense that
the improvement or maintenance of one or more components of
physical fitness is the objective.16 PA also includes other activities,
which involve bodily movement and are done as part of playing,
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working, active transportation, house chores and recreational
activities. As such, it is important to recognize the significance of
the full spectrum of PA for cardiovascular health, as activities of
lighter intensity provide significant cardiovascular health benefits
even if there are no changes in measures of exercise capacity.17

This aspect of PA in children with CHD is not currently well
covered in the literature.
The primary purpose of this review is to evaluate the prevalence

of physical (in)activity in children with CHD, to provide further
insight into the unique risk factors of insufficient PA in children
with CHD and to summarize the interventions that have been
adopted to optimize activity levels in these children to date. As
insufficient PA poses an additional health burden to patients with
CHD, a thorough understanding of the prevalence and predictors
of insufficient PA in children with CHD may have a significant
long-term impact on the care of these patients.

METHODS
Literature search
A comprehensive search was conducted using the PubMed
database on May 19th, 2020. Search terms about CHD (e.g.
cardiac defect, Fontan, etc.) were used independently and in
combination with terms about PA (e.g. exercise, activity, etc.) and
children (e.g. youth, child). The search was restricted by excluding
non-relevant publication types (e.g. editorials, practice guidelines,
biographies, etc.). Additionally, the reference lists of all selected
articles and published reviews on this topic were screened for
potentially relevant publications.

Eligibility criteria
Studies were included if they met the following criteria: (i) the
population included subjects aged <18 years with any form of
CHD; (ii) the outcome was a measure of PA or sedentary
behaviour. For intervention studies, we had the additional
criterion that the intervention was aimed at improving PA levels.

Data extraction
The following data were extracted from the studies that met our
inclusion criteria: (i) general characteristics of the article (author’s
name, publication year); (ii) study population (number, percentage
female, age, type of CHD); (iii) inclusion criteria; (iv) exercise
intervention (duration, intensity, type); (v) type of PA or sedentary
behaviour studied; (vi) timing and method of measurement
(objective or self-report); and (v) relevant results.

Quality assessment
The two authors of this paper independently assessed the
methodological quality of included studies, using a ten-item
modified scoring system to reflect favourable design, reporting, as
well as attrition and compliance (Supplementary Table 2).18–20 For
each item, a score of 1 was allocated if the study met the criteria
for that subcategory. Attrition and compliance criteria were based
on standard guidelines for exercise intervention trials.20 Scoring
for the intervention length and cohort size for the intervention
group were determined using the median across studies. Summed
scores between 0 and 4 were given an overall quality rating of
‘low’, 5–7 were scored as ‘moderate’, and 8–10 scored as ‘high’.

PA AND SEDENTARY BEHAVIOUR IN CHILDREN WITH CHD
There is a general belief that children with CHD have low levels of
PA compared to their healthy peers.21 This is based on early
studies that assessed PA levels in children with severe types of
CHD >25 years ago.22 Since then, at least 18 articles have been
published that assess the level of PA in children with CHD relative
to a healthy population. Details of these observational studies and
their findings with regard to PA are shown in Supplementary

Table 1. Most studies enrolled adolescent patients, four studies
enrolled younger school-aged children22–25 and one focussed on
preschoolers.26 The number of patients with CHD included in the
studies ranged from 723 to 316,27 and the proportion of female
subjects ranged from 3228 to 76%.29 The subjects had many
different cardiac diagnoses in most studies. Three studies also
included cardiac transplant recipients.25,30,31 Three studies only
included subjects with Fontan circulation.32–34 In 14 of the studies,
there was a control group of healthy age-matched children, while
in the remaining 4 studies, PA levels were compared to previously
published normative data from healthy cohorts.30–32,35 Different
methods have been applied in assessing the daily levels of PA,
including self- and parent-reported questionnaires and objective
measures. The method of objective measurements was usually
accelerometry. Heart rate monitors24 and the double labelled
water method23 were used in one study each. All studies reported
PA level, expressed as time in PA, exercise frequency, score on a
PA scale or expended energy. In addition, eight studies described
the proportion of individuals meeting national or international PA
recommendations,24,26,28,29,31,34,36,37 while six studies also
reported on the time spent sedentary.26,29,31,33,34,37

In 9 of the 18 (50%) studies, there were no statistically
significant differences in PA level between children with CHD
and age-matched healthy peers.23,26–31,34 Of the remaining nine
studies, four reported that children with CHD were generally more
inactive than the control group22,24,38 or than normative data.35

The other studies were ambiguous or found diminished PA only in
subgroups. For example, two studies found that boys with CHD
had lower accelerometry-assessed PA levels compared with
healthy boys, while there were no differences in girls.39,40 In
contrast, a study in 147 adolescents with a Fontan circulation
found that, in girls, PA levels were markedly below normative data
from healthy children, while boys were relatively unaffected.32

Interestingly, Arvidsson et al. found that CHD was only associated
with lower PA levels in girls with CHD aged 9–11 years, not in
older girls or boys, compared to age- and sex-matched peers.36

