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Abstract

Introduction: proper estimation of energy requirements in children with cerebral palsy (CP) is essential in ensuring that their energy needs are
optimally met.

Objective: therefore, the purpose of this study was to demonstrate that resting energy expenditure (REE) and total energy expenditure (TEE) are
associated with age, anthropometric indicators and body composition in children with spastic cerebral palsy.

Methods: a cross-sectional study included 79 participants with spastic CP from 24 months to 16 years nine months. Weight and height (estimated
by lower leg length) were obtained; body composition and energy expenditure were estimated by bioelectrical impedance analysis. ANOVA, post
hoc tests, the Pearson correlation and determination coefficients (R?) were performed.

Results: significant gradual increases according to age in REE and TEE (both in kcal/d) were observed. There were highly significant positive
correlations between REE and TEE (kcal/d, kcal/cm/d) with fat-free mass (FFM) and fat mass (FM), but negative correlations between REE (kcal/
kg/d) with body composition and energy indicators. FFM and total body water, and to a lesser extent FM, explained a high percentage of the direct
variability of REE and TEE in kcal/d and the inverse in kcal/kg/d.

Conclusions: as age increased, energy expenditure also increased. The estimated energy expenditure in kcal/cm/d did not differ with age
and sex. The estimated energy expenditure, based on height, would be a practical and reliable method for estimating energy expenditure and
ensuring adequate nutritional status.

Resumen

Introduccion: la estimacion adecuada de los requerimientos de energia en nifios con paralisis cerebral (PC) es indispensable para garantizar
que sus necesidades energeéticas se cumplan de manera Optima.

Objetivo: demostrar que el gasto de energia en reposo (GER) y el gasto energético total (GET) se asocian con la edad y los indicadores antro-
pométricos y de composicion corporal en nifios con paralisis cerebral (PC) espastica.

Métodos: un estudio transversal incluyé 79 participantes con PC espastica de 24 meses a 16 afos y nueve meses de edad. Se obtuvieron el
peso y la talla (estimados por la longitud de la pierna inferior); la composicion corporal y el gasto de energia se estimaron mediante analisis de
impedancia bioeléctrica. Se realizaron ANOVA, pruebas post hoc, los coeficientes de correlacion y determinacion de Pearson (R?).

Resultados: se observaron incrementos graduales significativos segun la edad en GER y GET (ambos en kcal/d). Hubo correlaciones positivas
altamente significativas entre GER y GET (kcal/d, kcal/cm/d) con masa libre de grasa (MLG) y masa grasa (MG) y correlaciones negativas entre
GER (kcal/kg/d) con la composicion corporal e indicadores de energia. La MLG y el agua corporal total, y en menor grado la MG, explicaron un
porcentaje elevado de la variabilidad de GER y GET en kcal/d y en kcal/kg/d.

Conclusiones: conforme aumento la edad, aument6 también el gasto de energia. El gasto energético estimado en kcal/cm/d no difirié con la
edad y el sexo. Por tanto, el gasto energético basado en la talla serfa un método practico y confiable para garantizar un estado nutricio adecuado.
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INTRODUCTION

The appropriate estimate of the energy requirements of children
with cerebral palsy (CP) is essential in ensuring that their needs
are optimally met. This goal is not an easy task, particularly during
the stages of maximum physical growth and cognitive develop-
ment, especially when the child is malnourished and/or has diffi-
culty in eating due to mechanical disorders of swallowing (1-3). In
many cases, the energy intake in children with CP is insufficient
to meet their energy demands compared to healthy children (4).
In addition, there are other contributing factors such as difficulty
in communicating sensations of hunger and satiety and feed-
ing themselves, and the presence of gastrointestinal disorders
such as chronic constipation and gastro-esophageal reflux (5,6).
It has been suggested that the resting energy expenditure (REE)
and the total energy expenditure (TEE) are significantly lower in
children with CP compared to healthy children of the same age,
with estimates obtained by indirect calorimetry and doubly labeled
water (5,7). Moreover, the equations proposed by the World Health
Organization (WHO), based on age, sex and weight, tend to over-
estimate energy expenditure in children with CP (1,2,7,8).

