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Summary

This review addresses the impact of obesity on paediatric physical functioning
utilizing the World Health Organization International Classification of Function-
ing, Disability and Health Framework (ICF). The ICF encompasses functioning
(as it relates to all body functions and structures), activities (undertaking a
particular task) and participation (in a life situation) with disability referring to
impairments in body functions/structures, activity restrictions or participation
limitations. Electronic databases were searched for peer-reviewed studies pub-
lished in English prior to May 2009 that examined aspects of physical function-
ing in children (=18 years). Eligible studies (N =104) were ranked by design
and synthesized descriptively. Childhood obesity was found to be associated with
deficits in function, including impaired cardiorespiratory fitness and performance
of motor tasks; and there was some limited evidence of increased musculoskeletal
pain and decrements in muscle strength, gait and balance. Health-related quality
of life and the subset of physical functioning was inversely related to weight status.
However, studies investigating impacts of obesity on wider activity and partici-
pation were lacking. Further research utilizing the ICF is required to identify and
better characterize the effects of paediatric obesity on physical function, activity
and participation, thereby improving targets for intervention to reduce disability
in this population.
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Introduction

International classification of disability
and functioning

Since the 1980s there has been a sharp increase in the
prevalence of paediatric obesity with recent figures from
developed countries suggesting that, based on the Interna-
tional Obesity Task Force (IOTF) Criteria (1), approxi-
mately 6-8% of 2-18 year olds are obese (2-5). While the
cardiovascular and metabolic consequences of obesity have
been studied extensively (6,7), less attention has been paid
to investigating the impact of obesity on physical function-
ing and disability. It is becoming increasingly apparent
from the adult literature that obesity is associated with
reduced physical (8-10);
however, paediatric literature in this area is limited.

functioning and disability

Reprints will not be available from the authors.
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In an attempt to characterize the disability experience
linked to a given health condition, the World Health Orga-
nization (WHO) developed the International Classification
of Functioning, Disability and Health Framework (ICF)
(Fig. 1) (11). Within this framework, the term functioning
is a neutral concept that encompasses all physiological
body functions and structures (e.g. neuromusculoskeletal
functions, pain, etc.), activities (i.e. undertaking a part-
icular task) and participation (i.e. in a life situation). The
term disability refers to impairments in body functions/
structures, activity restrictions or participation limitations.
The functioning of an individual is the result of complex
interactions between any given health condition, body
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Figure 1 International Classification of Functioning, Disability and
Health Framework (11). Adapted with permission from the World Health
Organization, Geneva, Switzerland.

structures/functions, activity and participation, and contex-
tual factors (i.e. environmental and personal, Fig. 1). The
aim of the current review was to explore the literature
examining the impact of obesity on physical functioning/
disability in children using the ICF framework, specifically
focusing on impairments in body functions predominantly
relating to the lower limbs and activity/participation
restrictions.

Methods

A systematic search strategy (Table 1) was used to identify
literature for this review. Studies identified in the search
were classified according to the Australian National Health
and Medical Research Council Evidence Hierarchy (12)
(Table 2) as providing level 1, II, 1II-1, III-2, MI-3 or IV
evidence, whereby level I represents the highest level of
evidence (e.g. systematic reviews of level II studies such as
randomized controlled trials or prospective cohort studies)
and level IV the lowest level of evidence (e.g. case series or
cross-sectional studies). To synthesize eligible literature, a
descriptive critical analysis of studies was completed, with
key features summarized into tables (Tables 3-7).

Body functions

Lower limb muscle function

In relation to lower limb muscle function, in general the
literature indicated that obese children had similar (13-15)
or higher absolute muscle strength/power compared with
non-obese children (16,17) (Table 3), but lower relative
values (i.e. per unit body mass) (13-15,17). Almuzaini
et al. (18) found a moderate positive relationship between
absolute muscle strength and body mass index (BMI)
(r=10.58-0.69) and a weaker but significant inverse rela-
tionship between knee extensor (KE) endurance and BMI
(r=-0.34). Similarly, a longitudinal study by Armstrong
and colleagues (19) found a weak inverse relationship

between skin-folds and cycling peak power. In contrast,
Grund et al. (20) found no relationship between knee flexor
(KF)/KE strength and weight status.