The method of measurement could explain part of the apparent
discrepancies between the studies. Five22,33,35,37,38,40 out of
eight25,27,30 studies with self- or parent-reported outcomes found
significantly lower PA levels in children with CHD. In contrast, five
of the nine studies with accelerometer-assessed PA found no
differences between cases and controls,26,28,29,31,33 and three
found lower PA levels only in subgroups of patients.36,39,40 The
only accelerometer study that described a general lower PA level
in children with CHD had no control group but compared the data
to normative data from healthy children and adolescents
participating in the Amherst Health and Activity Study.32 Of
particular interest is the study by Hedlund et al. that assessed PA
levels in adolescent Fontan patients by questionnaire and
accelerometry simultaneously. The authors found that adolescents
with CHD reported less time in physical exercise and with less
intensity than healthy controls. However, the accelerometer-
assessed activity level and the amount of time in moderate-to-
vigorous PA did not differ between adolescents with CHD and
controls.33

The proportion of children with CHD reaching the prevailing
national or international recommendations of minimum PA (at
least 60 min a day for most countries) varied between studies,
ranging from 731 to 76%.28 Six out of eight studies found that the
proportion of children reaching these recommendations did not
differ between children with CHD and either a control
group26,28,34,36 or regional estimates.31,37 One study reported that
19 and 31% of the children after transposition of the great arteries
and atrial septal defect/ventricular septal defect repair, respec-
tively, reached national PA recommendations; significantly less
than 57% of controls. However, Ewalt et al. found that a third of
children with CHD were active for >60 min/day, which was a
significantly larger proportion than the 4.8% of controls.29 The six
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studies that report on the sedentary time of children with CHD are
in agreement that these children spent the majority of time
sedentary, up to 74% of the monitored time.34 However, four
studies found no differences between children with CHD and
controls,29,33,34 two studies had no control group or normative
data for comparison31,37 and one study actually reported less
sedentary time in children with Fontan than healthy controls.33

Taken together, most of the studies on PA level in children with
CHD—especially those using objective outcome measures—
suggest that children with CHD have similar activity levels as
their healthy peers and are not more sedentary. Although this
might seem encouraging, the results need to be viewed in the
context of alarmingly low levels of PA in children in general. Most
recent estimates from a pooled analysis of 1.6 million adolescents
from 146 countries, territories and areas globally showed that 81%
of adolescents did not reach the recommended 60min of
moderate-intensity PA per day.41

CORRELATES OF PA
Understanding why children with CHD have an active or inactive
lifestyle contributes to evidence-based planning of PA interven-
tions. In doing so, effective programmes can be created to target
factors known to cause inactivity or sedentary behaviour. In
healthy children, the correlates of activity levels are multifactorial
and include factors that are biological (sex, ethnicity, genetic
predisposition), psychological (attitudes, motivation), sociocultural
(parental and peer support, encouragement, social norms) and
environmental (access to opportunities and facilities).42,43 Besides
these traditional correlates, there are unique factors in children
with CHD that may contribute to the development of an inactive
lifestyle: cardiac capacity, formal exercise restrictions, parental
overprotection, and perceived self-efficacy.

Cardiac capacity
The normal haemodynamic adaptions to exercise may be, in a
variety of ways and to a variable extent, adversely affected by
CHD.44 For instance, patients with a Fontan circulation lack a
functional right ventricle. During exercise, they cannot increase
their pulmonary blood flow and pressures normally, which leads
to insufficient left ventricular preload and systemic blood flow. In
addition, they often have a lower arterial oxygen saturation due to
residual shunting and a blunted heart rate response to exercise.
Patients with tetralogy of Fallot often have abnormalities of their
pulmonary vasculature and therefore may be unable to reduce
their pulmonary vascular resistance normally. In addition, they
may have significant residual haemodynamic abnormalities, such
as severe pulmonary regurgitation and right ventricular dysfunc-
tion.44 Formal exercise testing in both patient groups has
repeatedly shown that exercise capacity is markedly reduced, up
to 50% in children with Fontan.45,46 Therefore, it is assumed that
cardiac function would be strongly predictive of level of PA in
these children.27,47 However, studies on this topic are conflicting.
In a relatively large study in 147 children with Fontan, McCrindle
et al. found that accelerometer-assessed PA was not related to
medical history or maximum rate of oxygen consumption (VO2),
VO2 at anaerobic threshold or maximum work rate during exercise
testing.32 In a study with patients with a Fontan circulation,
including 28 children below the age of 14 years, daily activity
patterns were normal and there was no association with exercise
capacity in the paediatric subgroup.48 Both Lunt et al. and Bar-Mor
et al. found that disease severity did not predict self-reported level
of sport or PA in their respective cohorts of adolescents with a
range of CHD.30,49 In contrast, Ray et al. found a trend towards an
inverse association of severity of CHD with the amount of PA in a
similar cohort, although it was non-significant, possibly due to
small sample size.35 Furthermore, in a large accelerometer study of
162 children with a full range of CHD diagnoses, the authors found

that severity of heart disease and Fontan circulation were
associated with not meeting the World Health Organization
criteria for sufficient PA.28

Exercise restrictions
Formerly, exercise restrictions placed by physicians were common
practice in children and adolescents with CHD, due to fears of the
possible proarrhythmic potential of exercise. Currently, exercise is
considered safe and beneficial for almost all patient groups, but
there remains hesitancy among physicians regarding the safety
and efficacy of regular exercise in children with complex CHD.50,51

For example, Swan and Hillis found in a survey of 99 young adults
who attended a paediatric and adult congenital outpatient clinic
that relatively few patients were encouraged to exercise (19%) by
their physician and PA advice was more often prohibitive (30%),
even though the majority of patients had simple and haemody-
namically non-significant lesions.52 Dean et al. reported that 40 of
the 177 (22.5%) adolescents and young adults with CHD found
themselves restricted from at least one sport by their doctor.53

Lunt et al. found that exercise advice by the physician had little
influence on the PA level of adolescents with CHD.30 However, the
consequences of physician-imposed PA restriction can be
profound, as demonstrated by Stefan et al.54 They found that
formal exercise restriction was the strongest predictor of being
overweight or obese at 8.4 years follow-up in children with CHD,
more so than exercise intolerance per se. Even children who were
of healthy weight at baseline had a higher risk of becoming obese
over time if their practitioners restricted their activity.

