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ABSTRACT
Background: Altered body composition in children with cerebral
palsy (CP) could be due to differences in energy intake, habitual

physical activity (HPA), and sedentary time.
Objective: We investigated the longitudinal relation between
the weight-for-age z score (WZ), fat-free mass (FFM), per-

centage of body fat (%BF), and modifiable lifestyle factors

for all Gross Motor Function Classification System (GMFCS)

levels (I–V).
Design: The study was a longitudinal population-based cohort
study of children with CP who were aged 18–60 mo (364 as-

sessments in 161 children; boys: 61%; mean 6 SD recruitment

age: 2.8 6 0.9 y; GMFCS: I, 48%; II, 11%; III, 15%; IV, 11%;

and V, 15%). A deuterium dilution technique or bioelectrical

impedance analysis was used to estimate FFM, and the %BF

was calculated. Energy intake, HPA, and sedentary time were

measured with the use of a 3-d weighed food diary and accel-

erometer wear. Data were analyzed with the use of a mixed-

model analysis.
Results: Children in GMFCS group I did not differ from age- and
sex-specific reference children with typical development for weight.

Children in GMFCS group IV were lighter-for-age, and children in

GMFCS group V had a lower FFM-for-height than those in GMFCS

group I. Children in GMFCS groups II–V had a higher %BF than

that of children in GMFCS group I, with the exception of orally fed

children in GMFCS group V. The mean %BF of children with CP

classified them as overfat or obese. There was a positive association

between energy intake and FFM and also between HPA level and

FFM for children in GMFCS group I.
Conclusions: Altered body composition was evident in preschool-
age children with CP across functional capacities. Gross motor

function, feeding method, energy intake, and HPA level in GMFCS

I individuals are the strongest predictors of body composition in

children with CP between the ages of 18 and 60 mo. Am J

Clin Nutr 2017;105:369–78.

Keywords: body composition, body fat, cerebral palsy, energy
intake, fat-free mass, habitual physical activity, preschool
children, sedentary behavior

INTRODUCTION

The nutritional status and adequacy assessments in children
with cerebral palsy (CP)9 are important. Children with CP are
frequently described as having altered growth and compromised
nutritional status (1–3). Malnutrition, as indicated by short
stature, low fat stores, and low muscle mass, has been correlated
with poorer health status and decreased societal participation in
children with moderate-to-severe motor disability (4). In con-
trast, risk of overweight and obesity is an increasing concern
across the spectrum of functional impairment in children with
CP (5, 6). Obesity is of particular concern for children with CP
because of long-term health risks associated with adiposity in
general and also because of the potential for increased impair-
ment to functional mobility that is related to being obese (7, 8).
Obesity can also increase the caregiver burden and has been
linked to increased fracture rate (9).

Compared with children with typical development (TD),
children with moderate-to-severe gross motor disability have
been shown to have lower fat-free mass (FFM) (3, 10, 11) and
either a lower (3, 10) or similar (11, 12) percentage of body fat

1 Supported by the National Health and Medical Research Council

(NHMRC) (grants 465128 and 569605). SO is supported by a Children’s

Hospital Foundation PhD scholarship and an Australian Postgraduate

Scholarship. RNB is supported by the NHMRC (research fellowship

1105038).
2 Supplemental Figure 1 is available from the “Online Supporting Mate-

rial” link in the online posting of the article and from the same link in the

online table of contents at http://ajcn.nutrition.org.

*To whom correspondence should be addressed. E-mail: stinaoftedal@

gmail.com.

Received May 9, 2016. Accepted for publication November 7, 2016.

First published online January 11, 2017; doi: 10.3945/ajcn.116.137810.

9 Abbreviations used: BIA, bioelectrical impedance analysis; BMIZ, BMI-

for-age z score; BW, birth weight; CA, corrected age; CP, cerebral palsy;

cpm, counts per minute; DDS, Dysphagia Disorder Survey; DDT, deuterium

dilution technique; FFM, fat-free mass; GA, gestational age; GMFCS, Gross

Motor Function Classification System; HPA, habitual physical activity;

OPD, oropharyngeal dysphagia; TBW, total body water; TD, typical de-

velopment; WZ, weight-for-age z score; %BF, percentage of body fat.

Am J Clin Nutr 2017;105:369–78. Printed in USA. � 2017 American Society for Nutrition 369

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/article-abstract/105/2/369/4633940 by U

niversity of Q
ueensland user on 06 D

ecem
ber 2018



(%BF). In children with mild motor impairment, similar amounts
of FFM (13, 14) and either a similar (11, 14) or higher (13) %BF
have been shown compared with those of children with TD.
Compared with children with CP with moderate-to-severe motor
disability, children with mild motor disability have been shown to
have more FFM and a lower %BF (11, 15). Children with severe
motor disability who are fed via a gastrostomy tube may have
similar (11) or less (16, 17) FFM and similar (11) or higher (16,
17) amounts of body fat compared with those of children who are
fed orally.

The lack of agreement between previous studies might have
been related to changes in body composition with age because
some studies have included wider age ranges (3, 10, 13), whereas
other studies have included only the preschool-age group (11).
Differences in body-composition development over time could
be a response to a combination of modifiable lifestyle factors such
as dietary intake, both inadequate intake (18, 19) and overfeeding
(17), habitual physical activity (HPA) levels, and sedentary time
(20).

The aims of this study were to 1) investigate the longitudinal
relation between anthropometric and body-composition mea-
sures and modifiable lifestyle factors across the spectrum of
functional capacity [Gross Motor Function Classification Sys-
tem (GMFCS) levels I–V] and 2) compare anthropometric and
body-composition measures between children with GMFCS I–V
with those of age- and sex-specific reference children with TD.