The findings of higher absolute muscle strength/power in
obese compared with non-obese children in some studies
(16,17) could be explained by the constant loading of the
musculature due to a larger body mass that may impose a
‘training effect’. This premise has support from research
indicating that obese children have higher absolute fat-free
mass (FFM) (17,20). However, relative strength/power is
more important for activities which require people to move
their own body mass and while the majority of studies
indicate that relative strength/power is lower in obese
compared with non-obese children, controversy exists
regarding the most appropriate scaling method to enable
comparisons between individuals of differing body size
(21). Most authors have used ratio standards (see Table 3),
whereby strength/power is divided by some measure of
body size (e.g. mass, FFM), although this method assumes
a linear relationship between variables which is not always
the case (21,22). Consequently, some studies have used
allometric scaling (21-23), whereby strength is divided by a
measure of body size to the power of a specific scaling
exponent, although agreement around the most appropri-
ate exponent for children is lacking (17,22). Alternatively,
some studies have used a measure of body size as a cova-
riate in analyses to control statistically for any differences
(17).

When correcting muscle strength/power for FFM or
muscle cross-sectional area using ratio, allometric or cova-
riate methods, most studies have reported no differences
between obese and non-obese children (13,14,17,24)
(Table 3), although one study (20) reported that the
weakest children had the highest absolute body mass, fat
mass (FM) and FFM. This latter finding might be explained
by reduced motivation to provide a maximal effort during
strength testing in obese children compared with controls
rather than to any difference in the quality of muscle tissue.
This is supported by Blimkie ez al. (13,14) who found that
obese boys exhibited reduced motor unit activation during
maximal strength testing compared with non-obese boys
(14), despite no differences in electrically evoked KE
torques (13). Indeed, the findings of Blimkie et al. (13,14)
and studies reporting no differences in muscle strength after
normalizing for FFM (17,24) suggest that limitations in
relative strength are more likely due to reduced motivation
to express maximal strength or alternatively, to a mismatch
between muscle strength and body mass resulting from
excessive body fat (24), rather than to any difference in the
quality of muscle tissue.

However, data on the effect of weight status on lower
limb muscle function are somewhat limited by the fact that
of the eight studies identified all were classified as providing
lower quality evidence (i.e. level III-3 case—control or level
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IV cross-sectional) (13-15,17,18,20,24) except for one
prospective study which was classified as level II (19) (see
Table 3). Additionally, definitions of weight status varied
between studies with some assessing body fat or skin-
fold thicknesses (13-15,17,19) while others used BMI
(18,20,24); none applied the IOTF criteria (1). Only four
papers (13,14,19,24) considered the potential confound-
ing impact of puberty on muscle function (25) and com-
parisons between studies were complicated by differing
assessments/components of muscle function, including iso-
kinetic and isometric peak KE torque, peak isokinetic KF
torque, cycling peak power, KE endurance and electrically
evoked muscle contractile properties (Table 3). Even where
studies assessed common outcomes using the same dyna-
mometer (14,18,24), test protocols varied due to a lack of
any consensus around standardized dynamometry testing
in children (26). Nevertheless, in general the data suggest
that obese children have similar or higher absolute, but
lower relative, muscle strength compared with non-obese

children.

Field-based tests

Numerous studies have examined the impact of weight
status on health-related physical fitness and motor skill
competency, utilizing field-based tests (Table 4). Studies
which compared obese children (or combined overweight/
obese samples) with non-obese children all found that the
former performed significantly worse in tasks requiring
them to support or move their body mass (Table 4), which
agrees with the findings of a number of studies which have
reported weak to moderate inverse relationships between
measures of weight status and performance in weight-
bearing tasks (18,27-44) (Table 4). Similarly, flexibility (i.e.
sit and reach test) and coordination (i.e. plate tapping, stick
balance, etc.) were impaired in overweight/obese children
compared with controls (28,36,37,42,45-48) (Table 4).
Three studies (36,40,41) examined whether performance in
field-based tests was impacted by physical activity levels
and found that while increased physical activity levels may
be associated with improved physical performance, this did
not completely negate the detrimental effect of increased
weight status. Minck et al. (40) (level II evidence) and
Raudsepp et al. (41) (level IV evidence) used similar test
batteries, and found persistent weak to moderate inverse
relationships between physical performance and skin-folds
after controlling for moderate/vigorous activity in multi-
variate analyses. Similarly, Fogelholm and colleagues (36)
(level IV evidence) found that overweight participants per-
formed more poorly than their lean counterparts irrespec-
tive of their physical activity levels, although interestingly
they found stronger relationships between physical activity
and performance (B = 0.31-0.49) than between overweight
and physical performance (B=-0.24-0.27), suggesting

© 2009 The Authors

that a lack of physical activity may be more important than
the extent of overweight in predicting performance.

