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The prevalence of obesity in
children and adolescents has
increased by 3- to 4-fold over the

last 3 decades in the United States.1 In
Europe, current prevalence rates of over-
weight or obesity in preschool children
are between 8% and 13%.2 Obesity has
major health and socioeconomic
impacts, especially in children and ado-
lescents.3 These populations are at
greater risk for developing endothelial
dysfunction, hypertension, insulin resis-
tance, cholecystolithiasis, nonalcoholic
fatty liver disease, and respiratory and
orthopedic disorders and for having
psychosocial or psychiatric problems,
chronic pain, and lower quality of life.4–8

Childhood obesity alone has been
estimated to cost $14 billion in the
United States annually in direct health
expenses,9 and these high costs have
been confirmed in Europe.10 Obesity in
children and adolescents should be con-
sidered a severe pathologic state, and
maximal efforts should be made to
improve prevention of and therapy for
obesity in children and adolescents. To
generate fat mass loss in children and
adolescents with obesity, an increase in
caloric expenditure (activity promotion)
and a reduction in caloric intake are
important.11,12 Physical activity related
to recreation and transportation should
be increased, sedentary activities should
be reduced, and regular structured exer-
cise should be achieved.11,12

It is often implicitly assumed that
increased physical activity is feasible and
medically safe in children and adoles-
cents with obesity. Given the increased
likelihood for the development of
comorbidities in children and adoles-
cents with obesity (such as orthopedic
injuries or limitations, asthma, exercise
hypertension, insulin resistance, and dia-

betes)4,13–17 and their potential role as
exercise-limiting factors, a correct inter-
pretation of someone’s physical capacity
and associated physical limitations is
needed. Therefore, children and adoles-
cents who have obesity and who intend
to increase their level of physical activity
should be evaluated and monitored by
physical therapists because of their
knowledge of pathology, pharmacother-
apy, and exercise physiology. Systematic
involvement of physical therapists in the
treatment of obesity in children and ado-
lescents can result in a more comprehen-
sive evaluation and improved care and
treatment of obesity at the community
level, especially in children and adoles-
cents with increased health care needs.18

In addition, multidisciplinary interven-
tions are important for addressing the
specific needs of the patient and maxi-
mizing treatment effectiveness. Unfortu-
nately, the expertise of physical thera-
pists is currently underrecognized and
underused in the prevention and treat-
ment of obesity in children and
adolescents.19

Most physical therapists are active in pri-
vate and home care (first-line) settings.
These primary health care providers are
not always adequately equipped with
clinical practice guidelines, complex or
expensive assessment tools, and treat-
ment resources for dealing with the pedi-
atric obesity epidemic.20 Therefore, it is
essential to provide guidelines on how to
execute a preparticipation screening and
increase the medical safety and effective-
ness of exercise interventions, given the
limited infrastructure and assessment
tools that are available to physical thera-
pists in private and home care settings.
In addition, to overcome limitations in
terms of equipment for evaluations,
physical therapists should collaborate

closely with institutions that or health
care providers who offer complex or
expensive evaluation methods and
should obtain access to the health infor-
mation provided by these methods.

The aim of this clinical recommendation
is to provide physical therapists in first-
line settings with a systematic, effective,
and feasible approach for prescribing
clinically effective and medically safe
exercise interventions for children and
adolescents with obesity. In this article,
children are considered to be 6 to 12
years of age, and adolescents are consid-
ered to be 12 to 18 years of age.

Recommendation
Methodology
This recommendation was developed
within AXXON (Belgian Physical Ther-
apy Association). How the preparticipa-
tion tests were selected in a systematic
manner is explained in Appendix 1.

Preparticipation tests are clinical evalua-
tions that are applied before exercise
participation with the aims of detecting
potential limitations or difficulties in
exercise participation, verifying ade-
quate medical safety of exercise partici-
pation, and evaluating health and physi-
cal activity parameters. Preparticipation
tests should be feasible (low cost and
easy to execute) in private and home
care physical therapy settings and should
be valid and reliable in children and ado-
lescents with obesity. In a first group
discussion, we decided which patient
characteristics had to be examined
before an exercise intervention. On the
basis of this discussion, we decided that
the following items and patient charac-
teristics should be screened before an
exercise intervention: medical safety,
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physical activity, weight status, body
composition, and physical fitness. After a
systematic literature search for reliable,
valid, and feasible tests and reports of the
outcomes of these tests, a group consen-
sus about which tests should be used in
private and home care physical therapy
settings was reached in 2 subsequent
meetings.

The key words used and the number of
relevant hits in the systematic literature
search are shown in Table 1. The key
words were a combination of Medical
Subjects Headings (MeSH) terms and self-
selected terms and were chosen to
include as many relevant articles as pos-
sible. A summary of how to screen chil-
dren and adolescents with obesity and
how to increase medical safety and clin-
ical benefits of exercise interventions is
shown in Appendix 2, and these pro-
cesses are explained in greater detail
later in this article. A system based on the
work of Harbour and Miller21 was
applied to define the level of evidence
and the grade of recommendation. This
grading system is further explained in
Appendix 3.

Definition of Obesity in
Children and Adolescents
According to the International Obesity
Task Force, the cutoff point for obesity
corresponds to an adult body mass index
(BMI) of 30 kg/m2.12,22 According to the
Centers for Disease Control & Preven-
tion, the threshold for obesity in children
and adolescents equals the 95th percen-
tile of the age- and sex-specific BMI in
people younger than 19 years.23,24 The
World Health Organization proposes dif-
ferent criteria for obesity in children and
adolescents: obesity is diagnosed when
the BMI is greater than 2 standard devi-
ations above the World Health Organiza-
tion growth standard median (for ages
5–19 years).3 These different criteria may
yield somewhat different thresholds for
the diagnosis of obesity, and this possi-
bility should be taken into account in
clinical practice. To maximize the spec-
ificity and sensitivity of diagnosing obe-
sity in children and adolescents, clini-
cians should consult region- and
ethnicity-specific BMI charts.25

When obesity is suspected in a child,
whether the elevation in the BMI is due
to an elevation in fat mass or fat-free mass
should be determined.26,27 In children

and adolescents with obesity, elevations
in fat-free mass are often present (due to
long-term increased muscular load dur-
ing walking, running, and cycling) along
with elevations in fat mass.28 Therefore,
different types of body tissues should be
discriminated. The BMI should be con-
sidered a triage instrument, and further
examination is warranted to examine
whole-body fat mass when a child or
adolescent is believed to be obese. In this
regard, measurement of skinfold thick-
ness, waist circumference, or both or
medical imaging techniques may be
used.27 The clinical relevance, feasibility,
and validity of these methods are dis-
cussed later in this article.

