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Background & aims: Accurate energy intake (EI) determination in children with cerebral palsy (CP) is
critical for nutritional management, however no valid measures exist. We aimed to validate a modified
three-day weighed food record for measuring EI in preschool-aged children with CP.
Methods: Thirty-one children with CP (61% male) of all functional abilities and 15 typically developing
children (TDC) (63% male), median age 3.79 years participated. A three-day weighed food record was
validated by comparing reported EI to measured total energy expenditure (TEE) via doubly labelled
water, assuming a state of weight balance.
Results: ChildrenwithmoderateesevereCP showednodifferencebetweenEI andTEE. Values forEIwere less
thanTEE in childrenwithmild CPandTDC (p< 0.01, limits of agreement�2559 to845kJ and�2524 to 350kJ
respectively). Themean difference betweenEI andTEE as a percentage ofmeasured TEEwas 14.8% (mild CP),
4.3% (moderateesevere CP) and 16.8% (TDC), all less than data detailing typical within-subject variability in
day-to-day EI.
Conclusions: In contrast to previous literature, results demonstrated that a modified three-day weighed
food record accurately measured EI in preschool-aged childrenwith CP. This record can be used in clinical
practice and future research to accurately determine EI in this population.

� 2012 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Cerebral palsy (CP) remains the most common cause of physical
disability in childhood, occurring in between 2 and 3 infants per
1000 live births in industrialised nations.1 Children with CP often
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grow differently compared to their typically developing peers in
terms of both height and weight, and it has been reported that
a significant contributor to this altered growth is poor nutritional
status, due to inadequate dietary intake.2 Consequently, measure-
ment and quantification of energy intake (EI) are essential for
appropriate nutritional management, and can assist in determining
causes and contributors of both under and over nutrition. Accurate
assessment of EI should also be a priority when investigating
relationships between diet, total energy expenditure (TEE), nutri-
tional status and other parameters of interest such as health
outcomes. This ensures that any conclusions drawn are meaningful,
reliable and valid.

In a state of weight balance, an individual’s TEE is equivalent to
their EI.3 The doubly labelled water (DLW) technique is a gold
standard measure that can be used to estimate TEE in children in
free-living conditions.4,5 Use of the DLW method allows for re-
ported EI to be compared to an accurate reference standard, hence
is the desired approach to use when validating dietary assessment
methods.6 Only one previous study has investigated the validity of
a three-day weighed food record in this manner in a population of
utrition and Metabolism. All rights reserved.
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children with CP.7 In this study, significant overestimations of EI
(44e54%) in a group of 32 childrenwith severe spastic quadriplegic
CP aged between 2 and 18 years were reported by Stallings et al.7 A
difference of only 2% between EI and TEE in the control group
indicated accurate reporting. Considerable feeding difficulties in
the children with CP and resultant food loss were hypothesised to
have contributed to these findings.7 These conclusions reinforce
that food records are a valid tool for determining EI in typically
developing children (TDC), but their use in a population of children
with CP is questionable.

The aim of the current study was to validate the use of a modi-
fied three-day weighed food record for measuring EI in a pop-
ulation of young children with CP. This will have important
implications when determining the EI of this group.

2. Materials and methods

2.1. Participants

Children living in the community in the state of Queensland,
Australia were invited to participate. Childrenwere included if they
had a diagnosis of CP, were aged between 35 and 54 months
(chronological age), were of any functional ability level, and were
living in Queensland, Australia. Participants were excluded if they
had a progressive or neurodegenerative lesion, or a chromosomal
or genetic abnormality known to impact on growth, energy
expenditure or body composition. Typically developing children in
the same age range residing in Queensland, Australia, were also
invited to participate. Children were excluded if they had any
conditions or were taking any medications that altered energy
metabolism or body composition. Written, informed consent was
obtained from parents or legal guardians of the children.
Appointments were at the Royal Children’s Hospital, Brisbane,
Australia, or the closest outreach hub location. The same study
team visited the nine geographic locations throughout Queensland
to collect data.