Overprotection
Exercise restriction may also be imposed by their parent,
educators or sports coach, rather than suggested by the child’s
practitioner. In a landmark study, Bergman and Stamm reported
that parents of children who have been evaluated for ‘innocent’
heart murmurs in the past often stated that ‘something was
wrong with the heart’ of their child.55 In this cohort of 75
children, 30 children (40%) were restricted in their PA engage-
ment by parents and teachers, sometimes despite a physician’s
reassurance, and 15 children (20%) stated that their families
worried about their hearts and that they were ‘treated
differently’. Decades later, similar parental fears were found in
children with severe CHD. In a group of 26 children with
surgically palliated complex CHD, the majority of parents
thought their child was unable to walk a distance of >100
yards, while formal exercise testing suggested that most of the
group had only moderate functional disability.22 Furthermore, in
the multicentre Paediatric Heart Network Fontan Study, parents
perceived that their children were more impaired in their
physical functioning than the children perceived themselves.56

However, more recent research does not support these findings.
In a study in Korean adolescents with complex CHD, parental
overprotection was not correlated with self-reported PA or
sedentary behaviour level.57 Lunt et al. found that only 4 out of
153 adolescents with CHD reported that their parents do not
encourage or help them as being a barrier to their activity; a
smaller proportion than in a healthy reference group.30 Of note,
parents helped in the survey, which may have affected the
results. A study in young adults with CHD specifically surveyed
about parental concerns regarding participation in sport and
exercise.52 Only 3.3% of the patients felt their parents had
inappropriate concern and 43% felt their parents’ concern was
appropriate. However, 16% of patients had health fears related
to their heart condition themselves, thus it is plausible that
restrictive attitudes of parents and patients co-exist.

Perceived self-efficacy
Youth with CHD sometimes display poor self-esteem and self-
efficacy towards PA, especially in patients with more complex
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CHD. For example, in the study of Bar-Mor et al., self-efficacy was
found to be an important determinant of PA participation, while
objective severity of the cardiac malformation was not.49 Moola
et al. quantitatively explored perceptions towards PA and sport in
the lives of youth with CHD and found that a large proportion of
the 13 adolescents displayed low self-efficacy towards sport.58

This was driven by unpleasant social interactions and comparisons
with athletic healthy peers, and led to a decreased value ascribed
to PA and sport. Kwon et al. also found that lower self-efficacy was
associated with a lower engagement in PA in adolescents with
complex CHD,57 but the findings of McCrindle et al. were more
ambiguous.32 In their cohort of 147 paediatric Fontan patients,
lower measured PA levels were significantly related to lower
perceived general health but not to self-esteem or social impact of
physical limitations. In a cohort of children with less severe CHD
(operated with no residual disease), self-efficacy was an important
predictor of PA, explaining almost a quarter of the variability in PA
level.38 However, in a study among 10–14-year-olds with mild to
moderate or surgically repaired CHD, self-efficacy scores were
comparable to those previously published for healthy
adolescents.37

Closely related to self-efficacy is the anxiety or fears towards PA
that patients with CHD may have. For example, a study conducted
in the United Kingdom found that 12% of children with CHD
overestimated the extent of their exercise restrictions, needlessly
avoiding PA participation.59 In addition, 30% of 316 adolescents
with repaired atrial septal defect, ventricular septal defect or
tetralogy of Fallot perceived ‘cardiac symptoms’, but these were
not related to cardiac diagnosis or the presence of residual lesions.
These symptoms were predictive of a lower score for exercise
behaviour, while diagnosis or residual lesions were not.53 In young
adults with CHD, the most prevalent barriers to exercise were
perceived symptoms, but these symptoms often occurred in the
presence of non-haemodynamically significant lesions.52 The
authors suggest that ‘normal’ symptoms indicative of decondi-
tioning are misinterpreted as ‘pathological’ cardiac symptoms
related to their CHD and that anxiety or preoccupation with health
may contribute.
In summary, behavioural factors appear to influence inactivity

more than the severity of the heart condition or level of physical
fitness. Structured PA approaches to let children experience success
and improved physical functioning might increase self-efficacy and
be a fruitful way to stimulate PA in this group. In addition, some
children with mild or repaired CHD with no residual haemodynamic
lesions perceive symptoms while exercising, which may be the result
of deconditioning. This component of their disability should respond
to interventions to improve PA. Although theoretically appealing,
proof of this concept has been limited.