A limitation of the studies which have examined the
impact of weight status on health-related physical fitness is
that they have utilized self-report or parent-proxy methods
to assess physical activity which can be subject to bias
and reduced accuracy of recall (49,50). Additionally, most
of these studies constitute lower level evidence (levels III-3
or IV), although some utilized very large sample sizes
(28,31,32,36,37,43,45,51-54), therefore improving the
generalizability of their findings. Importantly, four pro-
spective  studies (level II evidence) were located
(37,40,44,46), two of which had relatively large samples
(>N =2900) (37,46). Almost all studies utilized BMI
(see Table 4); some reported skin-fold thicknesses
(18,28,40,41,43,44,52,55,56), whilst others only reported
weight (30,42), without normalizing for height. This is an
important limitation because height has a positive influence
on physical performance (18). Notably, most studies did
not consider the impact of puberty, which positively
impacts physical performance in both boys (r = 0.56-0.73)
and girls (r = 0.24-0.46) (25), although the relationship is
weaker in girls. Despite these various limitations, the study
findings are relatively consistent, but further research uti-
lizing objective methods appears warranted.

Cardiorespiratory fitness

Studies which have examined cardiorespiratory fitness
(CRF) and weight status in children suggest that it is
unlikely that obese children have impaired absolute CREF,
although some decrements may be present in severely obese
adolescents (57,58). However, CRF relative to body mass is
impaired and this is related to activity restrictions in walk/
run performance, but the link between relative CRF and
real-life participation restrictions remains unexplored.
Studies examining CRF and weight status in children
were classified as either level III-3 or IV evidence, with the
exception of one prospective study (40) (level II evidence)
(Table 5). Maximal (VOima) or peak (VOipek) oxygen
uptake were most commonly investigated (Table 5).
However, many studies utilized submaximal testing proto-
cols to predict VOamay, which is less precise than direct
measurement (59). Even where studies undertook maximal
fitness testing, no consistent testing protocols or criteria for
defining what constituted a valid maximal test were used
(57,58,60-66). Furthermore, some studies used proxy mea-
sures of CRF such as endurance time, work performed,
oxygen deficit and heart rate during submaximal exercise
(Table 5), making it difficult to draw direct comparisons
between findings. As with muscle function, controversy
exists regarding correction for body size when evaluating
impairments in CRE For the most part, studies have used
ratio standards, although allometric modelling (40,65) and
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statistically controlling for FFM/height (58,61,67) or
other body size-independent outcomes have also been
used (Table 5). Other limitations have included the use of
varying definitions of weight status, proxy measures of
fatness and failure to assess pubertal development.

Despite the aforementioned limitations, moderate to
strong inverse relationships between relative VOaua (per
kilogram of body mass) and weight status were consistently
reported indicating that fitness relative to body mass
declines with increasing weight/BMI/fat (r=-0.49 to
-0.843) (20,40,62,65,68,69) (Table 5). In contrast, when
examining absolute VOyn, (in litres per minute), most
studies reported a positive relationship with weight status,
indicating that absolute VOjm.x increased with weight
status (r = 0.55-0.72) (61,68,69). Conversely, one prospec-
tive study (40) reported that absolute VOapu.. decreased
with increasing skin-fold thickness (r = —0.4), although two
of the four measurement points in this study occurred
during adulthood. Similarly, Zanconato et al. (70) pro-
vided some evidence of a relationship between absolute
VOamax and per cent overweight (r = —0.3), but this was not
statistically significant, suggesting they were underpowered
due to a small sample size (N = 60).