The main cause of decreased energy expenditure in children
with CP is limited physical activity. This limitation in physical activ-
ity is influenced by the brain injury itself and by motor dysfunction
(impairment of motor skills and muscle tone) (3-5,7,9;10-12). The
main objective was to demonstrate that resting energy expendi-
ture (REE) and total energy expenditure (TEE) are associated with
age, anthropometric indicators and body composition in children
with cerebral palsy.

MATERIAL AND METHODS

In a cross-sectional analytical study, 79 patients with spastic
CP (38 girls and 41 boys) from ages 24 months to 16 years nine
months (8 y 5 months + 4 y 5 months), who attended the outpa-
tient Department of Pediatrics at New Civil Hospital of Guadalajara
and were diagnosed and classified by a pediatric neurologist,
were included in the study. The study was performed between
January and December 2014. The sample was obtained from a
previous study on the nutritional status of children with CP and
estimated with a confidence level of 95% (o = 0.05) (13). No
patients with diagnoses unrelated to CP (Down syndrome, autism,
degenerative disorders), receiving medications that may alter the
body composition (steroids, thyroxine, anti retrovirals) or with CP
of a postnatal origin (traumatic injuries, accidents, tumors, other
injuries) were included.

ANTHROPOMETRY

Weight was obtained using a Seca® scale (model 700 Hamburg
Germany) with an accuracy of 50 g; each child wore a clean
diaper and as little clothing as possible. The child was weighed in
the arms of a family member or observer and, subsequently, the
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adult alone was weighed, and the weight difference results were
obtained. The height was obtained using the alternative lower
leg length (LLL) measurement with the following equation: (3.26
x LLL) + 30.8. The LLL was measured using a tape measure
(Seca®, 206, Hamburg, Germany), by two previously standard-
ized observers, according to the technique of Stevenson (14),
and the final value was obtained using the average of the two
measurements. The mid upper arm circumference (MUAC) was
measured with a flexible tape (Seca®, 206, Hamburg, Germany),
at the midpoint of the arm length, from the acromion to the olec-
ranon. The triceps skinfold (TSF) was measured using a Lange®
skinfold caliper (Cambridge, Maryland) on the posterolateral inner
left arm, in the same spot as the MUAC. Each observer took three
measurements and the average was calculated. The sub-scapular
skinfold (SSF) was located at the lower angle of the left scapula
where a mark was made; skin and adipose tissue were taken a
centimeter above and diagonally to the mark; the tips of the cali-
per were placed, and after each observer took the measurement
three times, the average was obtained.

BIOELECTRICAL IMPEDANCE ANALYSIS (BIA)

The bioelectrical impedance was performed using Quadscan
4000 equipment (BodyStat® Ltd., England). After a three-hour
fasting period, two electrodes for pediatric assessment were
placed on the back of the hand (at the wrist and metacarpal)
and two on the dorsum of the foot (metatarsal and ankle). Metal
objects that could interfere with the impedance were removed;
impedance was set to 50 ohm. The measurement was obtained
with the child in dorsal supine position and as relaxed as possible.
REE and TEE were estimated according to the equations by BIA
QuadScan® 4000 equipment. Previous studies in children with
spastic GP have shown good correlation between anthropometric
indicators and body composition measurements obtained by BIA
using this equipment (2).

STATISTICAL ANALYSIS

An ANOVA and post hoc (Bonferroni) test were performed for
the multi-comparisons between age groups (24-71, 72-119 and
> 120 months). Pearson correlation coefficients comparing body
composition and energy expenditure were also calculated. The
data were analyzed using the SPSS version 20 (SPSS Inc., Chi-
cago, IL, USA).

ETHICAL CONSIDERATIONS

The protocol did not put participants at risk and adhered to
the Declaration of Helsinki guidelines, in its last correction made
during the 64™ Annual Assembly organized by the World Medical
Association (2013). Adequate information was given to parents
about the importance of this study, and the protocol was applied
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after obtaining signed informed consent. The Bioethics Committee
of the New Civil Hospital of Guadalajara approved the project with
no. 1344/14.