METHODS

Children were recruited as part of the Queensland Cerebral
Palsy Child Study of Motor Function and Brain Development and
the Queensland Cerebral Palsy Child Study of Growth, Nutrition
and Physical Activity in Brisbane, Australia, between April 2009
andMarch 2015 (21, 22). Written informed consent was obtained
from each child’s primary caregiver, and relevant institutional
ethics were gained from relevant institutions (21, 22).

Participants

For the study of motor function and brain development, all
Queensland-born children who were diagnosed with CP and were
born between 1 January 2005 and 31 December 2009 were el-
igible for inclusion, whereas for the growth, nutrition, and
physical activity study, children who were born between 1
September 2005 and 31 December 2009 were eligible for in-
clusion (21, 22). CP was defined as a group of permanent dis-
orders of movement and posture that were attributed to
nonprogressive disturbances that occurred in the developing fetal
or infant brain (23). Children with neurodegenerative diseases
were excluded.

Children were seen at an interval of 12–18 mo from study
entry. The mean 6 SD length between assessments was 16.0 6
5.8 mo. If children entered the study at a corrected age (CA) of
18 or 24 mo or at a CA of 30 or 36 mo, they were seen at a CA
of 36 or 48 mo, respectively, for their second assessments. The
third assessment point was at a CA of 60 mo. Some children
entered the study late and had only 2 assessments (at CAs of 48
and 60 mo) or only 1 assessment (at a CA of 60 mo CA). Some
children were seen at 4 occasions because they were par-
ticipating in a substudy (24). The recruitment flowchart

(Supplemental Figure 1) outlines how the final study sample
was obtained. The final study sample consisted of 161 children
of whom 125 children (78%) participated on .1 occasion. In
total, 364 assessments were included in the analysis. A full
summary of available data is shown in Table 1. The distribution
of GMFCS levels was representative of an Australian population
with CP (24) but with a slightly higher proportion of children
who were classified as GMFCS I (36% compared with 47%,
respectively) and a lower proportion of children who were
classified as GMFCS II (25% compared with 14%, respectively)
(24). These differences were possibly due to the young age of
the study population (25). The primary motor types were bi-
lateral spasticity (n = 87), unilateral spasticity (n = 53), dyski-
nesia (n = 9), hypotonia (n = 5), and ataxia (n = 4). Although
every effort was made to collect full data sets at each appoint-
ment, the feeding assessment for oropharyngeal dysphagia
(OPD) scoring, the 3-d wear of the ActiGraph device (model
GT3M/GT33; ActiGraph), and the 3-d food diary were not
always successfully completed because of either the compliance
of the child or the time restraints of parents or caregivers.

TABLE 1

Participant recruitment numbers by age and characteristic1

Children, n

Repeated

measurements

available, n

1 2 3 4

Age recruited, mo

18–24 50 10 9 28 3

30–36 64 7 13 44 —

48 30 2 28 — —

60 17 17 — — —

Total children 161 36 50 72 3

Sex and anthropometric measures

Sex 161 — — — —

Height 161 36 50 72 3

Weight 161 36 50 72 3

Deuterium dilution measurement 92 26 32 35 2

Bioelectrical impedance analysis 66 10 18 37 1

Total body-composition data 161 36 50 72 3

Risk factors for poor growth

Gestational age 161 — — — —

Birth weight 111 — — — —

GMFCS level 161 — — — —

I 77 12 29 35 1

II 22 8 3 11 —

III 22 5 6 9 2

IV 17 8 3 6 —

V 23 3 9 11 —

Gastrostomy-tube fed 16 16 15 11 1

DDS score 146 49 51 45 1

Modifiable lifestyle factors

ActiGraph device,2 HPA and TSS 84 36 33 15 0

Energy intake 132 48 24 57 3

1Data are for the number of individual children recruited at the corre-

sponding ages with 1, 2, 3, or 4 measurement occasions completed. DDS,

Dysphagia Disorder Survey; GMFCS, Gross Motor Function Classification

System; HPA, habitual physical activity; TSS, time spent sedentary.
2Model GT3M/GT3X (ActiGraph).
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Anthropometric measures

Weight was measured to the nearest 100 g with the use of chair
scales (Seca). Height and supine length were measured to the
nearest completed millimeter with the use of a portable stadi-
ometer (Shorr Productions). If accurate measures of length or
height were not possible, height was estimated on the basis of
knee height that was measured with the use of an anthropometer
(Holtan Ltd.) and validated equations (26). If estimated height
was required for one assessment point, it was used for the child’s
other assessment points as well to allow for consistency in
comparisons. BMI (in kg/m2) was calculated as weight divided
by the square of height. Height-for-age z scores, weight-for-age
z scores (WZs), and BMI-for-age z scores (BMIZs) were iden-
tified on the basis of age and sex from CDC growth charts to
allow for comparison with age- and sex-specific reference
children with TD (27).

Body composition

Total body water (TBW) was measured with the use of either
the deuterium dilution technique (DDT) or a bioelectrical im-
pedance analysis (BIA). Detailed descriptions of the procedures
for the DDTand BIA are shown elsewhere (21). When both forms
of measurement were available, TBWwas measured with the use
of the DDT because DDT is the gold standard. Children were
given a single dose of deuterium in the form of water orally or
via a feeding tube. A single baseline urine sample was collected
before administration of the dose, and parents were asked to
collect another sample w5 h after the dose was given. Mea-
surement of the isotopic enrichment of isotopes at this time
enabled the calculation of the body water pool with the use of
standard equations (28). Impedance (V) was collected with the
use of a Bodystat 1500MDD device at 800 mA and a fixed
frequency of 50 KHz. TBW was estimated from measurements
of impedance and height or length with the use of equations that
have been validated for the young CP population (29).

FFM was determined through the division of TBW by age and
sex-specific hydration factors (30). FFM (kilograms) that was
adjusted for height in the model as opposed to the FFM index
(expressed as FFM/kg2) was used because the FFM index did not
normalize FFM for height in our population (31). Body fat was
determined by subtracting the FFM value from the total body
weight of the subject that gave the fat mass, which was con-
verted to the %BF—i.e., (fat mass O body weight) 3 100—to
account for weight differences between children (32). Age- and
sex-specific reference values for FFM (kilograms) and the %BF
were used to compare the body composition of children with CP
with that of children with TD at the age of 60 mo (33, 34).