Preparticipation Screening
in Children and
Adolescents With Obesity
Before the initiation of an exercise inter-
vention in children and adolescents with
obesity, a preparticipation screening that
is feasible for physical therapists working
in private and home care settings should
be executed. This screening will contrib-
ute to the detection of potential obesity-
or exercise-related complications; the
quantification of physical activity, body
composition, endurance exercise capac-
ity, and muscle strength; and the detec-
tion of potential internal and external
barriers to exercise participation.

Medical Safety (Level of
Evidence: 2�; Grade of
Recommendation: C)
First, physical therapists should execute
a thorough medical history check,
including reporting of previous diseases,
current medical problems or symptoms,
and medication prescriptions.

Respiratory medications (antihistamines
or medications for obstructive airway
diseases) are prescribed significantly
more often in children and adolescents
with obesity.29 When these respiratory
medications are prescribed for a child,
their administration should be adjusted
according to respiratory symptoms expe-
rienced during exercise training. For
example, when asthmatic symptoms
develop during exercise, bronchodila-
tors should be administered to allow the
child to continue exercising. Adoles-

Table 1.
Key Words Used and Number of Relevant Hits in Literature Search for Preparticipation
Tests and Exercise Interventions

Item Key Words
No. of
Hits

Relevant
References

Physical activity Physical activity, assessment (limited to
“child,” “review,” and/or “practice
guideline”)

1,598 43, 44

Weight status and
body composition

Assessment, fat mass (limited to “child,”
“review,” and/or “practice guideline”)

64 24, 25, 42, 49, 51

Assessment, fat mass, validity (limited to
“child”)

46 24, 25, 42, 49, 51

Assessment, waist circumference, validity
(limited to “child”)

32 24, 25, 42, 49, 51

Endurance exercise
capacity

Assessment, physical fitness (limited to
“child,” “review,” and/or “practice
guideline”)

275 56, 57

Muscle strength Assessment, muscle strength (limited to
“child,” “review,” and/or “practice
guideline”)

55 56, 57, 60

Exercise intervention Exercise training (limited to “child,”
“review,” and/or “practice guideline”)

870 11, 12, 69, 72, 73

Physical activity (limited to “child,”
“review,” and/or “practice guideline”)

3,184 11, 12, 69, 72, 73
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cents (�12 years old) with obesity can
take medications to facilitate fat mass
reduction, such as orlistat.30 Gastrointes-
tinal symptoms, which are a common
side effect of orlistat intake, can interfere
with exercise training and therefore
should be monitored by physical thera-
pists. When side effects cause too much
interference with exercise, orlistat ther-
apy should be discontinued (in consulta-
tion with the physician).

Type 2 diabetes is observed more often
in children and adolescents with obe-
sity.13 It is treated with oral metformin
(first choice) or exogenous insulin
administration.31 However, exogenous
insulin therapy elevates the risk for hypo-
glycemia during and after exercise; met-
formin does not lead to an elevated risk
for hypoglycemic episodes. Therefore,
insulin therapy should be adjusted care-
fully to the planned exercise training (in
collaboration with the diabetes nurse or
treating physician).32 Referral to a physi-
cian is advised when changes in medica-
tion prescriptions are required.

Next, physical therapists should measure
resting heart rate and blood pressure.
Resting heart rate should be measured
(by radial artery palpation) immediately
before blood pressure is measured (rec-
ommendations for proper measurement
are provided later). Elevations in resting
heart rate in children and adolescents are
often associated with hypertension, dys-
lipidemia, impaired fasting glucose, or a
combination of these.33–35 It follows that
an elevated resting heart rate may indi-
cate accelerated atherosclerosis.35 How-
ever, heart rate is inversely related to
age. Given these circumstances, physical
therapists should consult region- and
ethnicity-specific age-adjusted reference
charts for a proper interpretation of the
resting heart rate.36

Blood pressure should be measured with
a manual sphygmomanometer (with the
correct cuff size) and stethoscope; the
child should sit comfortably for at least 5
minutes on a chair (with the back sup-
ported and the legs not crossed), and the
measured arm (always the same arm)
should be at the level of the heart (sup-
ported by the physical therapist) and
freed from all clothing. The child should

not consume caffeine-containing drinks,
smoke cigarettes, or perform exercises
for more than 30 minutes before the
assessment and should not talk during
the measurement. The cuff should be
inflated to at least 30 mm Hg above the
point at which the radial pulse disap-
pears and should be deflated at 2 to 3
mm Hg/s. Blood pressure should be mea-
sured at least twice (with averaging of
results).37 Hypertension should prompt
further attention, clinical examination,
or both, and referral (back) to a physi-
cian is advised.38 Children and adoles-
cents with obesity have a higher preva-
lence of hypertension.14 However, blood
pressure also is related to age; a young
child will have a lower blood pressure
than an adolescent. Given these circum-
stances, physical therapists should con-
sult region- and ethnicity-specific age-
adjusted reference charts for a proper
interpretation of blood pressure.39 Exer-
cise programs can have a beneficial
effect on both systolic and diastolic rest-
ing blood pressure in children with obe-
sity.40 This is why blood pressure is an
important outcome parameter.

Second, the respiratory system should be
evaluated. Childhood obesity can have
an impact on pulmonary mechanics,
appears to be linked to asthma, and
increases the risk for sleep-disordered
breathing.15 Physical therapists need to
verify the degree of ventilatory limitation
that can be present during exercise,
whether atelectasis is present, or both.
Tachypnea can alert physical therapists
to execute a thorough pulmonary system
examination, but this condition can be
diagnosed only when age-adjusted charts
are used.36 Training modalities, intake of
pulmonary medications, or both can
then be adjusted accordingly (in consul-
tation with the physician).

Third, the orthopedic system should be
examined. Children and adolescents
with obesity are at an increased risk for
the development of chronic musculo-
skeletal pain, acute musculoskeletal inju-
ries and bone fractures during vigorous
exercise, low back pain, flatfoot, Blount
disease, and a slipped capital femoral
epiphysis.4,16,17 Therefore, physical ther-
apists should perform a thorough muscu-
loskeletal examination (including visual

and tactile inspections) and should adapt
training modalities and exercise pro-
grams accordingly. In particular, changes
in exercise type (eg, walking, cycling,
and swimming) and volume or intensity
may be relevant.