RESULTS

Table | shows the anthropometric and body composition mea-
surements of participants (n = 79); 5.1% of the participants
belonged to level | and Il of the Gross Motor Function Classifi-
cation System (GMFCS), 2.5% to level lll, 17.7% to level IV and
69.6% to level V. Energy expenditure was expressed in kcal/d,
kcal/kg/d and kcal/cm/d. The comparison of REE by sex, female
vs male, in kcal/d, was 867 + 177 vs 911 + 186, respectively;

Table I. Anthropometric characteristics
in children with CP (n = 79)

Variable Mean (SD) Limits
Age (months) 101 (50) 24 201
Weight (kg) 17.4 (7.3) 7 37
Height (cm) 110 (18.7) 722 | 168
BMI by LLL (kg/m?) 13.7 (2.6) 83 | 220
MUAC (cm) 15.4 (2.9) 11 23
TSF (mm) 6.6 (3.5) 2 18
SSF (mm) 5.2(2.9) 2 17
FFM (kg)* 12.3 (5.5) 14 29
FM (kg)! 4932 050 | 154
FFM (kg)* 15.2 (6.0) 59 | 327
FM (kg)® 21(1.9 0.33 | 10.8
TBW (kg)' 9.6 (4.1) 39 | 218
TBW (%) 55.7 (11.1) 37 89.3

BMI: body mass index; LLL: lower leg length;, MUAC: mid-upper-arm
circumference; TSF: triceps skinfold; SSF: subscapular skinfold; *FFM:
fat-free mass by bioelectrical impedance analysis (BIA); TFM. fat mass by
BIA; *FFM: fat-free mass by anthropometry; SFM: fat mass by anthropometry;
'TBW: total body water by BIA.

REE, measured in kcal/kg/d, was 57.3 + 13.7 vs 53.2 + 9.4;
TEE, in kcal/d, was 1,185 = 229 vs 1,274 + 261; and TEE,
in kcal/cm/d, was 11 + 1.3 vs11.3 = 1.0. Table Il shows that
significant differences among the age groups were observed in
REE in kecal/d and kcal/kg/d and in the TEE in kcal/d. The energy
expenditure, expressed in kcal/cm/d, was approximately 11 kcal/
cm/d in all age groups. Table Il highlights a significant direct
correlation between REE (kcal/d) and TEE (kcal/d) with fat-free
mass calculated using BIA and anthropometry. In addition, there
is an inverse and highly significant correlation between REE (kcal/
kg/d) and fat-free mass, the results being stronger with the BIA
method than with anthropometry. The correlation matrix shows
a strong correlation of body composition values obtained by BIA
and anthropometric indicators. There was a stronger correlation
with the anthropometry method than BIA, with energy expenditure
expressed in kcal/d and kcal/kg/d. The obtained R? showed that
fat free mass (FFM), total body water (TBW) and, to a lesser extent,
fat mass (FM) explained a high percentage of the REE and TEE
direct variability in kcal/d and the inverse in kcal/kg/d.

DISCUSSION

To our knowledge, this is the first study completed in Mexico
where energy expenditure in 79 children with spastic CP was ana-
lyzed. It is noteworthy that Walker et al. (3) showed that in children
with spasticity, TEE was 1,367 kcal/d, similar to the level observed
inour study (1,231 Kcal/d). Several factors can influence the esti-
mated energy expenditure, regardless of age, for example, outpa-
tient status, constant movements, features of dysfunction (type,
distribution and severity) and muscle tone (3,11). Energy expendi-
ture indicators, such as REE expressed in kcal/d and TEE in kcal/d,
increased gradually with age (p < 0.001). The REE expressed in
kcal/kg/d was higher in the group of 24-71 vs 72-119 months
(p = 0.001); also, the REE was higher in the group of 24-71 vs
> 120 months (p < 0.001). An inverse relationship was observed:
the younger the child, the greater the REE (kcal/kg/d) (p < 0.001).
It is likely that, as in healthy children, energy requirements are
higher in early stages of life (15). Conversely, it was observed that
the TEE, expressed in kcal/cm/d, does not change depending on

Table Il. Energy expenditure by age groups

Age groups
24-71 m (n = 29) 72-119 m (n = 23) >120 m (n = 27)
Variable Mean (SD) Mean (SD) Mean (SD) p*
REE (kcal/d) 751 (152) 904 (131) 1,028 (134) < 0.001
REE (kcal/kg/d) 62.3(9.97) 53.3(10.1) 49.0 (11.0) < 0.001
TEE (kcal/d) 1,038 (205) 1,230 (146) 1,440 (188) < 0.001
keal/cm/d 11.0 (1.5) 11.0 (1.0) 11.3(0.9) 0.358