Risk factors for poor growth and development

The motor type of CP (e.g., spastic, dystonic, or hypotonic) and
distribution (unilateral or bilateral) were determined by 2 in-
dependent physiotherapists at each assessment according to the
methods of Sanger et al. (35) and the internationally accepted
classification system of the European CP Register (36). The se-
verity of activity limitation was classified with the use of the
GMFCS (37). TheGMFCS classifies children into 1 of 5 functional
levels (I–V). Children who were classified as GMFCS I are ex-
pected to walk independently between 18 mo and 2 y of age,

whereas children who are classified as GMFCS II are not ex-
pected to be able to walk without any assistive devices until their
fourth birthday (37). Children who are classified as GMFCS III
are expected to be able to walk with an assistive device by their
fourth birthday (34). Children who are classified as GMFCS IV
may, at best, manage short distances with a walker under adult
supervision but are not necessarily expected to achieve this skill
(37). Children who are classified as GMFCS Vare not expected to
achieve any independent mobility skills (37). Gestational age
(GA) and birth weight (BW) were reported by the parents (22).
The severity of OPD was determined with the use of the Dys-
phagia Disorder Survey (DDS)–Pediatric Part 2 raw score, which
is a valid and reliable measure of dysphagia (38, 39). The survey
consists of a series of binary judgments of feeding competency on
8 ingestion functions for purees, chewable food, and fluids with a
maximum impairment raw score of 22 (40). Children who are
exclusively tube fed default to a raw score of 22 (40). The feeding
method (oral compared with gastrostomy tube) was determined
by parent report via a questionnaire.

Modifiable lifestyle factors

Energy intake (megajoules) was assessed with the use of a
validated weighted 3-d food and fluid diary as described elsewhere
(41). The 3-d average HPA [counts per minute (cpm)] and sed-
entary time as a percentage of the daywasmeasured with the use of
an ActiGraph device (model GT3M/GT3X; ActiGraph). The
ActiGraph device and cutoffs for sedentary time have been vali-
dated in the young CP population as previously described (42, 43).

Procedures

Trained researchers took anthropometric measurements, per-
formed BIA measurements, and dosed the deuterium. Anthropo-
metric and BIA measures were taken in duplicate to reduce the
chance of error. Two physiotherapists determined the GMFCS
levels of participants, and a consensus was reached (22). The DDS
score was determined by a pediatric speech pathologist via a
videotaped, standardized mealtime assessment (39). Parents were
supplied with food scales and a food diary with detailed in-
structions and weighed food and fluid intakes for 2 weekdays and 1
weekend day (41). The food diaries were analyzed with the use of
FoodWorks software (version 7; Xyris). Parents were also given an
ActiGraph device for their children to wear for 2 weekdays and 1
weekend day while completing a wear-time log (20).

Statistics

A longitudinal analysis with the use of mixed-effects linear
models was used to estimate age-related changes and to in-
vestigate the association between significant characteristics and
the outcome variables WZ, BMIZ, FFM, and the %BF. These
multilevel regression models allowed for the construction of
separate trajectories for the 5 GMFCS levels. This approach
accounted for both intraindividual variability and interindividual
variability, which led to more-precise estimates of SEs and,
thus, a greater statistical power than would have been provided by
separate analyses for the individual levels (44). The mixed-model
analysis also allowed for the inclusion of data from all available
time points regardless of the number of times a child com-
pleted the assessments. In all mixed-effects models, a child’s
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identification number was entered as a random effect, and the
covariance matrix was set to identity. Variables that were sig-
nificantly associated with the outcomes WZ, BMIZ, FFM, and
the %BF were identified. The GMFCS level (I–V) was included
as a categorical variable. We investigated the variables of sex,
DDS score, gastrostomy tube feeding, motor distribution (uni-
lateral compared with bilateral), BW (kilograms), sedentary
time (percentages), HPA (cpm), energy intake (megajoules), GA
(weeks), and the age at assessment (years). The outcome vari-
able FFM was also investigated for its relation to height (cen-
timeters). Both linear and quadratic age-at-assessment terms
were used to investigate possible nonlinear relations. All con-
tinuous variables were centered at the lowest observed variable
in the data set so as not to regress outcome variables to, for
example, a 0-kg BW or a GA of 0 wk.

Because of the large number of possible covariates, relations
between covariables and outcome variables were first analyzed
univariately and included in an additional analysis if Pwas,0.25.
Second, relations between the covariates and outcome variables
were analyzed in a model that included the GMFCS level (I–V)
and interaction terms between covariates (covariate 3 covariate)

and age-by-covariate interactions (age terms 3 covariate). Items
that were significant at P, 0.05 were retained for investigation in
the multivariable models. Third, all remaining variables and in-
teractions were included in a combined multivariable model and
were entered in a stepwise manner in the order of significance.
Variables and interactions were retained in the final model if they
remained significant at P , 0.05. All analyses were performed
with the use of Stata v13.0 software (StataCorp LP).