Many studies seeking to determine the effects of paedi-
atric obesity on CRF have compared differences between
obese and non-obese children. This research suggests that
obese children have at least similar, and more often, higher
absolute VO, compared with their lean counterparts
(20,57,58,60-66,70-76) (Table 5).
greater absolute VO, it has been consistently found that

However, despite a

relative VOomax (per kilogram of body mass) is lower in
obese compared with non-obese children (20,48,61-
66,68,70-73,76,77) (Table 5). Studies have also normal-
ized VOimax per kilogram of FFM, and in most cases have
found no difference between obese and non-obese partici-
pants (20,60-64,72,75) (Table 5), suggesting that the
higher absolute VO,.x in obesity is most likely a function
of the greater FFM. However, Drinkard et al. (57) found
that VOapeak per kilogram of FFM was impaired by 25% in
severely obese compared with non-obese adolescents, and
Norman et al. (58) found that VOj. remained lower in
severely obese adolescents compared with controls despite
controlling for differences in FFM. It is unclear why there
are discrepancies in the literature, but the majority of
studies in this area support the proposition that the quality
of FEM in terms of its ability to utilize oxygen does not
differ between obese and non-obese children and the dif-
ferences in both absolute and relative VO pax 0r VOopeak are
due to differences in the quantities of FFM and body fat
present.

As a result of the ongoing debate around normalization
of CRF for body size, a number of authors have attempted
to utilize measures of CRF that are independent of body
size. For example, Reybrouck et al. (78) concluded that

obese participants had reduced exercise capacity based on
measurements of ventilatory threshold, which is proposed
to represent the maximal aerobic exercise intensity that can
be sustained for a prolonged period (79). In addition,
Norman and colleagues (58) examined oxygen consump-
tion during unloaded cycling (ULVO,), expressed as a
percentage of VO and found that obese participants
utilized a higher proportion of their cardiorespiratory
reserve during unloaded cycling compared with non-obese
participants. A similar study (80), which investigated the
effect of obesity on VO, reserve (VOamax — ULVOy), found
that in lean children, VO, increased whilst ULVO,
remained unchanged with increasing weight, resulting in an
increase in VO, reserve, whilst in obese children VO,
reserve remained unchanged with increasing weight, due
to parallel increases in VO and ULVO,. The findings
of these studies (58,80) appear to reflect the inefficiencies
associated with additional lower limb fat tissue mass
impacting on the energy cost of unloaded cycle exercise and
indicate a progressive reduction in efficiency with increas-
ing FM. Despite this, there are no widely accepted size-
independent measures of CRE, so relative VOjmax remains
the most commonly reported indicator of CRF in both
obese and non-obese populations.

There is evidence that engaging in moderate/vigorous
physical activity increases CRF (81). Whilst a number of
studies investigating weight status and CRF have also
assessed physical activity levels, only one study (40) statis-
tically corrected for physical activity levels, finding an
inverse relationship between relative VO,.x and adiposity
(r=-0.2), suggesting that physical activity does not com-
pletely moderate the relationship between adiposity and
CRE

A small number of studies have examined the relation-
ship between CRF and the ability, or inability, to undertake
specific activities (i.e. activity restriction). Norman and
colleagues (58) found that ULVO, (expressed as a per-
centage VOama) was inversely related to walk/run distance
(r=-0.98) in severely obese adolescents. Similarly, VOopeax
was related to walk/run capacity (r=0.19-0.72) (58,82).
However, no studies controlled for height which is posi-
tively related to physical performance (r = 0.45) (83).

Musculoskeletal pain

It has been proposed that obese children experience more
musculoskeletal (MS) pain than healthy-weight children
as a result of the increased loading and/or biomechanical
deviations due to excessive FM. Such loading may be par-
ticularly detrimental during the periods of rapid growth
and development that occur in childhood (84). While there
is some evidence to suggest that obese children experience
a higher prevalence of pain compared with non-obese chil-
dren, the evidence is limited, and has not examined whether
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the higher pain prevalence in obese children is associated
with activity and participation restrictions.

Cross-sectional (level IV evidence) and longitudinal
studies (level IT evidence) have investigated the relationship
between MS pain and weight status in children and ado-
lescents (Table 6). Most cross-sectional studies used large
sample sizes (~1000 to ~7500), which strengthens the
generalizability of their findings, and the vast majority of
studies investigated low back pain (85-97), with few exam-
ining overall MS pain (90,98-102). Thus, there is a paucity
of evidence on which to base conclusions about weight
status and any impact on lower limb or other forms of MS
pain, other than low back pain.