INTERVENTIONS TO IMPROVE PA
As discussed, there are many studies on the effects of formal
exercise interventions on exercise capacity in children with CHD,
covered in several systematic reviews. However, there are only
eight reported trials that assessed the effect of an intervention on
general levels of PA in children with CHD.47,60–66 The character-
istics of the studies are summarized in Table 1. The number of
subjects with CHD included per study ranged from 25 to 168, and
all trials but one64 enrolled adolescent patients. Two trials
specifically focussed on children with Fontan circulation62,64 and
one on children with either Fontan or tetralogy of Fallot.60 Five
trials had a control group of children with CHD who did not
receive the intervention, one trial used a group of healthy children
who also received the training programme for comparison62 and
two studies had no control group.64,65 Interventions across trials
were heterogeneous, with the duration of the intervention
ranging from 3 days65 to 1 year.63,64 Most studies performed
standardized, supervised exercise programmes close to the

participants’ home. Of the other studies, one trial evaluated the
effect of a sports camp,65 one trial used motivational interview
style group sessions66 and one trial used a mobile application and
individually tailored text messages to stimulate PA.63 Three studies
used a self-reported questionnaire to measure PA levels,47,62,65

and five used objective measures. None of the studies assessed
sedentary behaviour.
Two trials with objective PA assessment61,66 and two trials with

subjective outcome data47,62 reported a significant increase in PA
levels directly after completion of the intervention. Interestingly, in
one of these studies, a control group who only received
information about the benefits of PA also increased in exercise
time.61 This suggests that providing accurate health information
regarding the importance of PA and providing reassurance that
PA is harmless for their heart might be sufficient to increase PA in
children with CHD. The other four studies found no effect of the
intervention on subjects’ PA level.
Long-term sustainability of training programmes is an impor-

tant goal, but data are limited. Only two studies described longer-
term effects, measured 1 year after completion of the intervention.
Hedlund et al. found that self-reported exercise time increased
directly after 12-week endurance training but returned to baseline
at 1-year follow-up.62 In contrast, Longmuir et al. implemented a
12-month cardiac rehabilitation programme emphasizing PA and
healthy lifestyle behaviours among a cohort of 61 children after
Fontan palliation.64 They found that time in moderate-to-vigorous
PA increased significantly by 6 months after starting the
intervention, was decreased at the end of the 12-month
programme and then increased again to 36 ± 31min/week (p=
0.04) above baseline.
Taken together, this evidence shows that although exercise

interventions might be a safe and effective method to increase PA
in youth with CHD, the body of knowledge is very limited,
especially in preadolescent children. Methodological issues,
inconsistent and short-term results, as well as a low number of
participants, are still major challenges (see Supplementary Table 2).
Furthermore, adherence to the training programme is an
important issue, with dropout and non-compliance rates up to
50%. These low levels of adherence may indicate that the exercise
intervention is perceived as an optional service, where dropout
can be assumed to have little medical consequences, or may
reflect low satisfaction or success rates.
The reasons for not participating, withdrawal and non-compliance

to exercise interventions have been explored by Dulfer et al.67 They
concluded that logistical issues and time constraints of the parents
were important barriers to participation. Second, adherence to the
intervention was strongly related to fun that adolescents had during
the exercise sessions. Third, anxieties and concerns regarding sports
were present in both adolescents and parents, which contributed to
reluctance to participate and withdraw. Therefore, the authors
emphasize that future exercise interventions should have a more
fun, age-attuned character, possibly including ‘game-like’ elements,
and should address unanswered questions and unrealistic fears and
attitudes towards PA.68

FUTURE IN EXERCISE INTERVENTIONS: ‘WEARABLES’ AND
‘GAMIFICATION’?
New technological advancements provide exciting novel opportu-
nities to overcome the challenges in exercise interventions in
children with CHD. The rapidly expanding availability of mobile
technologies such as ‘wearables’ and apps provide a platform to
monitor daily health behaviours and to deploy interventions in a
home-based context. This platform could use game design
elements, referred to as ‘gamification’, for example, by using activity
level (e.g. steps taken, energy expended) to score points, reach goals
or complete challenges.69,70 The advantages compared to traditional
PA measurement devices could be manifold: improved adherence
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to device wear protocols through ‘gamified’ or individualized
approaches; greater ability to access PA data remotely to
incorporate continuous PA monitoring, counselling and promotion
into the intervention; and the possibility to provide real-time
feedback to the child (and their parents), so that a wearer can be
aware of their PA level, exertion and physical response during
exercise.70 Although there is no experience with these technological
advancements in children with CHD, it has been shown in adults
post-myocardial infarction that smartphone-based technology
improved uptake, adherence and completion of a rehabilitation
programme.71 In children with obesity, gamified wearables have
been shown to help children increase their PA level and lose
weight.72 Albeit theoretically appealing, the question remains
whether gamified interventions are effective in driving behaviour
change, health and well-being in children with CHD and, more
specifically, whether they promote long-term healthy behaviours.