RESULTS

Participants

There were no differences in GA, BW, WZ, or height-for-age z
score or for the distribution of GMFCS levels, motor distribu-
tion, or sex between children who participated at only 1 time
point and those who participated at multiple time points when
their first assessments were compared (data not shown), which
indicated that there was no systematic bias in the sampling in
terms of anthropometric characteristics. Participant anthropometric
measurements, outcome measurements, and covariates were

TABLE 2

Participant characteristics by age group1

Participant characteristics

Age, mo

18–24 30–36 48 60

Sample size, n 56 99 82 127

Age, mo 22.5 6 2.62 34.5 6 3.3 48.5 6 2.5 61.7 6 2.1

Boys, n (%) 36 (64) 64 (65) 50 (61) 78 (61)

Gestational age,3 wk 34 6 6 35 6 5 35 6 5 34 6 6

Birth weight,3 g 2327 6 1146 2476 6 1095 2472 6 1073 2328 6 1120

GMFCS,4 n (%)

I 22 (39) 53 (54) 40 (49) 63 (50)

II 8 (14) 7 (7) 10 (12) 22 (17)

III 11 (20) 14 (14) 12 (15) 15 (12)

IV 5 (9) 10 (10) 7 (8) 10 (8)

V 10 (18) 15 (15) 13 (16) 16 (13)

Gastrostomy-tube fed by GMFCS,4 n (%)

III — 1 (7) — 1 (7)

IV 2 (40) 1 (10) 1 (14) —

V 5 (50) 6 (40) 7 (54) 11 (69)

DDS score 7.9 6 7.5 5.4 6 7.0 5.5 6 7.8 4.4 6 7.0

Anthropometric measures

Height, cm 83.4 6 5.0 91.5 6 4.3 100.8 6 5.0 107 6 5.7

Height-for-age z score3 20.7 6 1.6 20.4 6 1.1 20.2 6 1.2 20.4 6 1.2

Weight, kg 11.3 6 2.4 13.5 6 1.7 16.0 6 2.4 18.1 6 3.3

Weight-for-age z score3 20.6 6 1.6 20.4 6 1.2 20.2 6 1.3 20.3 6 1.5

BMI 16.3 6 1.7 16.0 6 1.5 15.7 6 1.6 15.7 6 2.0

BMI-for-age z score3 0.0 6 1.3 20.2 6 1.3 20.1 6 1.2 0.0 6 1.4

Fat-free mass 9.1 6 1.4 10.6 6 1.4 12.3 6 1.8 13.9 6 2.3

Body fat, %

Orally fed 18.6 6 0.9 20.6 6 0.7 22.0 6 0.6 21.8 6 0.6

Tube fed 22.0 6 2.4 25.1 6 2.0 31.5 6 2.4 29.0 6 1.3

Modifiable lifestyle factors

Habitual physical activity, cpm 1175 6 465 982 6 436 1007 6 583 1051 6 580

Sedentary time, % 56 6 11 59 6 15 67 6 18 66 6 17

Energy intake, MJ 3.9 6 0.9 4.3 6 1.2 4.6 6 1.1 5.3 6 1.5

1 cpm, counts per minute; DDS, Dysphagia Disorder Survey; GMFCS, Gross Motor Function Classification System.
2Mean 6 SD (all such values).
3With the use of the t test, there were no significant differences between one or multiple assessments.
4With the use of the chi-square test, there were no significant differences between one or multiple assessments.
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summarized by age group (Table 2) and GMFCS level (Table 3).
All values were transformed to baseline age using the lowest observed
participant age (1.42 y) via a mixed-model analysis to allow for
comparisons. Covariables that showed significant relations to outcome
measures at each step of the analysis process are shown in Table 4.

Weight, height, BMI, and comparison to age- and
sex-matched standards (z scores)

Weights of children who were classified as GMFCS I did not
significantly differ from those of age- and sex-matched reference
children with TD (Table 3). Only children who were classified as
GMFCS IV were significantly lighter than children who were
classified as GMFCS I (Table 3). The change in WZ between the
ages of 18 and 60 mo was nonsignificant and not different be-
tween GMFCS levels (Table 5, model B). These results in-
dicated that weight gain was similar in all GMFCS levels and
comparable with that of age- and sex-specific reference children
with TD. BW was a significant predictor of the WZ, and all

children, regardless of the GMFCS level, who were born with
low BW were significantly lighter than their peers who were
born with a higher BW (Table 5, model C). The relation between
BW and WZ was linear because the quadratic term was NS.
There was no significant difference in the BMIZ between levels
of gross motor function, and BMI-for-age was not significantly
different from that of age- and sex-matched peers with TD
(Table 3) and had a curvilinear relation with age (Table 6, model E).

FFM, fat mass, and %BF

Children with CP had, on average, 8.5 kg FFM at 18 mo of age
and gained 1.4 kg FFM/y until they were 60 mo old (Table 7,
model F). Absolute FFM (kilograms) was significantly lower for
children who were classified as GMFCS II–V than for children
who were classified as GMFCS I (Table 3). However, relative to
height, this relation remained significant only for GMFCS V
children (Table 3), and FFM-for-height did not increase by
age (Table 7, model H). Compared with age- and sex-specific

TABLE 3

GMFCS-level characteristics and comparisons regressed to baseline age (1.42 y) via a mixed-model analysis1

Value

GMFCS level (n) I (77) II (22)2 III (22)2 IV (17)2 V (23)2

Descriptor

Boys, n 52 12 20 12 13

Tube feeding, n — — — 5 11

DDS score 2.8 (2.0, 3.7)3,4 1.3 (0.3, 2.4)5 3.6 (2.5, 4.8)5 8.9 (7.4, 10.4)5 16.9 (15.6, 18.2)5

Gestational age at birth, wk 35 6 56 35 6 6 32 6 634 36 6 5 36 6 5

Birth weight, kg 2.6 6 1.1 2.2 6 1.2 1.7 6 0.8 2.4 6 1.1 2.6 6 1.1

Anthropometric measure

Weight, kg 10.8 (10.2, 11.3) 20.2 (20.8, 0.5) 20.8 (21.5, 0.02) 21.0 (22.0, 20.1)5 21.1 (22.0, 20.1)5

Weight-for-age z score 20.2 (20.5, 0.1) 20.1 (20.4, 0.2) 20.3 (20.7, 0.04) 20.7 (21.2, 20.2)5 20.4 (21.0, 0.1)

Height, cm 82.1 (81.1, 83.2) 21.5 (22.6, 20.5)5 22.8 (24.2, 21.4)5 24.1 (25.8, 22.4)5 23.2 (25.1, 21.3)