Most pain research in children and adolescents has uti-
lized self-report questionnaires, often containing only one
or two specific questions about pain (Table 6). All of the
literature has examined the presence of pain (prevalence
or incidence), with few studies examining other aspects
of pain such as intensity (86,90,95), frequency
(85,90,95,99,102,103), or recurrence of episodes (91,97)
and none have investigated the qualitative affective/
emotional pain experience. Pain intensity assessments are
particularly relevant in children and adolescents as higher
intensity pain has been linked to functional limitations in
the general paediatric literature (104-106). The pain recall
periods used by authors to assess pain intensity have ranged
from point assessments to lifetime prevalence/incidence
despite evidence that the pain recall period used can influ-
ence the outcome. Whilst 72-83% of 3-17 year olds can
accurately recall painful events after 1 and 6 weeks
(107,108), accuracy declines to only 65% after 12 months
(109). Accuracy of recall also appears to differ between
pain modalities, with recall being better for acute than
chronic pain (110). Thus, interpretation of pain outcomes
in children should take account of the modality of the pain
(acute or chronic) and the pain recall period.

Only five studies (Level III-3 and IV evidence) have spe-
cifically examined MS pain in obese children (98-102),
reporting higher pain prevalence compared with non-obese
children. Authors have found that obese children are
approximately two to four times more likely to experience
MS pain  compared with healthy-weight children
(98,101,102) (Table 6), although Wake et al. (102) only
found this to be the case in obese boys. In contrast,
Podeszwa et al. (100) only found a higher pain prevalence
in obese girls and older children (=11 years) when com-
pared with normative reference data. De Sa Pinto et al. (99)
found that obese children had double the prevalence of
lower extremity pain compared to non-obese children.
Notably, all studies were methodologically limited, with
Taylor etal. (101) assessing pain retrospectively from
medical charts and, like others, relying on poorly defined
‘physical examinations’ (98,99,101). Two studies used vali-
dated questionnaires (100,102), although one of these (100)

© 2009 The Authors

only included children presenting to their orthopaedic clinic
which is a likely source of bias. The other study (102) used
the Child Health Questionnaire which only included one
question evaluating pain frequency, hence offering limited
insight into the pain experienced by children. Interestingly,
some studies (95,96) reported biomechanical deviations in
obese participants including knee recurvatum and valgus
(100,101) which supports the hypothesis that obesity may
induce biomechanical deviations which predispose to pain.
Similarly, Gushue et al. (111) found that obese children had
increased knee abduction moments during locomotion
when compared with their lean counterparts, which could
lead to overloading of the medial joint compartment, poten-
tially causing progressive damage which would predispose
the child to future pain development.

The majority of studies in this area examined back pain
in general paediatric populations and found no relationship
between weight status and low back pain (85-88,91-
93,96,103,112). In particular, four prospective studies
found that child/adolescent BMI did not predict low back
pain incidence (85,96,97,112), although one of these
studies (85) did find that adolescents with back pain were
heavier, but they were also taller, hence the lack of relation-
ship with BMI. Only one of these four studies (97) defined
the weight status of participants as either overweight, obese
or healthy and found no relationship between back pain
and weight status, but the defined BMI cut-offs were lower
than current IOTF definitions, meaning healthy-weight
children would have been classified as overweight and over-
weight children would have been classified as obese. In
contrast, some studies have reported that BMI is higher
in participants with back pain (89,90,95), but their
cross-sectional designs do not make it possible to establish
whether the back pain was caused by a higher BMI, or
whether having pain limited activity resulted in a higher
BMI. In the remaining literature, it is unclear if obese
children were included. Furthermore, even though some
studies attempted to categorize weight status using BMI,
without more accurate assessments of adiposity it will not
be possible to determine whether a certain level of excess
FM is associated with increased MS pain.

In summary, more research is needed to specifically
examine the relationship between obesity and overall MS
pain and in particular, lower limb pain, utilizing valid,
multidimensional pain assessment tools that incorporate
assessments of pain intensity and its relationship to func-
tional limitations. There is an urgent need for research
examining whether MS pain is associated with activity and
participation restrictions in obese children.