2.2. Anthropometry

Measurements were conducted by one of three trained dieti-
tians. Weight was measured to the nearest 100 g on portable
electronic scales (Homemaker Ltd, Australia). If the child could not
stand on their own, they were weighed together with a parent on
the scales. The parent was thenweighed separately and this weight
subtracted from the combined weight to obtain a value for the
child. Height or length (if the child was unable to stand) was
measured to the last completedmillimetre using a portable manual
length measuring board (Shorr Productions, Maryland, USA). Knee
height, measured to the last completed millimetre with an
anthropometer (Holtain Ltd, Dyfed, UK), was used as a proxy
measure for height in children where a direct measure was not
possible, using validated equations developed previously from
a population of children with CP.8

2.3. Functional ability

The gross motor ability of each child was determined by two
research physiotherapists using the Gross Motor Function Classifi-
cation System (GMFCS), an internationally accepted and validated
measure.9,10 The GMFCS classifies children with CP on the basis of
gross motor functional abilities and limitations, and includes five
levels: I (includes children who are most able) to V (children who
are least able), and four age bands (less than 2 years old, from 2 to 4
years, from 2 to 6 years and from 6 to 12 years). The five levels
represent differences in gross motor function that are thought to be
meaningful in the daily lives of childrenwith CP, such as locomotion,
sitting ability and balance. The age bands allow for age-related
differences in gross motor function.11 Children were classified into
one of five functional categories, which was then condensed into
two groups to described outcomes based on the severity of impair-
ment: children with mild CP (GMFCS I and II e ambulant), and
children with moderate to severe CP (GMFCS IIIeV e marginally-
ambulant and non-ambulant).

2.4. Energy intake assessment

Parents completed a three-day weighed food record for their
child, detailing all food and fluids consumed over two weekdays
and one weekend day.12 They were provided with kitchen scales
accurate to 0.1 g and a paper-based three-day food record.13 The
record was adapted by a dietitian specifically for the study, and
parents were asked to record foods and fluids offered as well as
leftovers and spills (including vomiting and regurgitation) to
obtain specific amounts actually consumed by their child. This was
done to ensure more accurate results that accounted for any
feeding difficulties. Parents were also encouraged to include the
brand names of foods and fluids, any recipes used, and provide
details on cooking method. Parents were required to complete the
food diary within the 10 day time frame for the measurement of
TEE. Food records were coded and analysed by one research die-
titian using the Foodworks� dietary analysis software (Xyris
Software, Australia 2009). Any inconsistencies in records were
checked extensively with parents via telephone before analysis.
Final calculations of mean EI (kJ/day) for each child was weighted
according to the days recorded. The two weekdays had a signifi-
cantly greater impact upon the mean EI value when compared to
the one weekend day, due to the fact that they represent 5/7 of
a weekly EI value.

2.5. Intra-rater reliability

A random sample of 10 children (two from each Gross Motor
Function Classification System (GMFCS) level) was chosen to
determine inter-rater reliability of analysis of food records. The one
rater coded and analysed each food diary on two separate occa-
sions, with the time frame between first and second analysis of
a food diary being seven months to 2 years. The agreement
between the weighted EI values from the first and second occasions
were compared using Bland and Altman analyses.

2.6. Total energy expenditure

The DLW technique was used to measure TEE. Each child was
required to consume a loading dose of deuterium and oxygen-18
in the form of water, dependent on body weight (1.25 g/kg of
10% H2

18O and 0.05 g/kg of 100% 2H2O)14 either orally or via
a feeding tube. Parents were required to collect a single urine
sample from their child prior to dosing to determine natural
baseline enrichment of the isotopes in the body. Daily samples
were required thereafter for 10 days. Collection of samples from
children with poor or no bladder control was via the use of urine
bags or absorbent cotton wool balls placed in the nappy, from
which urine was extracted. All samples were analysed to deter-
mine isotopic enrichments using a Dual Inlet Isoprime isotope
ratio mass spectrometer (Isoprime Dual Inlet IMRS e IonVantage
Software, Isoprime, Manchester, UK). Results were expressed
relative to the international standard, Vienna Standard Mean
Ocean Water. Dilution spaces for both deuterium and oxygen-18
were calculated according to standard equations.15 Rate
constants were determined via the multipoint method, which
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involved calculating the coefficient of the regression line of the
natural logarithm of enrichment over time. The production rate of
carbon dioxide was calculated as the difference between the
elimination rates of deuterium and oxygen-18 in conjunction with
their dilution space and accounting for isotopic fractionation.12

Oxygen consumption was determined by assuming a respiratory
quotient of 0.85,16 and TEE was calculated according to the
abbreviated Weir equation.17