Finally, psychosocial barriers or comor-
bidities should be inventoried during the
intake interview. These psychosocial
parameters can best be evaluated in con-
junction with a psychologist. Low self-
esteem and self-efficacy, lack of motiva-
tion, anxiety about exercising, and
embarrassment about exercising (out-
doors) can significantly suppress exer-
cise therapy adherence and lead to pre-
mature dropping out and should be
addressed. A negative body image, a per-
ception of being negatively judged and
verbally bullied, a perception of having
lower athletic abilities, feeling fatigued
during and after exercise, and repetitive
failure to lose fat mass are more likely to
be present in children and adolescents
with obesity and can negatively affect
adherence to exercise prescription.41,42

In addition, social support (from peers,
friends, and family) in the attempt to lose
fat mass is important.41,42

The intake interview also can include an
examination of whether environmental
and external barriers to exercise partici-
pation are present. An inadequate level
of privacy; rainy, cold, or hot weather; a
lack of resources or facilities; a lack of
safety; and the presence of inhibitory
social norms are very likely to inhibit
exercise participation in adolescents
with obesity.41,42 The behavior of peers
and other participating children and ado-
lescents is important; adolescents with
obesity are less likely to continue exer-
cising when they are bullied physically
or verbally, stereotyped, or socially
excluded.41 Additionally, a lack of knowl-
edge about the benefits of exercise train-
ing or which type of exercise is effective
for reducing fat mass can affect adher-
ence to exercise programs in children
and adolescents with obesity.41

On the basis of a thorough clinical exam-
ination, physical therapists should be suf-
ficiently aware of absolute or relative
contraindications to exercise training or
anomalies that require changes in the
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exercise program. In the following situ-
ations or conditions, children and adoles-
cents with obesity should be referred
(back) to a physician before the initiation
of an exercise intervention: untreated
or previously unknown hypertension,
severely disabling or limiting orthopedic
anomalies, severely disabling or limiting
pulmonary dysfunction, or significant
internal barriers to exercise participation
that can lead to premature dropping out
and cannot be affected by a physical ther-
apist. When less disabling or limiting pul-
monary or orthopedic disease is present
or when internal or external barriers to
exercise participation are discovered,
the exercise program should be adjusted
accordingly or the patient should be
prompted to undertake appropriate
actions.

In conclusion, during the first part of
the preparticipation screening, physical
therapists screen medication prescrip-
tions; examine the cardiovascular, respi-
ratory, and orthopedic systems; and
examine whether potential internal and
external barriers to exercise training are
present.

Physical Activity (Level of
Evidence: 1�; Grade of
Recommendation: A)
Children and adolescents with obesity
are less engaged in an active lifestyle.43 It
is important to use valid and reliable
assessment tools to measure the amount
of physical activity performed by chil-
dren and adolescents with obesity.44 Sub-
jective tools (questionnaires) are most
commonly used for the assessment of
physical activity in children and adoles-
cents with obesity because of their low
cost and feasibility. Of 61 questionnaires
that can be administered in children and
adolescents in general, none were found
to be sufficiently reliable and valid.45 Of
those questionnaires, only 7 received a
positive rating for reliability, and the
intraclass correlation coefficients ranged
from .49 to .87.45 Correlations between
accelerometry and physical activity ques-
tionnaires (construct validity) were low
in children of preschool age (up to
r�.42) but were higher in adolescents
(up to r�.77).45 Typical problems with
currently available questionnaires are
overreporting of physical activity,

greater recall bias in younger children,
lack of awareness of what exercise truly
is, inability to report exercise intensity,
and influence of self-esteem on physical
activity reporting. In addition, data spe-
cifically about the reliability and validity
of physical activity questionnaires in chil-
dren and adolescents with obesity are
scarce. Hence, objective techniques for
measuring physical activity in children
and adolescents with obesity are
preferred.

Many objective techniques and devices
for examining physical activity are cur-
rently available; they include pedome-
ters, accelerometers, load transducers,
heart rate monitors, multiple-sensor sys-
tems, and global positioning systems.44

One common limitation is that children
and adolescents (including those with
obesity) do not like to wear motion sen-
sors because of embarrassment. There-
fore, it is important to use monitors that
can be concealed but to measure long
enough to collect valid data (at least 3
consecutive days).

Pedometers are simple and relatively
inexpensive devices for objectively mea-
suring physical activity in children and
adolescents with obesity. However, mea-
surement error in these populations is
too high,44 probably because the inabil-
ity to wear pedometers in an exactly ver-
tical plane makes counting steps in a
reliable fashion difficult. In addition,
especially at lower walking speeds,
pedometers are not sufficiently reliable
and valid (�100% error for step counting
at a walking speed of 0.5 mph, compared
with observation).46 Unfortunately, chil-
dren and adolescents with obesity typi-
cally prefer to walk at lower speeds.47

Finally, pedometers cannot record upper
body or horizontal movement. There-
fore, pedometers are robust, convenient,
and cost-effective for assessing physical
activity in children and adolescents with
obesity but are less precise than other
devices.

Accelerometers are somewhat more
sophisticated physical activity monitors
and are easy to wear. The reliability and
validity of currently available accelerom-
eters for the assessment of physical activ-
ity in children and adolescents vary

greatly,44 although they are suspected to
be higher than those of pedometers (eg,
in children who are overweight, pedom-
eters have 100% error for step counting
at a walking speed of 0.5 mph, whereas
accelerometers have 24% error).46 Some
accelerometers are even capable of mea-
suring sleep quality (which may be
important for some children and adoles-
cents with obesity). No specific acceler-
ometer has been proven to have the best
validity and reliability in children and
adolescents with obesity. Triaxial accel-
erometers collect physical activity data
that are more precisely matched to
actual energy expenditure, as opposed to
uni- or dual-axial accelerometers,44 and,
therefore, are preferred in clinical prac-
tice. However, accelerometers and asso-
ciated software are more expensive than
pedometers, and the analysis of physical
activity data provided by accelerometers
may be more complex.

Heart rate monitors can provide a very
reliable and valid estimation of physical
activity because of the linear increase in
proportion to exercise intensity and
caloric expenditure, but these monitors
are limited by higher cost and discomfort
in wearing.45 Most children and adoles-
cents are reluctant to wear such moni-
tors for a few days. In addition, heart rate
monitors are less accurate in estimating
energy expenditure during low-intensity
exercises; data processing can be labori-
ous; some heart rate monitors are vulner-
able to signal interference from comput-
ers, televisions, and other heart rate
monitors; and the constant exposure to
electrodes may cause skin irritation. As a
result, heart monitors are often not
appropriate for quantifying physical
activity in children and adolescents.

During sports (and especially during
competition events), wearing some of
these physical activity monitors is not
allowed by coaches, referees, or both. In
such situations, missing data should be
taken into account during the interpreta-
tion and analysis of physical activity. If
possible, these monitors should be worn
during physical activity to obtain a
proper quantification of physical activity.

Data about the validity and reliability of
load transducers, global positioning
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systems, multiple-sensor systems, and
“wearable technology,” such as watches
and bracelets that connect to smart
phones or tablets, for the assessment of
physical activity in children and adoles-
cents with obesity are scarce.44 There-
fore, these devices are currently not
recommended for the assessment of
physical activity in children and
adolescents.