CURRENT CLINICAL PRACTICE AND RECOMMENDATIONS FOR
IMPROVEMENT
Although emphasis is placed on lifestyle medicine in adult
cardiology, it is not often a focus of the paediatric cardiology
outpatient visit. In a survey to evaluate counselling on modifiable
cardiovascular risk factors, paediatric cardiologists answered that
they believed that promotion of cardiovascular health was a more
appropriate role for primary care providers than for paediatric
cardiologists.73 In another study on exercise advice in paediatric
cardiac clinics, clinicians indicated that they do not have the
knowledge, skills, resources or time needed to implement the
extensive literature on PA promotion or to counsel patients about
PA.74 In line with this, in a study of the care of overweight children
with heart disease at two major paediatric heart centres,
practitioners did not document lifestyle and weight counselling
in >85% of children.75

These practices contrast sharply with international scientific
statements on the importance of an active lifestyle for future
cardiovascular health in children with CHD.8,21,51 These statements
emphasize the need for a proactive promotion of PA by health
professionals. A workgroup of the Association for European
Paediatric and Congenital Cardiology has developed lesion-specific
recommendations for exercise participation and assessment for
children with CHD.51 They stress that almost all children with CHD
can engage in sporting activities with no or minimal restrictions and
should be encouraged to reach published recommendations of 60
min of moderate intensity exercise daily. In addition, children should
perform <2 h a day of sedentary activities. PA counselling should be
part of every patient interaction, and clinicians should provide
patients, parents and primary care providers with recommendations
in writing. Indeed, written instructions have been found to be more
effective in increasing PA levels among sedentary patients than
verbal communication alone.76,77 Although these guidelines are
largely consensus based and extrapolated from PA recommenda-
tions for healthy children, they warrant a paradigm shift in all of
clinical care by enhancing knowledge, understanding and apprecia-
tion of the multiple benefits of regular PA for every child, for every
ability and at all ages.

CONCLUSIONS
Given that most children with CHD now survive into adulthood and
enjoy near-optimal functioning and well-being, care for these children
now includes the prevention of long-term complications and
comorbidities. The majority of children with CHD have inactive
lifestyles, marked by low PA levels and excessive sedentary behaviour.
In addition to traditional risk factors for inactivity, unique risk factors
such as formal exercise restrictions, parental overprotection and fear
to exercise may mediate the relationship between CHD and low PA
levels in children. Interventions to stimulate exercise and other PA

engagements in children with CHD have demonstrated that regular
exercise is safe and there is some evidence that it increases activity
level in children with CHD in the short term, although the evidence
base is limited. There is much uncertainty about the optimal strategy,
timing and format (home-based, new technology) of exercise
interventions, as well as the long-term effects of these programmes
on PA and cardiovascular health, which should be the focus of future
research. Clinicians looking after children with CHD need to strongly
advocate the importance of an active lifestyle based on published
consensus statements for PA in youth with CHD, because children
who develop strong patterns of healthy PA are likely to continue
heart-healthy habits into adulthood.

ACKNOWLEDGEMENTS
A.W.v.D. is funded by a ZonMW Rubicon grant (452183001) and a Netherlands Heart
Institute Fellowship. A.J.L. is funded by a British Heart Foundation Intermediate Basic
Science Research Fellowship (BHF FS/18/3/33292). No honorarium, grant, or other
form of payment was given to anyone to produce the manuscript.

AUTHOR CONTRIBUTIONS
A.W.v.D. and A.J.L. drafted the first manuscript. A.W.v.D. developed the concept and
provided the initial outline with input from A.J.L. A.W.v.D. and A.J.L. revised the first
draft, approved the final version for submission and take full responsibility for the
content of the review.

ADDITIONAL INFORMATION
The online version of this article (https://doi.org/10.1038/s41390-020-01194-8)
contains supplementary material, which is available to authorized users.

Competing interests: The authors declare no competing interests.

Patient consent: Patient consent was not required.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

REFERENCES
1. van der Bom, T., Bouma, B. J., Meijboom, F. J., Zwinderman, A. H. & Mulder, B. J.

The prevalence of adult congenital heart disease, results from a systematic
review and evidence based calculation. Am. Heart J. 164, 568–575 (2012).

2. Norozi, K. et al. Incidence and risk distribution of heart failure in adolescents and
adults with congenital heart disease after cardiac surgery. Am. J. Cardiol. 97,
1238–1243 (2006).

3. Moons, P., Van Deyk, K., Dedroog, D., Troost, E. & Budts, W. Prevalence of cardi-
ovascular risk factors in adults with congenital heart disease. Eur. J. Cardiovasc.
Prev. Rehabil. 13, 612–616 (2006).

4. Downing, J. & Balady, G. J. The role of exercise training in heart failure. J. Am. Coll.
Cardiol. 58, 561–569 (2011).

5. Ehlken, N. et al. Exercise training improves peak oxygen consumption and hae-
modynamics in patients with severe pulmonary arterial hypertension and inop-
erable chronic thrombo-embolic pulmonary hypertension: a prospective,
randomized, controlled trial. Eur. Heart J. 37, 35–44 (2016).

6. Warburton, D. E. R. & Bredin, S. S. D. Health benefits of physical activity: a sys-
tematic review of current systematic reviews. Curr. Opin. Cardiol. 32, 541–556
(2017).

7. Dulfer, K., Helbing, W. A., Duppen, N. & Utens, E. M. Associations between exercise
capacity, physical activity, and psychosocial functioning in children with con-
genital heart disease: a systematic review. Eur. J. Prev. Cardiol. 21, 1200–1215
(2014).

8. de Ferranti, S. D. et al. Cardiovascular risk reduction in high-risk pediatric patients:
a Scientific Statement From the American Heart Association. Circulation 139,
e603–e634. (2019).

9. Tikkanen, A. U., Oyaga, A. R., Riano, O. A., Alvaro, E. M. & Rhodes, J. Paediatric
cardiac rehabilitation in congenital heart disease: a systematic review. Cardiol.
Young 22, 241–250 (2012).