2.7. Validation of the modified three-day weighed food record

The three-day weighed food record was validated by
comparing reported EI to measures of TEE for each individual
child. A state of weight balance for each child was assumed over
the 10 day data collection period. Consequently, EI was assumed
to match a child’s energy requirements for weight maintenance
during the data collection period. Typical within-subject vari-
ability in day-to-day EI routinely seen in young children’s diets is
approximately 19% at the group level. Reporting of EI in the
current study, therefore, was accepted to be valid at the group
level if the mean difference between reported EI and measured
TEE (when expressed as a percentage of TEE, referred to as bias)
was less than 19%. The ratio of EI to TEE was determined for each
individual child, and, at the group level, represents the degree of
under or over reporting.

2.8. Feeding difficulties

Objective measurement of oral motor and swallowing dysfunc-
tion was rated using the Feeding and Swallowing Competency
Subset (Part 2) of the Dysphagia Disorders Survey e Paediatric,18

a reliable, valid tool.19 A speech pathologist classified children into
groups e no feeding difficulties, mild feeding difficulties, moderate
to severe feeding difficulties and profound (non-oral) feeding
difficulties.

2.9. Ethics

Ethical approval for this study was obtained from the Children’s
Health Services District Ethics Committee (HREC/09/QRCH/124)
and The University of Queensland Medical Research Ethics
Committee (2009001869).

2.10. Statistics

Statistical analyses were performed using SPSS (Statistical
Package for the Social Sciences) Version 20 (IBM SPSS Statistics
20.0). Children with CP were grouped according to their level of
functional ability e mild CP (GMFCS I and II e ambulant) and
moderate to severe CP (GMFCS III, IV and V emarginally-ambulant
Table 1
Anthropometric measures for children with cerebral palsy according to gross motor func

Children with mild
CP (n ¼ 15)

Children with mod
severe CP (n ¼ 16)

Age (y), median (IQR) 3.95 (0.90) 3.65 (1.10)
Weight (kg) 15.4 � 1.8b 14.1 � 3.1b

Weight z-score �0.2 � 1.0b �1.1 � 1.9b

Height (cm) 99.9 � 5.7c 94.0 � 4.6b

Height z-score 0.1 � 1.1c �1.3 � 1.1b

IQR, interquartile range.
a All values are means � SDs, unless otherwise specified.
b Significantly different from the typically developing children (p < 0.05) via indepen
c Significantly different from children with moderate to severe CP (p < 0.05) via inde
or non-ambulant). The third group consisted of age matched TDC.
Weight and height z-scores were calculated based on age and
gender using the Centers for Disease Control data20 and incorpo-
rating the LMS method.21 All variables were normally distributed
within each group, with the exception of age. Measures of weight,
height, weight z-scores and height z-scorewere compared between
groups using independent t-tests. Measures of age were compared
between groups using ManneWhitney U tests. Measures of EI and
TEE were compared using paired t-tests, Bland and Altman anal-
yses22 and independent t-tests.
3. Results

3.1. Subject characteristics

Thirty-one children with CP (61% male) ranging in age from 2.9
to 4.4 years participated. Children with CP represented all GMFCS
levels (I ¼ 13; II ¼ 2; III ¼ 5; IV ¼ 3; V ¼ 8), motor types
(spasticity¼ 25, dystonia¼ 2, athetosis¼ 3 and hypotonia¼ 1) and
gross motor distributions (hemiplegia ¼ 10, diplegia ¼ 7,
triplegia ¼ 4 and quadriplegia ¼ 10). Thirteen children (42%) had
moderate to severe or profound feeding problemswhen objectively
rated by a speech pathologist.18 Eleven of these children were
classified as GMFCS III, IV or V. Six children (19%) were tube-fed, all
of whomwere classified as GMFCS level V. Epilepsy was present in
six children (19%), five of whom were classified as GMFCS IV or V.
The comparison group consisted of 15 TDC (63% male) ranging in
age from 3.0 years to 4.5 years.