Height-for-age z score 20.1 (20.4, 0.1) 20.4 (20.6, 20.1)5 20.8 (21.1, 20.4)5 21.2 (21.6, 20.8)5 20.7 (21.1, 20.2)5

BMI, kg/m2 17.0 (16.4, 17.6) 0.1 (20.3, 0.6) 0.2 (20.4, 0.7) 0.02 (20.7, 0.7) 20.1 (20.9, 0.6)

BMI-for-age z score 0.7 (0.2, 1.3)4 0.2 (20.2, 0.5) 0.1 (20.4, 0.5) 0.1 (20.4, 0.6) 20.3 (20.8, 0.2)

Body composition

Fat-free mass, kg 9.1 (8.7, 9.6) 20.8 (21.3, 20.3)5 21.2 (21.8, 20.6)5 21.5 (22.2, 20.8)5 21.6 (22.3, 20.9)5

Fat-free mass–for-height, kg 5.7 (5.2, 6.3) 20.2 (20.7, 0.2) 20.3 (20.8, 0.1) 20.4 (20.9, 0.2) 20.6 (21.1, 20.1)5

Body fat, %

Girls, orally fed 16.8 (14.3, 19.3) 2.9 (1.0, 4.8)5 2.1 (0.2, 4.1)5 2.6 (0.3, 5.0)5 2.2 (20.2, 5.0)

Boys, orally fed, compared

with girls

22.8 (24.2, 21.4)7

Tube fed (compared with orally

fed boys and girls)

4.6 (1.9, 7.2)8

Dietary intake9

Energy intake, MJ 4.0 (3.7, 4.3) 20.1 (20.5, 0.3) 20.2 (20.6, 0.2) 20.6 (21.1, 20.03)5 21.2 (21.7, 20.8)5

Activity monitoring10

Habitual physical activity, cpm 1397 (1282, 1514) 2412 (2571, 2254)2, 11 2991 (21143, 2839)2, 11

Time spent sedentary, % 46 (42, 50) 11 (6, 16)2, 11 27 (6, 16)2, 11

1 cpm, counts per minute; DDS, Dysphagia Disorder Survey; GMFCS, Gross Motor Function Classification System.
2Values for this level are for differences from GMFCS I/GMFCS I–II unless otherwise noted.
3Mean; 95% CI in parentheses (all such values).
4 Different from zero.
5 Different from GMFCS I.
6Mean 6 SD (all such values).
7 Orally fed boys had a significantly lower percentage of body fat compared with girls in all GMFCS groups.
8 Tube-fed children had a significantly higher percentage of body fat compared with orally fed children in all GMFCS groups.
9 n for GMFCS levels: I ¼ 69; II ¼ 18; III ¼ 23; IV ¼ 12; V ¼ 24.
10 n for GMFCS levels: I–II ¼ 58; III ¼ 17; IV–V ¼ 19.
11 Different from GMFCS I–II.
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reference children with TD, boys with CP at the age of 60 mo
had FFM between the 9th and 25th percentiles (FFM: 14.1 kg;
95% CI: 13.6, 14.6 kg), and girls had FFM between the 25th and
50th percentiles (FFM: 13.5 kg; 95% CI: 12.8, 14.1 kg) (34).
When the FFM of boys and girls who were classified as GMFCS
I were assessed separately, because their height did not signifi-
cantly differ from that of age- and sex-specific reference chil-
dren (Table 3), their placements in these percentiles remained
(data not shown) (34).

Energy intake was significantly related to FFM in all GMFCS
levels, and for every additional 1 MJ consumed in excess of
1.9 MJ (i.e., the minimum observed in the sample), FFM in-
creased by a mean of 0.2 kg/MJ (95% CI: 0.1, 0.4 kg/MJ) (Table
7, model I). The range of energy intake in the population was 1.9–
9.5 MJ. The HPA level (cpm) was also significantly related to
FFM, but only for children who were classified as GMFCS I
(Table 7, model I). For each 100-cpm increase in the HPA level,

FFM increased by 0.09 kg (95% CI: 0.02, 0.2 kg) in GMFCS I
children, but not in GMFCS II, III, and V children. The range in
HPA levels for GMFCS I was 490–2560 cpm. Although no
difference was shown between GMFCS I and IV children in
regards to the effect of the HPA level on FFM (Table 7, model I),
this result needs to be interpreted with caution. The small
sample size of children who were classified as GMFCS IV with
activity data (n = 5) meant that the power to detect a significant
difference was small.

Children with CP had 17% body fat at 18mo of age and gained,
on average, 3.5%/y between 18 and 60 mo of age. There was a
curvilinear relation with age so that the %BF gain lessened
(20.5%/y) as a child approached the age of 60 mo (Table 8,
model J). Sex and feeding method were significant predictors of
the %BF (Table 3). Boys had a significantly lower %BF than did
girls (Table 3). The %BF of children who were classified as
GMFCS I was significantly lower than in all other GMFCS

TABLE 4

Univariable correlations and correlations controlled for GMFCS via a mixed-model analysis1