10. Duppen, N. et al. Systematic review of the effects of physical exercise training
programmes in children and young adults with congenital heart disease. Int. J.
Cardiol. 168, 1779–1787 (2013).

Physical activity modification in youth with congenital heart disease: a. . .
AW van Deutekom and AJ Lewandowski

1656

Pediatric Research (2021) 89:1650 – 1658

https://doi.org/10.1038/s41390-020-01194-8


11. Gomes-Neto, M. et al. Impact of exercise training in aerobic capacity and pul-
monary function in children and adolescents after congenital heart disease
surgery: a systematic review with meta-analysis. Pediatr. Cardiol. 37, 217–224
(2016).

12. Meyer, M. et al. Current state of home-based exercise interventions in patients
with congenital heart disease: a systematic review. Heart 106, 333–341 (2019).

13. Powell, A. W. Exercise in congenital heart disease: a contemporary review of the
literature. Heart Mind 2, 61–64 (2018).

14. Dulfer, K., Helbing, W. A. & Utens, E. The influence of exercise training on quality
of life and psychosocial functioning in children with congenital heart disease: a
review of intervention studies. Sports 5, 13 (2017).

15. Chen, Y., Yu, L., Zhou, J. & Zhang, L. The effects of exercise therapy in children
with congenital heart disease: a systematic review. Chin. J. Pract. Nurs. 33,
1437–1440 (2017).

16. World Health Organization. A guide for population-based approaches to
increasing levels of physical activity: implementation of the WHO global strategy
on diet, physical activity and health https://apps.who.int/iris/handle/10665/43612
(2007).

17. Chastin, S. F. M. et al. How does light-intensity physical activity associate with adult
cardiometabolic health and mortality? Systematic review with meta-analysis of
experimental and observational studies. Br. J. Sports Med. 53, 370–376 (2019).

18. Bhutta, A. T., Cleves, M. A., Casey, P. H., Cradock, M. M. & Anand, K. J. Cognitive
and behavioral outcomes of school-aged children who were born preterm: a
meta-analysis. JAMA 288, 728–737 (2002).

19. Telles, F. et al. Changes in the preterm heart from birth to young adulthood: a
meta-analysis. Pediatrics 146, e20200146 (2020).

20. Williamson, W. et al. Will exercise advice be sufficient for treatment of young
adults with prehypertension and hypertension? A systematic review and meta-
analysis. Hypertension 68, 78–87 (2016).

21. Longmuir, P. E. et al. Promotion of physical activity for children and adults with
congenital heart disease: a scientific statement from the American Heart Asso-
ciation. Circulation 127, 2147–2159 (2013).

22. Casey, F. A., Craig, B. G. & Mulholland, H. C. Quality of life in surgically palliated
complex congenital heart disease. Arch. Dis. Child. 70, 382–386 (1994).

23. Leitch, C. A., Karn, C. A., Ensing, G. J. & Denne, S. C. Energy expenditure after
surgical repair in children with cyanotic congenital heart disease. J. Pediatr. 137,
381–385 (2000).

24. Massin, M. M., Hovels-Gurich, H. H., Gerard, P. & Seghaye, M. C. Physical activity
patterns of children after neonatal arterial switch operation. Ann. Thorac. Surg. 81,
665–670 (2006).

25. Barbour-Tuck, E. et al. A cardiovascular disease risk factor in children with con-
genital heart disease: unmasking elevated waist circumference - a CHAMPS*
study *CHAMPS: Children’s Healthy-Heart Activity Monitoring Program in Sas-
katchewan. BMC Cardiovasc. Disord. 20, 231 (2020).

26. Stone, N. et al. Objectively measured physical activity levels of young children
with congenital heart disease. Cardiol. Young 25, 520–525 (2015).

27. Chen, C. W. et al. Health-promoting behavior of adolescents with congenital
heart disease. J. Adolesc. Health 41, 602–609 (2007).

28. Brudy, L. et al. Children with congenital heart disease are active but need to keep
moving: a cross-sectional study using wrist-worn physical activity trackers. J.
Pediatr. 217, 13–19 (2020).

29. Ewalt, L. A., Danduran, M. J., Strath, S. J., Moerchen, V. & Swartz, A. M. Objectively
assessed physical activity and sedentary behaviour does not differ between
children and adolescents with and without a congenital heart defect: a pilot
examination. Cardiol. Young 22, 34–41 (2012).

30. Lunt, D., Briffa, T., Briffa, N. K. & Ramsay, J. Physical activity levels of adolescents
with congenital heart disease. Aust. J. Physiother. 49, 43–50 (2003).

31. Voss, C., Duncombe, S. L., Dean, P. H., de Souza, A. M. & Harris, K. C. Physical
activity and sedentary behavior in children with congenital heart disease. J. Am.
Heart Assoc. 6, e004665 (2017).

32. McCrindle, B. W. et al. 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. Arch. Dis. Child. 92, 509–514 (2007).

33. Hedlund, E. R., Lundell, B., Villard, L. & Sjoberg, G. Reduced physical exercise and
health-related quality of life after Fontan palliation. Acta Paediatr. 105,
1322–1328 (2016).

34. Hartel, J. A. et al. Physical activity and heart rate monitoring in Fontan patients -
should we recommend activities in higher intensities? PLoS ONE 15, e0228255
(2020).