General anthropometric measures and subject characteristics
for all children are shown in Table 1. As an overall population, the
children with CP were shorter and lighter than the TDC. When
considering functional abilities, those children with mild CP
weighed significantly less than the TDC, however no difference was
found concerning height. Children with moderate to severe CP
were significantly shorter and lighter than the TDC, however only
height scores were significantly lower when compared to children
with mild CP. Secondary analysis of all results in Table 1, excluding
those children who were tube-fed, did not significantly alter any
outcomes and produced similar values.
3.2. Intra-rater reliability for energy intake

Food records from a subset of 10 children (60% male), mean age
3.6 (�0.6) years, representing all GMFCS levels (I ¼ 2; II ¼ 2; III ¼ 2,
IV ¼ 2; V ¼ 2) were used to assess reliability of coding and analysis.
Intra-rater reliability was established at 0.4% difference in EI at the
population level. The difference in EI between first and second
analysis at an individual level was less than 6% for records of all
children.
tional ability and typically developing childrena.

erate to All children with cerebral
palsy (n ¼ 31)

Typically developing
children (n ¼ 15)

3.95 (1.00) 3.54 (0.80)
14.7 � 2.6b 16.9 � 1.7
�0.7 � 1.5b 0.7 � 0.6
96.8 � 5.9b 101.7 � 5.4
�0.6 � 1.3b 0.5 � 0.7

dent t-tests.
pendent t-tests.



Table 2
Results of paired t-tests and Bland and Altman analyses when comparing reported energy intake to measured total energy expenditure for children with cerebral palsy
according to gross motor functional ability and typically developing children, using doubly labelled water as the reference methoda.

Children with mild
CP (n ¼ 15)b

Children with moderate to
severe CP (n ¼ 16)

All children with cerebral
palsy (n ¼ 31)

Typically developing
children (n ¼ 15)

EI (kJ/day) 5121 � 1368c 4165 � 1136 4628 � 1325c 5310 � 864c

TEE (kJ/day) 5979 � 953 4359 � 1000 5142 � 1265 6397 � 779
Bias (%) 14.8 4.3 10.0 16.8
Limits of agreement (kJ) �2559 to 845 �1552 to 1165 �2117 to 1138 �2524 to 350
Ratio of EI:TEE 0.85 � 0.15 0.96 � 0.14d 0.91 � 0.15 0.83 � 0.11
Children with EI values within 20%

of TEE values (n, (%))
10 (67) 13 (81) 23 (74) 9 (60)

EI, energy intake; TEE, total energy expenditure.
a All values are means � SDs unless otherwise specified.
b Significant correlation between the mean of the reported energy intake and measured total energy expenditure and the difference (p < 0.05) by Pearson’s correlation.
c Signficantly different from TEE (p < 0.01) via paired t-tests.
d Significantly different from typically developing children (p < 0.01) by paired test.
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3.3. Comparison of reported energy intake to total energy
expenditure data

Results regarding comparisons of EI to TEE are presented in
Table 2. The measurement of TEE via the DLWmethod succeeded in
all subjects. Energy intake values were statistically significantly less
than TEE values for the children with CP as a total population and
for the TDC. When considering functional ability, EI values were
significantly less than TEE values for children with mild CP but not
for those with moderate to severe CP. When evaluating the
Fig. 1. Bland and Altman plots of the difference between reported energy intake via a thre
method for (a) children with mild cerebral palsy (Gross Motor Function Classification System
III, IV and V) (n ¼ 16); (c) typically developing children (n ¼ 15).
difference in EI as a percentage of TEE for each group, childrenwith
moderate to severe CP demonstrated the most accurate reporting
with a result of 4.3%. Children with mild CP (14.8%) showed similar
results to the TDC (16.8%). Differences in the bias between groups
were only significant when comparing the children with moderate
to severe CP to TDC. The bias was consistent across the range of
measurements for all groups of children except those with mild CP.
The correlation within this group between the mean of EI and TEE
and the difference reached statistical significance (r ¼ 0.62,
p< 0.05). This indicated that under reporting was more frequent in
e-day weighed food record and measured total energy expenditure via the reference
(GMFCS) I and II) (n ¼ 15); (b) children with moderate to severe cerebral palsy (GMFCS



Table 3
Results of paired t-tests and Bland and Altman analyses when comparing reported
energy intake to measured total energy expenditure for children with moderate to
severe cerebral palsy according to feeding method.