Balance and gait

It has been postulated that obesity may be associated with
instability, deviations and inefficiencies in gait and balance

Journal compilation © 2009 International Association for the Study of Obesity. obesity reviews
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(113,114), and in general this is supported by the literature.
Twelve eligible studies examined the impact of weight
status/obesity on gait and postural control, consisting of
level TI-3 and IV evidence, involving very small samples
of obese and lean children (N =26) in all but one
study (N =128) (115) (Table 7). Postural stability has been
assessed both statically (e.g. bipedal stance) and dynami-
cally (e.g. unstable weight-bearing surface). While motion
analysis and force platforms have been used by some
authors to assess balance and gait (66,111,113,116-119)
(Table 7), most research has used field-based balance
assessments such as the Flamingo Balance Test from the
Eurofit Test Battery (120). Although studies using field-
based assessments have typically involved large samples
which increases generalizability (Table 4), they do not
provide insight into medio-lateral vs. antero-posterior
restrictions in postural control that are afforded by studies
using force platforms.

The majority of evidence suggests that postural stability,
in particular dynamic stability, may be impacted negatively
by obesity and/or increasing weight status in children
(Tables 4 and 7). Colne et al. (113) reported that under
static conditions postural sway was greater in obese com-
pared with lean children. In contrast, Goulding et al. (121)
reported no decrement in static balance in obese children,
although their comparative non-obese sample included
overweight children which may have attenuated any dif-
ferences between obese and lean participants. However,
in terms of dynamic stability, most research agrees that
obesity and/or increasing weight status has a negative
impact, particularly under novel/unfamiliar conditions
(30,52,113,115,117,121) (Tables 4 and 7), with the excep-
tion of one study (41) utilizing the Flamingo Balance
Test. Force-plate studies have reported impaired antero-
posterior and medio-lateral balance (113,117), particularly
when visual feedback has been compromised, suggesting
that obese children may be very dependent on visual feed-
back to maintain balance (117). Whether the impaired
balance in obese children is mediated in any way by physi-
cal activity levels is not clear. Intuitively, one may expect
that increased muscle strength associated with physical
activity might assist in maintaining balance. However, even
though Goulding et al. (121) found impaired dynamic sta-
bility in obese children, there were no differences in their
self-reported physical activity compared with controls.

Dynamic balance is important in terms of its contribu-
tion to gait and impairments in gait have been reported in
children with obesity (level III-3 and IV evidence, Table 7).
Multiple studies have reported kinematic (i.e. spatiotempo-
ral) deviations in gait in obese children (113,116-119),
with some authors interpreting this as a ‘slowing effect’
while others have attributed it to poor dynamic stability
(i.e. poor dynamic balance) (113). The deviations in gait
observed include: slower self-selected walking speeds,

shorter swing phase, longer stance phase, reduced single
limb support time, greater stride width and reduced step
length and frequency (113,117-119,122). There is also
evidence of overall gait asymmetry and variability in knee
kinetics (111,118,119) which would reduce efficiency,
despite altered hip kinetics which might attenuate some of
this efficiency loss (116). However, the alteration in hip
kinetics does not appear to completely balance the loss of
efficiency due to overall gait asymmetry and variability in
knee kinetics, as obese children have been shown to expend
more energy than lean children when walking at faster
speeds (66,123,124).

In summary, there is evidence to support the presence of
balance and gait deviations in obese children; however,
studies are few and draw findings from very small samples.
Furthermore, the potential confounding impact of physical
activity levels has not been addressed in any of these
studies. Whilst gait analysis is informative, it must be
remembered that the conditions under which it is per-
formed are not necessarily reflective of everyday life, and
clinical gait analysis may not reflect true functional mobil-
ity. These questions would be addressed by studies exam-
ining whether decrements in balance or gait translate into
real-life functional limitations, but these studies are lacking
in the current literature.

Obesity and activity/participation limitations

While obesity is associated with multiple impairments in
body functions, it is important to examine the effect of
these impairments on activity (ability to undertake a spe-
cific task) and participation (engagement in a real-life situ-
ation), as these may impact on quality of life. Activity and
participation may be further qualified in terms of capacity
(i.e. ability to execute a task in a uniform or controlled
environment) and performance (i.e. what the person actu-
ally does in real-life situations), with the gap between
capacity and performance potentially reflecting the impact
of, or interaction with, environmental factors (125).