REE: resting energy expenditure; TEE: total energy expenditure. *ANOVA. Post hoc test (Bonferroni): REE (kcal/d) 24-71vs 72-119 months, p = 0.001; 24-71vs > 120
months, p < 0.001;y 72-119vs > 120 months, p = 0.008. REE (kcal/kg/d) 24-71vs 72-119 months, p = 0.008; 24-71vs > 120 months, p < 0.001; y 72-119vs
> 120 months, p = 0.454. TEE (kcal/d) 24-71vs 72-119 months, p = 0.001; 24-71vs > 120 months, p < 0.001; y 72-119vs > 120 months, p < 0.001.
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Table lll. Correlations among FM, FFM, TBW and energy expenditure in children
with spastic cerebral palsy (n = 79)*
X REE (kcal/d) REE (kcal/kg/d) TEE (kcal/d) TEE (kcal/cm/d)
Variable
r R? r R? r R? r R?

FFM (k) 0.805' 0.65 -0.730 0.53 0.793 0.63 0.246™ 0.06
FM (kg)* 0.6091 0.37 -0.6471t 0.42 0.523ft 0.27 0.239** 0.05
FFM (kg)® 0.9111t 0.83 -0.844it 0.71 0.9001 0.81 0.321** 0.10
FM (kg)" 0.6801 0.46 -0.7101 0.50 0.5451 0.30 0.183 (NS) 0.03
TBW (kg)" 0.806' 0.65 -0.740' 0.55 0.7971 0.63 0.233* 0.05

*Pearson correlation; TFFIM: fat-free mass by bioelectrical impedance analysis (BIA); *FM: fat mass by BIA, SFFM: fat-free mass by anthropometry; 'FM: fat mass by
anthropometry; "TBW: total body water by BIA; REE: resting energy expenditure; TEE: total energy expenditure **p < 0.05; p < 0.001, NS: non-significant.

age and remains stable at 11 kcal/cm/d. These results are consis-
tent with data reported in children with spastic quadriplegia or CP
with moderate to severe malnutrition and severe motor dysfunction
(2,16-19). There has been a reported energy intake ranging from
11 to 14 kecal/cm/d (19). An energy intake of approximately 11
kcal/cm/d would be an appropriate amount for children with CP to
maintain an adequate nutritional status.

Other findings of this study suggest that BIA, which has shown
high specificity (98.2%) and sensitivity (100%), is a reliable, accu-
rate and relatively easy method for estimating energy expenditure
in children with CP (2,7,8,20) compared to indirect calorimetry
(IC), which has shown good sensitivity (92.3%) and lower speci-
ficity (65.5%) (2). In addition, it was observed that the equations
for healthy children, and those proposed by the WHO, based on
age, sex and weight, tend to overestimate energy expenditure in
children with CP (1,2,7,8,16).

As expected, there was a direct correlation between REE and
TEE and the body composition indicators FFM, FM and TBW in
children with CP. This finding does not differ from that observed
in children without this pathological condition (8,12,21). By con-
trast, a highly significant negative correlation between REE (kcal/
kg/d) and FFM was observed, with a higher correlation with BIA
than anthropometry. One possible explanation is that in children
with GP, body composition (lean mass) is affected by neurological
damage; when the body mass is greater, as in older children, less
energy per unit of body weight is demanded. A lack of correlation
between body composition and TEE, expressed in kcal/cm/d, was
also observed. This finding would suggest that in early life, most
likely in children under 36 months of age, the estimated energy
expenditure is best expressed in kcal/kg/d, while in older children,
as has been shown in other studies, it is better to estimate the TEE
in kcal/cm/d for the calculation of diets. Finally, a relevant finding
was the highly significant correlations between the indicators of
body composition obtained by BIA and anthropometry and energy
expenditure indicators. Therefore, both methods (anthropometry
and BIA) would be useful predictors for estimating REE and TEE
in children with spastic CP.

It has been reported that energy expenditure is lower in chil-
dren with CP than in healthy children, and a relationship between
energy expenditure and the body composition indicators can exist.