Children who were
orally-fed (n ¼ 10)

Children who were
tube-fed (n ¼ 6)

EI (kJ/day) 4545 � 1046 3533 � 1065a

TEE (kJ/day) 4526 � 874 4080 � 1215
Bias (%) 0.4 13.4
Limits of agreement (kJ) �1373 to 427 �1483 to 430
Ratio of EI:TEE 1.01 � 0.14b 0.87 � 0.10
Children with EI values within 20%

of TEE values (n, (%))
9 (90) 4 (67)

EI, energy intake; TEE, total energy expenditure.
a Significantly different from TEE (p < 0.05) via paired t-test.
b Significantly different from those children who were tube-fed (p < 0.05) by

independent t-test. Correlations between the mean of the reported energy intake
and measured TEE and the difference were not statistically significant for either
group.
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children with lower intakes, compared with over reporting, which
rises with increasing intake. The corresponding Bland and Altman
plots for each group of children can be seen in Fig. 1.

The ratio of EI to TEE was also calculated for each group to
compare under and over reporting with a previously published
study7 (Table 2). Results showed no substantial over reporting for
any one group at the population level as indicated in previous
literature.7 When considering functional ability, the ratio of 0.96
children with moderate to severe CP indicated greater accuracy in
group reporting when compared to the TDC (0.83).

The childrenwith moderate to severe CP were further examined
to determine the influence of feeding method on the accuracy of
reporting (Table 3). Children who were orally-fed displayed more
accurate reporting when compared to those who were tube-fed,
evidenced by a very low difference in reported EI and measured
TEE and an EI to TEE ratio of 1.01 indicating nearly perfect reporting.
The corresponding Bland and Altman plots for both groups of
children are displayed in Fig. 2.

4. Discussion

Comparisons of EI to TEE data indicate that at a population level,
the modified three-day weighed food record is a valid tool to
measure EI in preschool-aged children with CP across all functional
Fig. 2. Bland and Altman plots of the difference between reported energy intake via a thr
method for (a) children with moderate to severe cerebral palsy (Gross Motor Function Cla
moderate to severe cerebral palsy who are orally-fed (n ¼ 10).
ability levels and a variety of motor types. Accurate reporting was
evident amongst all groups. When considering the mean difference
between reported EI and measured TEE as a percentage of TEE
(bias), all values wereminimal and representative of typical within-
subject variability in day-to-day energy intake routinely seen in
young children’s diets.23

Reporting of EI was most accurate in the childrenwithmoderate
to severe CP, particularly those who were orally-fed when
compared to childrenwho were tube-fed. This important finding is
in contrast to previous literature by Stallings et al.7 Their results of
gross overestimation of EI in school-aged children (mean age
10.3 yrs) are not supported by data in the current study, which
indicates only minimal under reporting (4%). Although no Bland
and Altman analyses or paired t-tests were performed by Stallings
et al.,7 results have been broadly accepted and reported in later
literature.24e26 No further studies have attempted to replicate the
findings in other populations of children with CP of varying ages,
functional abilities or motor types. This is understandable given the
technical expertise required when using the DLW method. The
contrasting yet clinically significant results obtained in the current
study could be attributed to a number of factors. The modifications
made to the three-day weighed food record by an experienced
dietitian incorporated problems associated with feeding abilities,
such as food and fluid spillage, so that data reflected actual inges-
tion of foods and hence EI. The increased awareness and focus of
parents on dietary intake in a young age group susceptible to
nutritional concerns is also an important factor to consider. Parents
of orally-fed children (with or without associated feeding difficul-
ties) could potentially have greater levels of stress when feeding
their child. This increased focus on foods consumed then translates
to more accurate reporting. Conversely, the major nutritional
concerns of children who are tube-fed have been identified, and
parental focus may be on other concerns.

Reporting for the children with mild CP was similar to that for
the TDC, however both groups displayed a greater amount of under
reporting when compared to the children with moderate to severe
CP. A simple contributor to these results may be that children with
mild CP are more mobile, and have the potential to consume and
discard food and fluid items without parental knowledge. Parents
of children with mild CP may consider that their child has minimal
feeding difficulties and the perceived importance of nutritional
monitoring is less. In addition, current national health policies and
ee-day weighed food record and measured total energy expenditure via the reference
ssification System (GMFCS) III, IV and V) who are tube-fed (n ¼ 6); (b) children with
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media messages concerning obesity could influence parents to give
socially desirable answers. Minimal under reporting in the TDC
may also have been the result of varying levels of parental moti-
vation, as this study did not specifically focus on outcomes for TDC.
The inconsistent bias seen in children with mild CP will need to be
further investigated within a larger sample size.