In conclusion, there is no perfect moni-
tor for measuring physical activity in chil-
dren and adolescents with obesity. How-
ever, given all of the strengths and
weaknesses of available physical activity
monitors, accelerometers are recom-
mended because they are easy to wear,
not too costly, and easy to hide from
other children; in addition, they provide
additional information, such as caloric
expenditure and exercise intensity, but
the validity of this information should be
interpreted with care in children and
adolescents with obesity. Such monitors
can be used to observe changes in phys-
ical activity levels or to aid in prescribing
physical activity increases.

Weight Status
The BMI is often used to rapidly discrim-
inate between children who have obe-
sity and those who do not have obesity,
but it cannot distinguish between lean
tissue mass and fat mass.27 However, the
relationship between the BMI and adi-
pose tissue (measured by medical imag-
ing techniques) becomes stronger as fat
mass increases in children and adoles-
cents.27 On the other hand, changes in
the BMI as a result of exercise interven-
tions can be due to changes in fat mass or
lean tissue mass. In addition, in children
and adolescents with obesity, elevations
in fat-free mass—further increasing body
weight—are often present.28 The BMI
actually reflects a composite of several
aspects of body composition and struc-
ture, including skeletal (bone) mass, skel-
etal muscle mass, organ mass, adipose
tissue mass, body fat distribution, limb
and trunk length, hydration of fat-free
mass, and stature.48 Therefore, examina-
tion techniques that discriminate
between fat mass and fat-free tissue mass
should be incorporated into the evalua-
tion of children and adolescents with
obesity. In conclusion, weight status is

most often assessed with the BMI, but
great caution in attempts to categorize
children and adolescents as lean or obese
is advised.

Body Composition (Level of
Evidence: 1�; Grade of
Recommendation: A)
Lean tissue mass and fat mass have dif-
ferent implications for health status and
the clinical management of a variety of
childhood diseases.49 Therefore, it is
important to obtain a proper determina-
tion of fat mass. Moreover, visceral fat
mass is an important contributor to the
development of type 2 diabetes and car-
diovascular disease. Therefore, it may be
important to obtain a quantification of
trunk fat mass.48

A noninvasive and probably frequently
used technique for the study of fat mass
is the skinfold thickness measurement.
Good candidates for the measurement of
extremity and trunk subcutaneous fat
deposits are triceps and subscapular
sites, whereas subscapular and abdomi-
nal skinfolds are preferred for the estima-
tion of trunk fat.50 However, skinfolds
are subject to large measurement errors
because of difficulty in obtaining a qual-
itatively good skinfold and the impact of
the experience of the examiner.27 In
addition, no correlation or poor correla-
tions between changes in fat mass (as
measured by dual-energy x-ray absorpti-
ometry) as a result of exercise interven-
tions and changes in skinfold thickness
in children and adolescents with obesity
were found.51 Therefore, the measure-
ment of skinfolds for the estimation of
changes in whole-body fat mass in chil-
dren and adolescents with obesity is cur-
rently not recommended. The recom-
mendation for physical therapists who
still intend to obtain skinfold thickness
measurements in children and adoles-
cents is that the measurements be
reported in raw form or as a standard
deviation score.52

Another feasible method for estimating
whole-body fat mass in children and ado-
lescents with obesity is measurement of
the waist circumference. However, the
addition of the waist circumference mea-
surement to the BMI calculation did not
add information about body composition

in children and adolescents with obesity
in cross-sectional evaluations.26 In addi-
tion, the waist circumference and the
BMI are equally useful for monitoring the
consequences of obesity in young
adults.53 However, more authors and
international federations now support
the use of the waist circumference or the
waist-to-hip ratio for the assessment of
fat mass in children and adolescents and
argue that such measurements may be
preferable for the classification of obe-
sity in children and adolescents.48,54

Monitoring the waist circumference may
provide a better indication of health risks
in children and adolescents with obesity
because the main concern in these
patients is central adiposity.52 In addi-
tion, the waist circumference may be an
interesting measurement for assessing
changes in fat mass during follow-up;
decreases in the waist circumference
during exercise interventions are
entirely related to reductions in fat mass
and are independent of changes in lean
tissue mass.52 These arguments and find-
ings make the waist circumference more
interesting than the BMI for monitoring
changes in fat mass as a result of inter-
ventions. The methodology used to
assess the waist circumference should be
standardized. The circumference should
be measured just above the iliac crest,
with the patient standing, bare midriff,
after the patient has exhaled, with both
feet touching and arms hanging freely.55

The nonelastic measuring tape should be
placed perpendicular to the long axis of
the body and horizontal to the floor and
applied with tension without exerting
pressure on the abdominal wall.55

The final clinically feasible and easy
method that could be considered for the
measurement of fat mass is bioelectrical
impedance analysis. This examination
should be executed after an overnight
fast of 8 to 12 hours, and conditions such
as room temperature, fluid intake, and
physical activity or exercise preceding
the examination should be standardized
rigorously.50 Many devices, including
hand-to-foot, hand-to-hand, and foot-to-
foot devices, are commercially available.
In addition, numerous prediction equa-
tions for whole-body fat mass are avail-
able. The many available options contrib-
ute to significant variations in the
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estimation of whole-body fat mass.
Unfortunately, bioelectrical impedance
analysis cannot accurately estimate
whole-body fat mass in children and ado-
lescents.56 In addition, because of the
enormous number of combinations of
devices and prediction equations, which
device and which prediction equation
are most valid, reliable, and responsive
for assessing whole-body fat mass in chil-
dren and adolescents currently remain
uncertain.56 Therefore, estimates of
whole-body fat mass by bioelectrical
impedance analysis should be inter-
preted with great caution.

In conclusion, for cross-sectional evalua-
tions of body composition in children
and adolescents with obesity, no single
rapid, noninvasive, and feasible method
with sufficient validity, reliability, and
responsiveness is currently available for
physical therapists in private and home
care settings. For cross-sectional evalua-
tions, physical therapists should consider
referring children and adolescents with
obesity to health care professionals who
or institutions that offer medical imaging
techniques such as dual-energy x-ray
absorptiometry and magnetic resonance
imaging or whole-body air displacement
plethysmography. On the other hand,
during follow-up, measurement of the
waist circumference may be preferable
for observing changes in fat mass. In this
regard, physical therapists are advised to
assess and report changes in percentile
scores for waist circumference, along
with changes in absolute values.