35. Ray, T. D., Green, A. & Henry, K. Physical activity and obesity in children with
congenital cardiac disease. Cardiol. Young 21, 603–607 (2011).

36. Arvidsson, D., Slinde, F., Hulthen, L. & Sunnegardh, J. Physical activity, sports
participation and aerobic fitness in children who have undergone surgery for
congenital heart defects. Acta Paediatr. 98, 1475–1482 (2009).

37. Ray, T. D. & Henry, K. Self-efficacy and physical activity in children with congenital
heart disease: is there a relationship? J. Spec. Pediatr. Nurs. 16, 105–112 (2011).

38. Moschovi, D., Kapetanakis, E. I., Sfyridis, P. G., Rammos, S. & Mavrikaki, E. Physical
activity levels and self-efficacy of Greek children with congenital heart disease
compared to their healthy peers. Hellenic J. Cardiol. https://doi.org/10.1016/j.
hjc.2019.01.002 (2019).

39. Fredriksen, P. M., Ingjer, E. & Thaulow, E. Physical activity in children and ado-
lescents with congenital heart disease. Aspects of measurements with an activity
monitor. Cardiol. Young 10, 98–106 (2000).

40. Kao, C. C., Chang, P. C., Chiu, C. W., Wu, L. P. & Tsai, J. C. Physical activity levels of
school-age children with congenital heart disease in Taiwan. Appl. Nurs. Res. 22,
191–197 (2009).

41. Guthold, R., Stevens, G. A., Riley, L. M. & Bull, F. C. Global trends in insufficient
physical activity among adolescents: a pooled analysis of 298 population-based
surveys with 1·6 million participants. Lancet Child Adolesc. Health 4, 23–35
(2020).

42. Biddle, S. J. H., Atkin, A. J., Cavill, N. & Foster, C. Correlates of physical activity in
youth: a review of quantitative systematic reviews. Int. Rev. Sport Exerc. Psychol. 4,
25–49 (2011).

43. van der Horst, K. et al. A systematic review of environmental correlates of obesity-
related dietary behaviors in youth. Health Educ. Res. 22, 203–226 (2007).

44. Reybrouck, T. & Gewillig, M. in Paediatric Exercise Science and Medicine (eds
Armstrong, N. & Van Mechelen, W.) 421–430 (Oxford University Press, Oxford,
2008).

45. Wessel, H. U. & Paul, M. H. Exercise studies in tetralogy of Fallot: a review. Pediatr.
Cardiol. 20, 39–47 (1999). Discussion 48.

46. Mertens, L. et al. Cardiopulmonary reponse to exercise after the Fontan operation
—a cross-sectional and longitudinal evaluation. Cardiol. Young 6, 136–142 (2008).

47. Rhodes, J. et al. Sustained effects of cardiac rehabilitation in children with serious
congenital heart disease. Pediatrics 118, e586–e593 (2006).

48. Müller, J., Christov, F., Schreiber, C., Hess, J. & Hager, A. Exercise capacity, quality
of life, and daily activity in the long-term follow-up of patients with univentricular
heart and total cavopulmonary connection. Eur. Heart J. 30, 2915–2920 (2009).

49. Bar-Mor, G., Bar-Tal, Y., Krulik, T. & Zeevi, B. Self-efficacy and physical activity in
adolescents with trivial, mild, or moderate congenital cardiac malformations.
Cardiol. Young 10, 561–566 (2000).

50. Hirth, A., Reybrouck, T., Bjarnason-Wehrens, B., Lawrenz, W. & Hoffmann, A.
Recommendations for participation in competitive and leisure sports in patients
with congenital heart disease: a consensus document. Eur. J. Cardiovasc. Prev.
Rehabil. 13, 293–299 (2006).

51. Takken, T. et al. Recommendations for physical activity, recreation sport, and
exercise training in paediatric patients with congenital heart disease: a report
from the Exercise, Basic & Translational Research Section of the European
Association of Cardiovascular Prevention and Rehabilitation, the European Con-
genital Heart and Lung Exercise Group, and the Association for European Pae-
diatric Cardiology. Eur. J. Prev. Cardiol. 19, 1034–1065 (2011).

52. Swan, L. & Hillis, W. S. Exercise prescription in adults with congenital heart dis-
ease: a long way to go. Heart 83, 685–687 (2000).

53. Dean, P. N. et al. Sports participation and quality of life in adolescents and young
adults with congenital heart disease. Congenit. Heart Dis. 10, 169–179 (2015).

54. Stefan, M. A., Hopman, W. M. & Smythe, J. F. Effect of activity restriction owing to
heart disease on obesity. Arch. Pediatr. Adolesc. Med. 159, 477–481 (2005).

55. Bergman, A. B. & Stamm, S. J. The morbidity of cardiac nondisease in school-
children. N. Engl. J. Med. 276, 1008–1013 (1967).

56. Lambert, L. M. et al. Parent- versus child-reported functional health status after
the Fontan procedure. Pediatrics 124, e942–e949 (2009).

57. Kwon, S. J., Choi, E. K., Lee, K. H. & Im, Y.-M. Factors influencing physical activity in
adolescents with complex congenital heart disease. Child Health Nurs. Res. 25,
262–272 (2019).

58. Moola, F., Faulkner, G. E., Kirsh, J. A. & Kilburn, J. Physical activity and sport
participation in youth with congenital heart disease: perceptions of children and
parents. Adapt Phys. Activ. Q 25, 49–70 (2008).