Results show that the three-day weighed food record may be of
use in individual children. On average, 75% of the children with CP
had EI results that were within 20% of their TEE values. When
considering that day-to-day EI in young children is known to vary
by up to 19%,23 this modified food record has the potential to be
a useful tool in clinical situations when used in combination with
regular growth monitoring. This must be done with caution and
clear clinical judgement, however, as the Bland and Altman plots in
Figs. 1 and 2 show wide limits of agreement, particularly for the
children with mild CP.

The small sample size and limited number of children with
dystonia and athetosis motor types is a limitation of the current
study. Unfortunately this is difficult to overcome due to the
expenses associated with the DLW technique, combined with data
collection challenges and reduced frequency of these motor types.
Another limitation of the study was the assumption regarding
weight balance, as children were not weighed after the data
collection period. Any weight changes, however, were assumed to
be minimal and would not impact greatly on the validity of
results.

Outcomes from this study present a number of further recom-
mendations for upcoming research and practice. Cross-validation
of the diary in other CP populations, specifically older children, is
encouraged. Incorporation of the diary into daily clinical practice
would enable determination of the utility and practicality of the
method in a clinical environment when compared to a research
setting.

In conclusion, our criterion validation study is the first to
confirm that a modified three-day weighed food record accurately
measured EI in preschool-aged children with CP. It is a valid tool
that can be used for children across all GMFCS levels, motor types
and a range of feeding abilities. Accurate determination of EI in
young childrenwith CP in both clinical practice and future research
is now possible.
Funding sources

All funding sources are stipends for authors only and did not
contribute to the in any way to the study design, data collection,
interpretation, or analyses, the writing of the manuscript of the
decision to submit the manuscript for publication.

Australian Postgraduate Award Scholarship (JW).
School of Medicine Research Scholar Scholarship (JW).
NHMRC for Project Grant, ‘Queensland Cerebral Palsy Child

Study: Growth, Nutrition and Physical Activity in Children’
(569605) (PSWD, RB, KB).

NHMRC Career Development Grant (RB; 473840).
Smart State Fellowship from the Queensland Government (RB).
Royal Children’s Hospital Foundation, Queensland (RB, PSWD).
The University of Queensland Foundation (RB).
Author contribution

JLW, KLB, RNB, and PSWD designed research, JLW conducted the
research, PSDW and RNB provided essential materials, JLW ana-
lysed data and performed statistical analyses, JLW wrote the paper,
and JLW, KLB, RNB and PSWD reviewed and approved the final
content.
Conflict of interest

All authors have no potential conflicts of interest. All sources of
support have been acknowledged below.
Acknowledgements

Wewould like to thank all of the children and families who have
participated in the study for their time and efforts. Thank you also
to Sarah Elliott and Kim Baublys for their technical support during
the analyses of total energy expenditure data.
References

1. Stanley F, Blair E, Alberman E. Cerebral palsies: epidemiology and casual path-
ways, vol. 151. London Mac Keith Press; 2000.

2. Kuperminc MN, Stevenson RD. Growth and nutrition disorders in children with
cerebral palsy. Dev Disabil Res Rev 2008;14:137e46.

3. McArdle WD, Katch FI, Katch VL. Exercise physiology: energy, nutrition and
human performance. Maryland, USA: Lippincott, Williams and Wilkins; 2001.

4. Speakman JR. The history and theory of the doubly labeled water technique.
Am J Clin Nutr 1998;68:932Se8S.

5. Schoeller DA, Fjeld CR. Human energy metabolism: what have we learned from
the doubly labelled water method? Annu Rev Nutr 1991;11:355e73.

6. Black AE. Critical evaluation of energy intake using the Goldberg cut-off for
energy intake: basal metabolic rate. A practical guide to its calculation, use and
limitations. Int J Obes 2000;24:1119e30.

7. Stallings VA, Zemel BS, Davies JC, Cronk CE, Charney EB. Energy expenditure of
children and adolescents with severe disabilities: a cerebral palsy model. Am J
Clin Nutr 1996;64:627e34.

8. Stevenson RD. Use of segmental measures to estimate stature in children with
cerebral palsy. Arch Pediatr Adolesc Med 1995;149:658e62.

9. Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi B. Development
and reliability of a system to classify gross motor function in children with
cerebral palsy. Dev Med Child Neurol 1997;39:214e23.

10. Palisano RJ, Rosenbaum P, Bartlett D, Livingston MH. Content validity of the
expanded and revised gross motor function classification system. Dev Med
Child Neurol 2008;50:744e50.

11. Gorter JW, Ketelaar M, Rosenbaum P, Helders PJ, Palisano R. Use of the GMFCS
in infants with CP: the need for reclassification at age 2 years or older. Dev Med
Child Neurol 2009;51:46e52.

12. Davies PSW, Coward WA, Gregory J, White A, Mills A. Total energy expenditure
and energy intake in thepre-school child: a comparison.Br J Nutr1994;72:13e20.

13. Bell KL, Boyd RN, Tweedy SM, Weir KA, Stevenson RD, Davies PSW.
A prospective, longitudinal study of growth, nutrition and sedentary behaviour
in young children with cerebral palsy. BMC Public Health 2010;10:179.

14. Davies PSW. Total energy expenditure in young children. Am J Human Biol
1998;8:183e8.

15. Halliday D, Miller AG. Precise measurement of total body water using trace
quantities of deuterium oxide. Biomed Mass Spectrom 1977;4:82e7.

16. McClave SA, Lowen CC, Kleber MJ, McConnell JW, Jung LY, Goldsmith LJ. Clinical
use of the respiratory quotient obtained from indirect calorimetry. JPEN J
Parenter Enteral Nutr 2003;27:21e6.

17. Weir JBDV. New methods for calculating metabolic rate with special reference
to protein metabolism. J Physiol (Lond) 1949;109:1e9.

18. Sheppard JJ. Dysphagia disorders survey and dysphagia management staging scale
(adult and paediatric applications): user’s manual. Australian ed. Centre for
Developmental Disabilities; 2002.

19. Calis EAC, Veugelers R, Sheppard JJ, Tibboel D, Evenhuis HM, Penning C.
Dysphagia in children with severe generalized cerebral palsy and intellectual
disability. Dev Med Child Neurol 2008;50:625e30.

20. Clinical growth charts. Atlanta, GA, USA: Centers for Disease Control and
Prevention. At: http://www.cdc.gov/growthcharts/clinical_charts.htm; 2000
[accessed 16.03.10].

21. Cole TJ. The LMS method for constructing normalized growth standards. Eur J
Clin Nutr 1990;44:45e60.

22. Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet 1986 Feb 8:307e10.

23. Nielsen SB, Montgomery C, Kelly LA, Jackson DM, Reilly JJ. Energy intake
variability in free-living young children. Arch Dis Child 2008;93:971e3.

24. Fung EB, Samson-Fang L, Stallings VA, Conaway M, Liptak G, Henderson RC,
et al. Feeding dysfunction is associated with poor growth and health status in
children with cerebral palsy. J Am Diet Assoc 2002;102:361e73.

25. Calis EAC, Veugelers R, Rieken R, Tibboel D, Evenhuis HM, Penning C. Energy
intake does not correlate with nutritional state in children with severe gener-
alized cerebral palsy and intellectual disability. Clin Nutr 2010;29:617e21.

26. Arrowsmith FE, Allen JR, Gaskin KJ, Somerville H, Birdsall J, Barzi F, et al.
Nutritional rehabilitation increases the resting energy expenditure of
malnourished children with severe cerebral palsy. Dev Med Child Neurol
2012;54:170e5.

http://www.cdc.gov/growthcharts/clinical_charts.htm

	Validation of a modified three-day weighed food record for measuring energy intake in preschool-aged children with cerebral ...
	1. Introduction
	2. Materials and methods
	2.1. Participants
	2.2. Anthropometry
	2.3. Functional ability
	2.4. Energy intake assessment
	2.5. Intra-rater reliability
	2.6. Total energy expenditure
	2.7. Validation of the modified three-day weighed food record
	2.8. Feeding difficulties
	2.9. Ethics
	2.10. Statistics

	3. Results
	3.1. Subject characteristics
	3.2. Intra-rater reliability for energy intake
	3.3. Comparison of reported energy intake to total energy expenditure data

	4. Discussion
	Funding sources
	Author contribution
	Conflict of interest
	Acknowledgements
	References