Univariable analysis P Adjusted for GMFCS P

Weight-for-age z score

Age at assessment 0.02 (20.03, 0.08) 0.319 0.03 (20.03, 0.08) 0.3722

Age at assessment3 0.06 (0.01, 0.1) 0.0264 0.06 (0.002, 0.1) 0.0443

Age at assessment2 20.06 (20.1, 20.004) 0.0344 20.05 (20.1, 20.001) 0.0473

Gestational age 0.07 (0.03, 0.1) ,0.001 0.06 (0.03, 0.1) ,0.0013

Gestational age3 20.01 (20.02, 20.001) 0.033 20.01 (20.01, 20.002) 0.059

Birth weight, kg 0.4 (0.2, 0.6) ,0.001 0.4 (0.2, 0.6) ,0.0012,3

Energy intake, MJ 0.04 (20.02, 0.1) 0.215 NC NC

BMI-for-age z score

Age at assessment 0.03 (20.04, 0.10) 0.382 0.02 (20.05, 0.1) 0.5392

Age at assessment3 0.1 (0.05, 0.2) 0.001 0.1 (0.04, 0.2) 0.0022,3

Sex, boys compared with girls 20.3 (20.7, 0.1) 0.121 NC NC

Birth weight, kg ,0.001 0.121 NC NC

Fat-free mass controlled for height

Age at assessment 1.4 (1.3, 1.5) ,0.0014 1.4 (1.3, 1.5) ,0.0012,3

Age at assessment3 0.1 (0.001, 0.2) 0.034 0.1 (0.01, 0.2) 0.023

Height 0.2 (0.2, 0.3) ,0.0014 0.2 (0.19, 0.24) ,0.0012,3

Sex, boys compared with girls 0.7 (0.2, 1.2) 0.0064 0.6 (0.1, 1.0) 0.0103

Motor distribution, bilateral compared with unilateral 20.42 (20.73, 20.10) 0.0094 20.31 (20.67, 0.05) 0.090

Tube feeding 20.9 (21.4, 20.3) 0.0034 20.5 (21.1, 0.05) 0.0713

Gestational age 0.1 (0.04, 0.1) ,0.0014 0.08 (0.04, 0.1) ,0.0013

Gestational age3 0.3 (0.1, 0.5) 0.014 20.01 (20.02, 20.0003) 0.0423

Birth weight, kg 0.4 (0.2, 1.0) ,0.0014 0.4 (0.2, 0.6) ,0.0013

DDS score 20.07 (20.1, 20.03) ,0.0014 20.02 (20.06, 0.03) 0.501

HPA, 100 cpm 0.1 (0.04, 0.2) 0.0014 0.04 (20.03, 0.1) 0.311

Sedentary time, % 20.03 (20.05, 20.01) 0.0034 20.003 (20.3, 0.02) 0.841

Energy intake, MJ 0.2 (0.06, 0.3) 0.0044 0.2 (0.1, 0.4) 0.0012,3

Body fat, %

Age at assessment 1.1 (0.6, 1.5) ,0.0014 1.1 (0.6, 1.6) ,0.0012,3

Age at assessment3 20.5 (21.0, 20.04) 0.0324 20.6 (21.1, 20.1) 0.0132,3

Sex, boys compared with girls 23.1 (24.7, 21.6) ,0.0014 23.0 (24.4, 21.5) ,0.0012,3

Motor distribution, bilateral compared with unilateral 1.26 (20.29, 2.82) 0.112 NC NC

Gastronomy-tube feeding 5.8 (3.5, 8.1) ,0.0014 4.9 (2.1, 7.7) 0.0012,3

DDS score 0.3 (0.1, 0.4) ,0.0014 20.1 (0.3, 0.2) 0.673

HPA, 100 cpm 20.5 (20.6, 20.2) ,0.0014 20.03 (20.3, 0.2) 0.797

Sedentary time, % 0.2 (0.1, 0.2) ,0.0014 0.002 (20.1, 0.1) 0.965

1All values are means (95% CIs). NC values were not included in the multivariable analysis because P was .0.25. cpm, counts per minute; DDS,

Dysphagia Disorder Survey; GMFCS, Gross Motor Function Classification System; HPA, Habitual Physical Activity; NC, not computed.
2 Included in the final model.
3 Variable remained significant after GMFCS level was controlled for in analysis.
4 Considered for inclusion in the multivariable analysis.
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groups except for in orally fed children who were classified as
GMFCS V (Table 3). There was no significant difference in the

%BF between children who were classified as GMFCS I and

orally fed children who were classified as GMFCS V. When the

%BF was compared with that of age- and sex-specific reference

children with TD, all orally fed children with CP, regardless of

the GMFCS level, had a %BF between the 90th and 95th per-

centiles at the age of 60 mo (Table 2), which classified them as

overfat (33). This classification remained for all GMFCS levels

when the levels were analyzed separately (data not shown).

Tube-fed children who were classified as GMFCS IV and V

had a %BF that was greater than the 95th percentile (Table 2),

which classified them as obese (33).

DISCUSSION

Altered body composition was evident from an early age in this
population of children with CP. Data showed that, on average,
children with CP at all GMFCS levels had excess amounts of
body fat and below-average FFM (kilograms) compared with
those of age- and sex-specific reference children with TD.

However, body weight and weight relative to height (BMI) were

similar to those of age- and sex-specific reference children with

TD as evidenced because the WZ and BMIZ did not differ sig-

nificantly from zero. BMI has been shown to misclassify a large

proportion of children in the CP population with moderate-to-

severe motor limitations as having adequate or insufficient body

fat stores when they have excessive body fat (45). Findings from

TABLE 5

Mixed-model analysis: WZ1

Fixed effect and GMFCS level

WZ (intercept

at 18 mo) Age,2 WZ/y

Birth weight,3 WZ/kg

birth weight

Unconditional model (model A)

I–V 20.4 (20.6, 20.2)4 0.03 (20.03, 0.08) —

Growth model by GMFCS (model B)

I 20.2 (20.5, 0.1) 0.03 (20.03, 0.08) —

II5 20.1 (20.4, 0.2) 0.03 (20.03, 0.08) —

III5 20.3 (20.7, 0.04) 0.03 (20.03, 0.08) —

IV5 20.7 (21.2, 20.2)6 0.03 (20.03, 0.08) —

V5 20.4 (21.0, 0.1) 0.03 (20.03, 0.08) —

Final growth model by GMFCS

and birth weight (model C)

I 21.0 (21.5, 20.5)4 0.03 (20.03, 0.1) 0.4 (0.2, 0.6)4

II5 0.1 (20.2, 0.5) 0.03 (20.03, 0.1) 0.4 (0.2, 0.6)4

III5 20.2 (20.7, 0.3) 0.03 (20.03, 0.1) 0.4 (0.2, 0.6)4

IV5 20.8 (21.4, 20.3)6 0.03 (20.03, 0.1) 0.4 (0.2, 0.6)4

V5 20.6 (21.2, 0.001) 0.03 (20.03, 0.1) 0.4 (0.2, 0.6)4

1 All values are means (95% CIs). GMFCS, Gross Motor Function Classification System; WZ, weight-for-age

z score.
2 Age factor = age at assessment in years – 1.42 y.
3 Birth-weight factor = birth weight in kilograms – 0.640 kg.
4 Different from zero, P , 0.05.
5 Different from GMFCS I.
6 Different from GMFCS I, P , 0.05.