59. Kendall, L., Parsons, J. M., Sloper, P. & Lewin, R. J. A simple screening method for
determining knowledge of the appropriate levels of activity and risk behaviour in
young people with congenital cardiac conditions. Cardiol. Young 17, 151–157
(2007).

60. Duppen, N. et al. Does exercise training improve cardiopulmonary fitness and
daily physical activity in children and young adults with corrected tetralogy of
Fallot or Fontan circulation? A randomized controlled trial. Am. Heart J. 170,
606–614 (2015).

61. Fredriksen, P. M. et al. Effect of physical training in children and adolescents with
congenital heart disease. Cardiol. Young 10, 107–114 (2000).

62. Hedlund, E. R. et al. Can endurance training improve physical capacity and quality
of life in young Fontan patients? Cardiol. Young 28, 438–446 (2018).

Physical activity modification in youth with congenital heart disease: a. . .
AW van Deutekom and AJ Lewandowski

1657

Pediatric Research (2021) 89:1650 – 1658

https://apps.who.int/iris/handle/10665/43612
https://doi.org/10.1016/j.hjc.2019.01.002
https://doi.org/10.1016/j.hjc.2019.01.002


63. Klausen, S. H. et al. Effects of eHealth physical activity encouragement in ado-
lescents with complex congenital heart disease: the PReVaiL randomized clinical
trial. Int. J. Cardiol. 221, 1100–1106 (2016).

64. Longmuir, P. E. et al. Home-based rehabilitation enhances daily physical activity
and motor skill in children who have undergone the Fontan procedure. Pediatr.
Cardiol. 34, 1130–1151 (2013).

65. Moons, P. et al. Improved perceived health status persists three months after a
special sports camp for children with congenital heart disease. Eur. J. Pediatr. 165,
767–772 (2006).

66. Morrison, M. L. et al. Exercise training improves activity in adolescents with
congenital heart disease. Heart 99, 1122–1128 (2013).

67. Dulfer, K. et al. Effect of exercise training on sports enjoyment and leisure-time
spending in adolescents with complex congenital heart disease: the moderating
effect of health behavior and disease knowledge. Congenit. Heart Dis. 9, 415–423
(2014).

68. Dulfer, K. Chapter 7: General Discussion. An Exercise Program in Youngsters with
Complex Congenital Heart Disease: Does It Improve Health Related Quality of Life
and Psychosocial Functioning? A Randomized Controlled Trial. Thesis, Erasmus
Univ. (2014).

69. Spil, T., Sunyaev, A., Thiebes, S. & Van Baalen, R. The adoption of wearables for a
healthy lifestyle: can gamification help? In Proc. 50th Hawaii International Con-
ference on System Science (HICSS 2017) (HICSS, 2017).

70. Stuart, A. G. Exercise as therapy in congenital heart disease — a gamification
approach. Prog. Pediatr. Cardiol. 38, 37–44 (2014).

71. Varnfield, M. et al. Smartphone-based home care model improved use of cardiac
rehabilitation in postmyocardial infarction patients: results from a randomised
controlled trial. Heart 100, 1770–1779 (2014).

72. Schulz, L., Spil, A. A. M. T. & de Vries, S. A. S. in Delivering Superior Health and
Wellness Management with IoT and Analytics (eds. Wickramasinghe, N. & Bod-
endorf, F.) 145–169 (Springer International Publishing, Cham, 2020).

73. Lentzner, B. J., Connolly, D. M. & Phoon, C. K. L. Do paediatric cardiologists discuss
cardiovascular risk factors with patients and their families? Cardiol. Young 13,
551–558 (2003).

74. Williams, C. A., Gowing, L., Horn, R. & Stuart, A. G. A survey of exercise advice and
recommendations in United Kingdom paediatric cardiac clinics. Cardiol. Young
27, 951–956 (2017).

75. Pasquali, S. K. & Cohen, M. S. The impact of obesity in children with congenital
and acquired heart disease. Prog. Pediatr. Cardiol. 25, 119–124 (2008).

76. Swinburn, B. A., Walter, L. G., Arroll, B., Tilyard, M. W. & Russell, D. G. Green
prescriptions: attitudes and perceptions of general practitioners towards pre-
scribing exercise. Br. J. Gen. Pract. 47, 567–569 (1997).

77. Swinburn, B. A., Walter, L. G., Arroll, B., Tilyard, M. W. & Russell, D. G. The green
prescription study: a randomized controlled trial of written exercise advice pro-
vided by general practitioners. Am. J. Public Health 88, 288–291 (1998).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2020

Physical activity modification in youth with congenital heart disease: a. . .
AW van Deutekom and AJ Lewandowski

1658

Pediatric Research (2021) 89:1650 – 1658

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Physical activity modification in youth with congenital heart disease: a comprehensive narrative review
	Introduction
	Methods
	Literature search
	Eligibility criteria
	Data extraction
	Quality assessment

	PA and sedentary behaviour in children with CHD
	Correlates of PA
	Cardiac capacity
	Exercise restrictions
	Overprotection
	Perceived self-efficacy

	Interventions to improve PA
	Future in exercise interventions: ‘wearables’ and ‘gamification’?
	Current clinical practice and recommendations for improvement
	Conclusions
	Acknowledgements
	Author contributions
	ADDITIONAL INFORMATION
	References