Activity restriction

Much of the research using field-based fitness tests (see
Table 4) has examined the capacity to perform specific
activities. However, many tasks within field-based test bat-
teries are highly specific (e.g. plate tapping, standing long
jump, etc.) and are not representative of common daily
activities undertaken by children. Nevertheless, in assess-
ments of walk/run activities, which are representative of
daily tasks, obese children exhibit capacity restrictions
(see Table 4 and reference (58)), which is not surprising,
given the additional mass they are required to move. For
example, Norman et al. (58) found that severely obese
adolescents covered 42% less distance than non-obese
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children during a 12-min walk/run test. Riddiford-Harland
et al. (126) also found that obese children had restrictions
when moving from sit to stand, with 69% of children
needing external assistance to complete the task. However,
the seat height was very low (25% of participant stature)
and it is not clear whether obese children have difficulty
getting up from a more conventional height chair. While
these studies provide evidence of difficulty in performing
some basic daily activities, evidence relating to the effects of
child obesity on the performance of other common func-
tional daily tasks is lacking.

Participation limitations

There is a distinct lack of available research specifically
examining participation limitations in obese children (i.e.
within meaningful life situations). Whilst a large body of
literature has examined physical activity behaviours in
obese children, physical activity only represents a very
small proportion of what a child does during their day and
therefore such studies are not reflective of overall part-
icipation restrictions. In contrast, studies investigating
health-related quality of life (HRQOL) (defined as physical,
mental and social well-being related to a health condition
(127)) have examined multiple components of activity
and participation (128) and, to a much lesser extent, body
functions. A review investigating the impact of weight
status on HRQOL in children has already been published
by the authors (129) and indicated that, in general, greater
weight is associated with lower HRQOL. More specifically,
there were strong inverse relationships between overall
HRQOL and BMI and between physical functioning and
BMI, with the physical function domain of HRQOL
including assessments of engagement in activities of daily
living. Other studies have also confirmed that obese indi-
viduals have impaired HRQOL and physical functioning
compared with their lean counterparts (130,131), and that
overall HRQOL and physical functioning are likely to
improve with weight loss (132,133). It is worth noting that

L™, which is

the physical functioning subset of the PedsQ
the most commonly used paediatric HRQOL instrument,
assesses a limited range of life areas and activities, therefore
providing minimal insight into activity and participation
restrictions in children with obesity.

Conclusion

It is apparent from the literature that, even in childhood,
obesity is accompanied by functional impairments such as
decrements in CRF relative to body mass and deficits in
performance of body mass-dependent motor tasks (i.e.
components of field-based fitness tests). A small number of
studies reported a higher prevalence of MS pain in obese
children although there was no evidence of low back pain

© 2009 The Authors

associated with paediatric obesity. Impairments in knee
strength relative to body mass and gait deviations have also
been reported in obese children, but such findings are based
on a limited number of studies with small sample sizes.

Obesity is also associated with activity restrictions and
the literature indicates a negative impact on walk/run
capacity, although impacts on other common daily activi-
ties are unclear. HRQOL studies suggest that increasing
weight status is associated with poorer real-life physical
functioning. However, HRQOL tools only provide limited
insight; hence broader impacts on participation and func-
tioning are not known.

Perhaps most importantly, those studies which have
examined the effect of obesity on impairment have failed to
investigate whether impairments in body functions trans-
late into activity/participation restrictions; a flaw most
likely related to a lack of consideration of the ICF frame-
work. Future research should utilize international classifi-
cations of BMI to facilitate comparisons between studies,
and endeavour to assess activity and participation restric-
tions, particularly within the context of the ICF frame-
work, rather than just examining engagement in physical
activity. This will provide a more meaningful evaluation of
the effects of obesity on activity/participation. In particular,
it is important to consider the impact of obesity on specific
impairments in activity and participation as this may
provide targets for clinical intervention to improve func-
tioning in the short term whilst the more difficult and
longer-term task of weight management is undertaken.
Furthermore, by intervening in childhood, there may be an
opportunity to improve functioning and disability before
the onset of obesity-related degenerative MS changes that
are prevalent in obese adults.
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