Physical Fitness
Endurance exercise capacity (level
of evidence: 2��; grade of recom-
mendation: B). The assessment of
endurance exercise capacity is important
because it provides feedback to physical
therapists and patients about the clinical
effectiveness of exercise interventions.
Also, greater endurance exercise capac-
ity is related to reduced cardiovascular
disease risk and better quality of life and
general health in children and adoles-
cents.57 Moreover, a high level of cardio-
respiratory fitness is inversely associated
with the incidence of overweight and
obesity in children and adolescents.58

A valid and reliable test battery—the
ALPHA (Assessing Levels of PHysical
Activity) health-related fitness test bat-
tery for children and adolescents—has
been developed.57,59 In this test battery,
2 tests are proposed for the assessment
of endurance capacity: a 20-m shuttle run
test and a 1.6-km (1-mile) walk/jog test.
The 20-m shuttle run test is more reliable
and valid for estimating peak oxygen
uptake (V̇o2peak) and is more feasible
for young people than the 1.6-km
(1-mile) walk/jog test; therefore, the
20-m shuttle run test is preferred.59

In the 20-m shuttle run test, a participant
runs back and forth in both directions on
a 20-m track marked between 2 separate
lines. The rhythm is set by means of
audio signals. The initial speed is set at
8.5 km/h, and the speed is increased by
0.5 km/h every minute. A participant
should step behind the 20-m line exactly
when he or she hears the audio signal.
The test is finished when the participant
stops because of fatigue or fails to reach
the end line concurrent with the audio
signal on 2 consecutive occasions. Aero-
bic performance is expressed by the
number of times a participant completes
the 20-m track. Physical therapists are
advised to compare outcomes with ref-
erence values from their home countries
and to observe the percentile score for
endurance exercise capacity.

In adolescents with obesity, the V̇o2peak
(as measured by ergospirometry) before
and after exercise interventions
correlates well with the outcome of the
20-m shuttle run test (r�.80–.83) before
and after exercise interventions.60 In
addition, there is an age- and sex-
independent correlation between the
outcome of the 20-m shuttle run test and
the waist circumference (r��.50,
P�.05) in children and adolescents.61

Therefore, it may be anticipated that the
20-m shuttle run test score will be signif-
icantly lower in children and adolescents
with obesity than in children and adoles-
cents without obesity.62 Although this
test has been proven to be safe, it should
be stopped in case of excessive dyspnea,
skin pallor, or dizziness.57 A disadvantage
of the 20-m shuttle run test is the need
for a sufficiently long corridor or hall.
However, considering the high validity

of this test in children and adolescents
with obesity, physical therapists are
advised to seek such infrastructure.

In conclusion, for the evaluation of
endurance capacity (prediction of
V̇o2peak) in children and adolescents
with obesity, the 20-m shuttle run test is
recommended. Physical therapists are
advised to assess and report changes in
percentile scores for endurance exercise
capacity.

Muscle strength (level of evidence:
2��; grade of recommendation: B).
Muscle strength tests can be used to
screen for muscle weakness or muscle
strength imbalance. Muscle strength is
an important component of motor skill
performance; therefore, a valid assess-
ment of muscle strength is recom-
mended for all patients.

In the ALPHA health-related fitness test
battery, the handgrip strength test is rec-
ommended for the assessment of muscle
strength in children and adolescents.57,59

The child or adolescent executes the test
in the standing position with the arm
extended downward, and the grip span
is adjusted according to the patient’s
hand size. Next, the child or adolescent
squeezes as hard as possible for 3 sec-
onds. The test is executed 2 times with
both hands. An average score is then
calculated for both hands. Consultation
of national reference values can indicate
whether handgrip strength is normal. In
the presence of an acute or chronic
injury of the arm or hand, the handgrip
strength test is no longer valid for esti-
mating whole-body muscle strength.63 In
children and adolescents with obesity, it
was observed that handgrip strength
(as well as knee extension strength)
increased with a higher BMI.64 On the
other hand, children and adolescents
with obesity often performed poorly in
strength tests that involved the child’s
own body weight (such as pull-ups).64

Another strength test that is recom-
mended for children and adolescents is
the standing broad jump test for the
assessment of lower limb explosive mus-
cle strength.63 From a starting position
immediately behind a line and standing
with feet approximately shoulder width
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apart, the child or adolescent jumps as
far as possible with the feet together.
During this jump, motion of the arms is
allowed. A nonslip hard surface, chalk,
and a tape measure are needed to per-
form the test. The result is recorded in
centimeters.63 Physical therapists can
then determine whether the jump dis-
tance is in accordance with a normal
percentile score. Children and adoles-
cents with obesity performed signifi-
cantly worse during the standing broad
jump test than their counterparts with-
out obesity.65

In conclusion, the handgrip strength test
and the standing broad jump test seem to
be valid and reliable field muscle
strength tests for children and adoles-
cents with obesity. However, test out-
comes will be significantly different
when a handgrip strength test and a
standing broad jump test are used in chil-
dren and adolescents with obesity.
Therefore, the use of both tests is recom-
mended. Physical therapists are advised
to assess and report changes in percen-
tile scores for muscle strength.

Impact and Content of
Physical Activity
Recommendations for
Children and Adolescents
With Obesity
Impact of Exercise Training or
Increase in Physical Activity in
Children and Adolescents With
Obesity
Meta-analyses have provided systemic
support for the notion that the impact of
structured regular exercise training
(endurance training, strength training, or
both) or increased physical activity,
without dietary cointervention, in chil-
dren and adolescents with obesity con-
tributes to improved insulin sensitivity
(Hedges g effect size�0.31) and glyce-
mic control (reduction of fasting insulin
level; Hedges g effect size�0.48),66 mus-
cle strength (standardized mean differ-
ence�0.63),67 and systolic blood pres-
sure (mean effect size��0.46)40 and has
a moderate positive effect on endurance
exercise capacity.68 Exercise training
thus leads to improvements in many
health parameters. Unfortunately, most
children with obesity and their parents

tend to focus on changes in body weight
only. Regular exercise training contrib-
utes to a significant decrease in the per-
centage of body fat in children and ado-
lescents with obesity.69–71 However, a
reduction in body weight as a result of
exercise is not always noticed (probably
because of the augmentation of lean tis-
sue mass).69 This result signifies the need
for discrimination between fat mass and
fat-free mass in an evaluation of the
impact of exercise training. The imple-
mentation of exercise training or
increased physical activity for the
treatment of obesity in children and ado-
lescents should be part of a multidisci-
plinary program. The greatest therapeu-
tic effectiveness is achieved and a
broader range of health parameters is
affected when multiple health care disci-
plines (physician, dietitian, psychologist,
and physical therapist) are involved in
the care of children and adolescents with
obesity.