TABLE 6

Mixed-model analysis: BMIZ1

Fixed effect and GMFCS level

BMI-for-age z score

(intercept at 18 mo)

Age,2 BMIZ/y

Age Age3

Unconditional model (model D)

I–V 0.4 (0-0.01, 0.74) 20.5 (20.9, 20.2)3 0.1 (0.05, 0.2)3

Growth model by GMFCS (model E)

I 0.4 (20.1, 0.8) 20.5 (20.9, 20.2)3 0.1 (0.04, 0.2)3

II4 0.2 (20.2, 0.6) 20.5 (20.9, 20.2)3 0.1 (0.04, 0.2)3

III4 0.1 (20.4, 0.5) 20.5 (20.9, 20.2)3 0.1 (0.04, 0.2)3

IV4 0.0 (20.5, 0.5) 20.5 (20.9, 20.2)3 0.1 (0.04, 0.2)3

V4 203 (20.8, 0.2) 20.5 (20.9, 20.2)3 0.1 (0.04, 0.2)3

1 All values are means (95% CIs). BMIZ, BMI-for-age z score; GMFCS, Gross Motor Function Classification System;
2Age factor = age at assessment in years – 1.42 y.
3 Different from zero, P , 0.05.
4 Different from GMFCS I.

BODY COMPOSITION IN CHILDREN WITH CP 375

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/article-abstract/105/2/369/4633940 by U

niversity of Q
ueensland user on 06 D

ecem
ber 2018



the current cohort suggest that BMI performs poorly in identifying

excess body fat stores in children with mild motor limitations.
Previous studies have identified malnutrition as being prevalent

in children with moderate-to-severe motor disability (3, 10). This

outcome was not evident in the current population studied;

rather, the current study suggests that children with CP are at

risk of overweight and obesity, which has been reported pre-

viously with the use of BMI classifications (5, 6). It is possible

that an increased awareness of risks associated with malnu-

trition and changes in the clinical management of children with

CP have led to more-prompt nutritional supplementation and,

therefore, the avoidance of malnutrition in this younger

TABLE 7

Mixed-model analysis: FFM1

Fixed effect and GMFCS level

FFM (intercept

at 18 mo), kg Age,2 FFM/y

Height,3

FFM/cm

Energy intake,4

FFM/MJ

HPA level,5

FFM/100 cpm

Unconditional model (model F)

I–V 8.5 (8.2, 8.9) 1.4 (1.3, 1.5)6 — — —

Growth model by GMFCS (model G)

I 9.1 (8.7, 9.6) 1.4 (1.3, 1.5)6 — — —

II7 20.8 (21.3, 20.3)8 1.4 (1.3, 1.5)6 — — —

III7 21.2 (21.8, 20.6)8 1.4 (1.3, 1.5)6 — — —

IV7 21.5 (22.2, 20.8)8 1.4 (1.3, 1.5)6 — — —

V7 21.6 (22.3, 20.9)8 1.4 (1.3, 1.5)6 — — —

Growth model by GMFCS and

height (model H)

I 5.7 (5.2, 6.3) 20.3 (20.6, 0.2) 0.2 (0.2, 0.3)8 — —

II7 20.2 (20.7, 0.2) 20.3 (20.6, 0.2) 0.2 (0.2, 0.3)8 — —

III7 20.3 (20.8, 0.1) 20.3 (20.6, 0.2) 0.2 (0.2, 0.3)8 — —

IV7 20.4 (20.9, 0.2) 20.3 (20.6, 0.2) 0.2 (0.2, 0.3)8 — —

V7 20.6 (21.1, 20.1)8 20.3 (20.6, 0.2) 0.2 (0.2, 0.3)8 — —

Final growth model by GMFCS,

height and HPA level (model I)

I 3.6 (2.6, 4.7) 20.6 (20.9, 20.3)6 0.3 (0.2, 0.3)6 0.2 (0.1, 0.4)6 0.09 (0.02, 0.2)6

II7 4.9 (0.4, 9.3)8 20.6 (20.9, 20.3)6 0.3 (0.2, 0.3)6 0.2 (0.1, 0.4)6 20.4 (20.3, 20.1)8

III7 2.5 (1.1, 3.8)8 20.6 (20.9, 20.3)6 0.3 (0.2, 0.3)6 0.2 (0.1, 0.4)6 20.2 (20.4, 20.1)8

IV7 1.8 (20.5, 4.2) 20.6 (20.9, 20.3)6 0.3 (0.2, 0.3)6 0.2 (0.1, 0.4)6 20.3 (20.6, 0.08)

V7 1.3 (0.1, 2.5)8 20.6 (20.9, 20.3)6 0.3 (0.2, 0.3)6 0.2 (0.1, 0.4)6 20.7 (21.0, 20.3)8

1 All values are means (95% CIs). cpm, counts per minute; FFM, fat-free mass; GMFCS, Gross Motor Function Classification System; HPA, habitual

physical activity.
2 Age factor = age at assessment in years – 1.42 y.
3 Height factor = height at assessment in centimeters – 68.3 cm.
4Megajoules factor = energy intake – 1.92 MJ.
5 HPA-level factor = cpm/100: per 100-cpm increase in HPA, FFM increased by values noted.
6 Different from zero, P , 0.05.
7 Different from GMFCS I.
8 Different from GMFCS I, P , 0.05.