Exercise Prescription (Level of
Evidence: 1�; Grade of
Recommendation: A)
Increased physical activity and fitness in
children and adolescents with obesity
should be achieved primarily by promot-
ing endurance exercises through partic-
ipation in organized sports activities or
daily life activities.11,12 In this regard,
practice-based exercise interventions
can be set up by physical therapists,
along with outdoor physical activity pro-
motion, to maximize the likelihood of
optimal body weight control. Further-
more, it is important to promote even
small amounts of moderately to vigor-
ously intense endurance activities as
much as possible and to reduce seden-
tary activities (television, computer, and
media time) to a maximum of 2 hours
per day. Children younger than 2 years
should not be allowed to watch televi-
sion. The recommended level of activity
(unstructured fun activity) is a minimum
of 1 hour per day. This hour can be
accumulated throughout the day. Some-
times spreading this exercise time over
the day makes it easier, more feasible,
and more enjoyable for children. Activi-
ties that involve parents or friends
should be promoted to increase exercise
therapy adherence, and enjoyable and
fun activities should be executed during

practice-based exercise interventions as
well.

The management of obesity in children
and adolescents is a long-term process
that must be sustained. To further sup-
port this process, children and adoles-
cents with obesity and their families
should be encouraged to maintain small
changes for long periods. These seem-
ingly small modifications can be highly
beneficial in the long term. Physical ther-
apists are encouraged to stay in contact
with children and adolescents with obe-
sity and their parents (especially after
practice-based exercise interventions) to
further promote physical activity and
provide feedback or assistance when
necessary.

The use of a staging model to prescribe
exercise to children and adolescents
with obesity has been proposed.12 Users
are advised to start at the lowest stage
and gradually increase the stage of care
as needed to reduce fat mass a sufficient
amount within a certain time frame
(Appendix 2). In this stage-dependent
treatment of obesity in children and ado-
lescents, physical therapists working in
private and home care settings should be
consulted in stages 2 and 3.

An individual prescription should be pro-
vided for children and adolescents with
obesity in the presence of comorbidities,
altered physiological responses to exer-
cise, or both. To adhere to this recom-
mendation, physical therapists should
execute a thorough preparticipation
screening (as described earlier). Altera-
tions in training modalities are instru-
mental for greater fat mass reduction in
children and adolescents with obesity.
Even though general recommendations
advocate an increase in the physical
activity level, a greater endurance exer-
cise volume generates a greater loss of fat
mass (level of evidence: 1�; grade of
recommendation: A).70 In this regard,
proper selection of training modalities
(instead of increased physical activity
only) is mandatory. For the generation of
a greater endurance exercise volume,
whole-body exercises involving large
muscle groups (eliciting a greater caloric
expenditure per time unit) are preferred,
and prolonged exercise or physical activ-
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ity (�1 hour) should be attempted. Phys-
ical therapists should carefully select
whole-body exercises that are feasible,
effective in terms of caloric expenditure,
and pleasant for children and adoles-
cents with obesity.

Although children and adolescents with
obesity generally have similar or
increased absolute muscle strength (ie,
their strength per kilogram of fat-free
mass is normal) relative to those without
obesity,71 strength training is indicated
in case of muscle weakness. The fear that
strength training will injure growth
plates in children and adolescents is not
supported by scientific evidence.72

Strength training leads to a reduction in
orthopedic injury incidence when chil-
dren and adolescents follow an endur-
ance training program.72 Therefore,
strength training exercises should be
incorporated into exercise programs for
children and adolescents with obesity
(level of evidence: 1�, grade of recom-
mendation: A). However, strength train-
ing should be prescribed to children and
adolescents with obesity by a qualified
health care professional only (including
physical therapists), the exercises should
be supervised to guarantee proper exe-
cution, and certain or specific devices
(that are available in private physical
therapy practices) sometimes are
required.72 In this regard, physical ther-
apists can take responsibility for making
such exercises feasible and safe for chil-
dren and adolescents with obesity.

When the availability of strengthening
devices is limited, exercises with a
child’s own body weight can be exe-
cuted. Strength training can be started
from the age of 5 years, although a child
must be able to understand the direc-
tions and be willing to cooperate.72

Child-size equipment should be selected,
and large muscle groups should be tar-
geted. It is important for children and
adolescents to learn to execute a move-
ment in the correct manner. For children
and adolescents who are untrained and
sedentary, physical therapists are advised
to start at 1 or 2 series with a limited
number of contractions (�5) at 60% of
the 1-repetition maximum.72 In this way,
children and adolescents can first learn
how to properly execute the movement,

and then the physical therapist can prog-
ress to the following strength training
modalities: 2 to 4 sets per muscle group,
6 to 12 repetitions at less than 80% of the
1-repetition maximum, and rest intervals
of 1 to 3 minutes.72 Contraction velocity
will be slow at the beginning but may
increase as the movement is properly
executed.72 Strength training exercises
should be performed 2 or 3 times per
week.72 In children and adolescents,
measuring the 1-repetition maximum
directly is allowed.72 Children and ado-
lescents should be advised to remain
physically active during the rest of the
day and to avoid additional caloric intake
after exercises. These guidelines are
especially important after swimming or
prolonged exercises because reduced
satiety levels are sometimes observed.

In conclusion, a sufficient volume of
exercise (including endurance and resis-
tance exercises) should be promoted in
children and adolescents who have obe-
sity with the aim of reducing fat mass and
improving health. Exercises should be
appealing and pleasant for children and
adolescents and should be prescribed
and supervised by educated health care
professionals.

Nutrition
For maximizing fat mass loss in children
and adolescents with obesity and for
improving the cardiovascular risk profile
(such as blood high-density lipoprotein
cholesterol, glucose, and insulin levels),
exercise training or increased physical
activity should be combined with dietary
intervention.73 However, adaptations in
nutrition for children and adolescents
with the aim of achieving normal fat
mass and body weight are dependent not
only on the severity of adiposity but also
on age and maturation stage, and some-
times comorbidities (such as diabetes)
have to be taken into account. Because
of these difficulties, we strongly advise
physical therapists to collaborate with a
dietitian, even when only advising
healthy nutrition. Physical therapists
have a responsibility to collaborate with
dietitians.

Exercise Physiology in Children
and Adolescents With Obesity
The ventilatory, cardiovascular, and met-
abolic responses to exercise can be dif-
ferent in children and adolescents with
obesity (Tab. 2). In contrast to a widely
held belief, peak cycling power output
and whole-body oxygen uptake capacity
are not reduced in adolescents with obe-
sity.74 However, a reduction in oxidative
capacity is observed when muscle mass
is taken into account.74 It follows that
muscle oxidative metabolism can be
reduced in children and adolescents
with obesity, but this reduction is not
observed at the whole-body level
because of a slightly elevated muscle
mass.

Substrate selection during exercise is dis-
turbed in children and adolescents with
obesity; they can experience a sup-
pressed lipolytic response to exercise,
lower fat oxidation capacity, or
both.75–77 One study reported increased
cardiac output during maximal exercise
testing in adolescents with obesity,78 and
another study with similar participants
reported elevated V̇o2peak/heart rate
(oxygen pulse), a parameter that is used
to estimate cardiac stroke volume.79 It
has been hypothesized that an elevated
cardiac stroke volume is probably due to
a greater oxygen need that results from a
greater fat mass.78 On the other hand,
children and adolescents with obesity
are more likely to experience chrono-
tropic incompetence, which is defined
as the inability of the heart rate to
increase in accordance with increases in
workload or exercise intensity.80,81 This
finding is clinically relevant because, to
be able to determine exercise training
intensity on the basis of heart rate, this
parameter should be assessed first. Sim-
ple formulas, such as 220 � age, from
which a fraction is taken to define exer-
cise intensity, therefore are not valid in
children and adolescents with obesity.
Moreover, the use of ratings of perceived
exertion for the determination of exer-
cise intensity may be complicated in chil-
dren and adolescents with obesity
because of a lack of motivation to exer-
cise, often derived from difficulties in
sports or exercise-related activity partic-
ipation.82 Children and adolescents with
obesity are more likely to report
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higher ratings of perceived exertion at
similar relative physiological exercise
intensities.

Ventilatory responses during maximal
endurance exercise testing in adoles-
cents with obesity versus adolescents
without obesity were examined only in 2
studies.79,83 Respiratory rate, tidal vol-
ume, ventilatory equivalent for carbon
dioxide output, and end-tidal partial car-
bon dioxide pressure were not different
in the 2 groups,83 whereas data on the
ventilatory equivalent for oxygen (indi-
cating the efficiency of ventilatory oxy-
gen uptake) and minute ventilation dur-
ing peak exercise were different in the 2
studies.79,83 Children and adolescents
with obesity are more likely to have mus-
culoskeletal pain, especially during
exercise.16,17 These symptoms can be
provoked by body-weight–carrying exer-
cises, such as walking and running, and
may be provoked less during exercises in
which body weight is partly supported,
such as cycling and swimming. It follows
that exercise tolerance can deviate
according to the type of exercise that is
being executed.

The above-mentioned anomalies are
more likely to occur in children and ado-
lescents with a higher BMI or when the
state of obesity is longer present. There-

fore, physical therapists should adapt
exercise prescriptions accordingly.

Maximizing Exercise
Therapy Adherence and
Chances for Continued
Elevated Physical Activity in
Children and Adolescents
With Obesity
The clinical benefits of exercise training
or increased physical activity will emerge
only if such a program is also monitored
for a sufficient period. Therefore, it is
important for physical therapists to be
aware of certain factors, actions, or adap-
tations that can be instrumental in the
achievement of this goal (level of evi-
dence: 3; grade of recommendation: D).

In the preparticipation screening, physi-
cal therapists should investigate poten-
tial internal and external barriers to the
initiation or continuation of exercise
training or increased physical activity.
Physical therapists should, as far as they
are able, try to partly address such issues.
However, referral to a psychologist may
be indicated when such barriers (espe-
cially internal barriers) remain present
and significantly affect therapy adher-
ence. A key regulator in changes in
behavior, such as physical activity, in
children and adolescents is self-efficacy.

Lower levels of self-efficacy are associ-
ated not only with less physical activity
but also with a reduced ability to
increase physical activity.84 Therefore,
along with prescribing exercise, physical
therapists should try to enhance self-
efficacy in children and adolescents with
obesity. This aim can be achieved by
creating a stimulating and fun environ-
ment, by setting realistic goals and taking
small steps toward these goals (with pos-
itive attention and compliments for chil-
dren and adolescents when the goals are
achieved), and by avoiding negative
attention when the goals are not
achieved. This approach will lead chil-
dren and adolescents to believe that they
can be physically active and achieve cer-
tain physical abilities.

Prescribing exercises that are fun, enjoy-
able, varied, and not too difficult can be
instrumental in further improving exer-
cise adherence in children and adoles-
cents with obesity.85,86 Moreover, envi-
ronmental factors and resources should
be taken into account or improved when
exercises are prescribed.41,42 Group
exercise training with peers could lead
to enhanced motivation to exercise.
Cooperation with parents or legal guard-
ians of children and adolescents is very
important; physical therapists should
explain why exercise training is benefi-

Table 2.
Potentially Present Anomalous Exercise Responses in Children and Adolescents With Obesity

Parameter or Item Anomaly Clinical Implication

Peak cycling power output Not reduced in absolute value but reduced when
divided by lean tissue mass

Reduced endurance exercise tolerance

Peak oxygen uptake Not reduced in absolute value but reduced when
divided by lean tissue mass

Reduced endurance exercise tolerance

Lipolysis (fat mobilization) Suppressed

Fat oxidation capacity Suppressed

Cardiac output Increased

Cardiac stroke volume Increased

Peak exercise heart rate Decreased (leading to chronotropic
incompetence)

Invalid prediction equations for estimation of exercise heart rate

Blood pressure Hypertensive response may be present

Ratings of perceived exertion Elevated at low- to moderate-intensity physical
activities, especially weight-bearing activities

Potential for significantly different ratings of perceived exertion
for weight-bearing vs non–weight-bearing exercises

Ventilatory function Equivocal findings in literature

Musculoskeletal discomfort Provoked during weight-bearing exercise (test) During weight-bearing exercises, symptoms of musculoskeletal
discomfort should be addressed
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cial for children, and parents or legal
guardians should be supportive of their
children and should realize that they are
key role models for their children.85 It
follows that parents should adhere to a
healthy lifestyle themselves to increase
the chance for prolonged participation
of their children in exercise interven-
tions. Parents or legal guardians and
physical therapists should participate in
the prescribed exercises; this approach
very likely will lead to increased cooper-
ation of children and adolescents.
Finally, it is important to regularly pro-
vide feedback on observed improve-
ments in health parameters, especially
when reductions in body weight are
smaller than expected. In this way, chil-
dren, adolescents, and parents will real-
ize that exercise interventions can be
highly effective in improving general
health, regardless of changes in body
weight.
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Appendix 1.
Methods and Steps in the Selection of Preparticipation Tests for Children and Adolescents With Obesity

Characteristics and Working Process of AXXON
All members were graduate physical therapists and participated in all group discussions and meetings. Four colleagues were active
in a private physical therapy setting (S.P., C.W., S.V.U., and D. Verleyen), 1 colleague was a PhD student (W.H.), and 2 colleagues
were associate professors at a Flemish university (D.H. and D. Vissers). No other stakeholders participated.

After a careful literature search, consensus was always reached by the group after one or more meetings. In this consensus
process, there was no influence of the sponsorship by AXXON.