TABLE 8

Mixed model analysis: %BF1

Fixed effect and GMFCS level

%BF (intercept

at 18 mo)

Age,2 %BF/y
Sex (0 = girl,

1 = boy)

Tube fed (0 = no,

1 = yes)Age Age3

Unconditional model (model J)

I–V 17.3 (14.9, 19.5) 3.5 (1.3, 5.8)3 20.5 (21.0, 20.05)3 — —

Final growth model incl. sex and

tube feeding status (model K)

I 16.8 (14.3, 19.3) 4.1 (1.8, 6.3)3 20.7 (21.1, 20.2)3 22.8 (24.2, 21.4)3 4.6 (1.9, 7.2)3

II4 2.9 (1.0, 4.8)5 4.1 (1.8, 6.3)3 20.7 (21.1, 20.2)3 22.8 (24.2, 21.4)3 4.6 (1.9, 7.2)3

III4 2.1 (0.2, 4.1)5 4.1 (1.8, 6.3)3 20.7 (21.1, 20.2)3 22.8 (24.2, 21.4)3 4.6 (1.9, 7.2)3

IV4 2.6 (0.3, 5.0)5 4.1 (1.8, 6.3)3 20.7 (21.1, 20.2)3 22.8 (24.2, 21.4)3 4.6 (1.9, 7.2)3

V4 2.2 (20.2, 5.0) 4.1 (1.8, 6.3)3 20.7 (21.1, 20.2)3 22.8 (24.2, 21.4)3 4.6 (1.9, 7.2)3

1 All values are means (95% CIs). GMFCS, Gross Motor Function Classification System; incl., including; %BF, percentage of body fat.
2 Age factor = age at assessment in years – 1.42 y.
3 Different from zero, P , 0.05.
4 Different from GMFCS I.
5 Different from GMFCS I, P , 0.05.
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population of children with CP. Additional longitudinal studies
should assess risk factors for developing excess body fat stores
in children with CP as they enter school age.

Energy intakes and HPA levels had significant relations with
body composition in this study. Increased energy intake was
associated with higher FFM, and a greater HPA level was as-
sociated with higher FFM but only in children who were clas-
sified as GMFCS I. It was not possible to say with confidence
which direction the relation between the HPA level, energy in-
take, and FFM takes. It might be a plausible hypothesis that
children who have a higher HPA level will have greater FFM and,
therefore, greater energy intake because of a higher amount of
metabolically active tissue and greater energy requirements. In a
state of energy balance, energy intake equals total energy expen-
diture (46). The weighed food diaries that were used in this study
have been validated against total energy expenditure as measured by
the gold-standard doubly labeled water technique (47). Higher en-
ergy expenditure could indicate higher activity levels, and conse-
quently, the HPA level could be a predisposing explanatory factor in
the relation between FFM and energy intake. The relation between
the HPA level and FFM was significant for GMFCS I children,
and the more active children had significantly more FFM than did
the least-active children even after energy intake was controlled for.

BW was a stronger predictor of weight status (WZ) than was
GA. This finding indicated that, along with preterm-born children,
those children who were born closer to or at term but who were
small for GA also had lower weight than did children who were
born within the normal weight range for their GA. This result is in
concordance with previous studies of non-CP populations (48, 49)
and with a recent longitudinal study of children with CP from birth
to the age of 60 mo who were born$36 wk of gestation (50). The
effect of BW on weight status remains constant between the ages
of 18 and 60 mo, indicating that children who are born pre-
maturely or small for GA do not catch up to their peers who are
born closer to term or at a GA-appropriate weight in this period. It
is common clinical practice to use the CA until the age of 2 y in
children who are born prematurely (GA ,37 wk) (51), but pre-
mature or small-for-GA infants might never catch up or only do
so at a much later age (52, 53).

A potential limitation of this study is that only 50% of children
completed the activity monitoring. Because the sample size was
fixed, post hoc power calculations were performed with sim-
plified assumptions with the use of linear regression equations
(54). In the sample size of 94 children with activity data, the SD
for FFM was 1.95 kg, the SD for HPA was 4.95 cpm, and the
partial correlation between the 2 variables was 0.10 after con-
trolling for the effects of GMFCS and height. The post hoc
analysis showed that an increase in FFM$0.11 kg for each 100-
cpm increase would have been detected with 80% power and 5%
significance. This lowest detectable difference was of a rela-
tively small magnitude, and therefore, there was low probability
that a clinically significant relation between FFM and cpm
would have gone undetected. Although the study was suffi-
ciently powered to detect overall relations, it may have been
underpowered to detect significant relations within and differ-
ences between GMFCS levels. The sample size of gastrostomy
tube–fed children in GMFCS IV was also small, which limited
the power to detect differences by feeding methods for this
GMFCS level. Strengths of the study included the longitudinal
data collection of a representative population of children with

CP and the use of measures of energy intake, sedentary time,
and OPD that were validated in the young CP population; in
addition, to ensure consistency, trained research staff carried out
assessments, took measurements, and interpreted data.

In conclusion, in this study, we identify the altered body com-
position in the form of excess body fat stores and lower FFM across
the spectrum of functional capacity in a preschool-age, population-
based sample of children with CP. The findings of the current
study need to be considered within the Australian context before
extending them to other locations, because Australia is a high-
resource country where children have access to extensive public
health services. Gross motor function, feeding method, energy
intake, and HPA level (for GMFCS I) are the strongest predictors of
body composition in the current study population. BWis a predictor
of weight status. There are differences in body composition between
GMFSC levels that are often analyzed together (i.e., GMFCS I and
II and GMFCS IVand V) as well as between gastrostomy tube– and
oral-fed children; however, the clinical significance of these dif-
ferences in body composition are still unknown. Future studies
with a larger sample size should explore these differences and
consequences in relation to health outcomes.
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