Step 1: Selection of Preparticipation Tests in Private and Home Care Physical Therapy Settings Only for
Children and Adolescents with Obesity
Handled criteria: tests should be feasible in these settings; tests should be valid in these patients

The result of the first AXXON group discussion was that the following items should be assessed in the preparticipation screening
of children and adolescents with obesity: medical safety, physical activity, body composition, endurance exercise capacity,
muscle strength, and internal and external barriers to exercise participation.

Step 2: Search for Preparticipation Tests in Literature
PubMed was consulted up to October 2014 for the examination of the validity and reliability of certain tests only for children and
adolescents with obesity (�19 years old).

• Preferentially recent (published after 2005) position statements, meta-analyses, and systematic reviews were searched.

• In case of a lack of these types of publications, experimental studies (cross-sectional studies and randomized controlled trials)
were searched.

For assessment of the medical safety of exercise, current literature in which rates of prevalence of comorbidities and medication
intake in children and adolescents with obesity were reported was consulted.

(Continued)
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For physical activity assessment, the following methods were examined: questionnaires, pedometers, load transducers, heart rate
monitors, multiple-sensor systems, global positioning systems, and accelerometers.

For body composition assessment, the following methods were examined: bioelectrical impedance analysis, waist circumference,
skinfold thickness, and body mass index.

For endurance exercise capacity assessment, the following methods were examined: various shuttle run tests, various limited-
distance run or walk tests, various limited-time run or walk tests, and 1-minute jump rope test.

For muscle strength assessment, the following methods were examined: handgrip strength, trunk lift, various endurance strength
tests, and various explosive strength tests.

For the assessment of internal and external barriers to exercise participation, literature in which these barriers in children and
adolescents with obesity were examined was consulted.

Step 3: Final Selection of Preparticipation Tests
A discussion of the outcomes of the techniques and methods used for preparticipation screening in the literature took place in
the second AXXON group meeting. Further detailed examination of the literature was executed after this discussion.

A final consensus about which tests should be used in the preparticipation screening of children and adolescents with obesity
was reached in the third AXXON group meeting.

Appendix 2.
Recommendations for Preparticipation Screening and Increasing Physical Activity or Exercise Training for Children and Adolescents With
Obesity

Step 1: Execute Preparticipation Screening
Medical Safety

• Check medical history, ask about current symptoms and limitations, and record medication intake

• Check for respiratory anomalies, orthopedic injuries and limitations, and psychosocial difficulties

• Examine cardiovascular system: blood pressure and heart rate

• Examine respiratory system: ventilatory limitation, atelectasis

• Examine orthopedic system

• Check for internal and external barriers to exercise training

• Refer patient (back) to physician in case of untreated or previously unknown hypertension, severely disabling or limiting
orthopedic anomalies, severely disabling or limiting pulmonary dysfunction, or significant internal barriers to exercise
participation that can lead to premature dropping out and cannot be affected by a physical therapist

Physical Activity

• Accelerometry for at least 3 consecutive days

Weight Status

• Body mass index should be used only to diagnose obesity at entry into an intervention

Body Composition

• Medical imaging techniques (such as dual-energy x-ray absorptiometry and magnetic resonance imaging) should be used to
assess body composition at entry into an intervention; waist circumference should be measured to assess changes in adipose
tissue mass during follow-up (changes in percentile scores should be measured and reported during follow-up)

Physical Fitness

• Endurance exercise capacity should be examined with the 20-m shuttle run test (changes in percentile scores should be
measured and reported during follow-up)

(Continued)
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• Muscle strength should be examined with handgrip strength and standing broad jump tests (changes in percentile scores
should be measured and reported during follow-up)

Step 2: Apply General and Additional Exercise Training or Physical Activity Recommendations
American Academy of Pediatrics Staging System

• Stage 1

° Minimize television viewing and computer time: �2 h/d

° Unstructured fun endurance activities: �1 h/d

• Stage 2

° Minimize television viewing and computer time: �1 h/d

° Planned endurance activities: �1 h/d (under coordination of physical therapist)

• Stage 3

° Minimize television viewing and computer time: �1 h/d

° Structured exercise training under direct supervision of multidisciplinary team as often as possible

• Stage 4

° High-volume exercise training, caloric intake restriction, and weight-reducing medication in specialized multidisciplinary
center only

Additional Training Modality Adaptations and Precautions

• Maximize caloric expenditure during exercise training (prolonged exercise training, training types with high caloric
expenditure per time unit)

• Add strength training exercises

• Maintain sufficient physical activity and prevent additional caloric intake

• Chronotropic incompetence, which complicates prescription of exercise intensity, may be present

• Use of ratings of perceived exertion to determine exercise intensity is not always valid

Step 3: Increase Medical Safety During Exercise Training
• Cardiopulmonary anomalies, metabolic anomalies, or both may be present during exercise; be aware of symptoms and clinical

implications

• Orthopedic anomalies or pain can complicate prescription of exercise; be aware of symptoms and clinical implications

Step 4: Maximize Exercise Therapy Adherence
• Take observed factors and barriers from preparticipation screening into account

• Prescribe fun, low- to moderate-intensity, varied exercises

• Implement exercise training in appropriate environments and conditions

• Cooperate with parents or legal guardians

• Provide regular feedback on various parameters

• Parents or legal guardians and physical therapists should participate in exercises
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Appendix 3.
Grading System for Recommendations in the Present Guidelinea

Levels of Evidence
1�� High-quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk of bias

1� Well-conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of bias

1� Meta-analyses, systematic reviews or RCTs, or RCTs with a high risk of bias

2�� High-quality systematic reviews of case-control or cohort studies or

High-quality case-control or cohort studies with a very low risk of confounding, bias, or chance and a high probability
that the relationship is causal

2� Well-conducted case-control or cohort studies with a low risk of confounding, bias, or chance and a moderate
probability that the relationship is causal

2� Case-control or cohort studies with a high risk of confounding, bias, or chance and a significant risk that the relationship
is not causal

3 Nonanalytic studies (eg, case reports, case series)

4 Expert opinion

Grades of Recommendations
A At least one meta-analysis, systematic review, or RCT rated as 1�� and directly applicable to the target population or

A systematic review of RCTs or a body of evidence consisting principally of studies rated as 1�, directly applicable to the
target population, and demonstrating overall consistency of results

B A body of evidence including studies rated as 2��, directly applicable to the target population, and demonstrating overall
consistency of results or

Extrapolated evidence from studies rated as 1�� or 1�

C A body of evidence including studies rated as 2�, directly applicable to the target population, and demonstrating overall
consistency of results or

Extrapolated evidence from studies rated as 2��

D Evidence level 3 or 4 or

Extrapolated evidence from studies rated as 2�

a RCT�randomized controlled trial. Reprinted with permission from: Harbour R, Miller J. A new system for grading recommendations in evidence based
guidelines. BMJ. 2001;323:334–336. Copyright 2001, BMJ Group.
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