Walker (3) showed that FFM is a major predictor of energy require-
ments, and together with motor function, it explains 67% of the
variability in energy requirements, which is similar to our result of
65%. Similarly, another study on children with CP with moderate
to severe malnutrition showed a high correlation between FFM
and TEE (r = 0.748, p = 0.005) (2).

The main strength of this study is that when REE and TEE are
expressed in kcal/kg/d and kcal/cm/d, respectively, they allow
us to correctly estimate the energy requirements for children
with CP. For example, in children less than 36 months of age,
energy requirements could be estimated at 62.3 kcal/kg/d, and
in older children they could be estimated at 11 kcal/cm/d. The
main limitation was the negative values in some measurements
of body composition, performed by BIA, particularly in FM (two
negative values). If these negative results were a consequence
of the severity of the spasticity in these children with CP, then
the BIA could not be performed due to a lack of symmetric
posture. The negative values were considered as outliers and
were eliminated.

In conclusion, it is difficult to determine the estimated energy
expenditure in children with CP. As age increases, the indicators
of energy expenditure significantly increase. However, estimates
of kcal/cm/d do not differ according to sex and age; therefore,
the estimation of energy requirements based on height would be
a practical and reliable method to maintain an adequate nutrition-
al status. Further research is required; more accurate methods
are needed to estimate energy expenditure in children with CP
compared with the BIA method and IC method. The use of BIA
for estimating energy expenditure is a relatively easy procedure
to perform.

REFERENCES

1. 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;54:170-5. DOI: 10.1111/}.1469-8749.2011.04166 .

2. Garcia-Contreras AA, Vasquez-Garibay EM, Romero-Velarde E, Ibarra-Gu-
tiérrez Al, Troyo-Sanroman R. Energy expenditure in children with cerebral
palsy and moderate/severe malnutrition during nutritional recovery. Nutr Hosp
2015;31:2062-9. DOI: 10.3305/nh.2015.31.5.8588

[Nutr Hosp 2018;35(4):003-907]



ENERGY EXPENDITURE IS ASSOCIATED WITH AGE, ANTHROPOMETRIC INDICATORS AND BODY COMPOSITION IN CHILDREN

WITH SPASTIC CEREBRAL PALSY

10.

11.

12.

. Walker JL, Bell KL, Boyd RN, Davies PS. Energy requirements in pres-

chool-age children with cerebral palsy. Am J Clin Nutr 2012;96:1309-15.
DOI: 10.3945/ajcn.112.043430

. Kuperminc MN, Gottrand F, Samson-Fang L, Arvedson J, Bell K, Craig GM, et

al. Nutritional management of children with cerebral palsy: a practical guide.
Eur J Clin Nutr 2013;67:521-3. DOI: 10.1038/ejcn.2013.227

. Calis EAC, Veugelers R, Rieken R, Tibboel D, Evenhuis HM, Penning C. Energy

intake does not correlate with nutritional state in children with severe gene-
ralized cerebral palsy and intellectual disability. Clin Nutr 2010;29:617-21.
DOI: 10.1016/}.cInu.2010.02.006

. Campanozzi A, Capano G, Miele E, Romano A, Scuccimarra G, Del Giudi-

ce E, et al. Impact of malnutrition on gastrointestinal disorders and gross
motor abilities in children with cerebral palsy. Brain Dev 2007;29:25-9. DOI:
10.1016/j.braindev.2006.05.008

. Rieken R, Van Goudoever JB, Schierbeek H, Willemsen SP, Calis EAC, Tibboel

D, et al. Measuring body composition and energy expenditure in children with
severe neurological impairment and intellectual disability. Am J Clin Nutr
2011;94:759-66. DOI: 10.3945/ajcn.110.003798.

. Azcue MP, Zello GA, Levy LD, Pencharz PB. Energy expenditure and body

composition in children with spastic quadriplegic cerebral palsy. J Pediatr
1996;129:870-6. PMID: 8969729

. Bell KL, Davies PS. Energy expenditure and physical activity of ambulatory

children with cerebral palsy and of typically developing children. Am J Clin
Nutr 2010;92:313-9. DOI: 10.3945/ajcn.2010.29388.

Hogan SE. Energy requirements of children with cerebral palsy. Can J Diet
Pract Res 2004;65:124-30. DOI: 10.3148/65.3.2004.124

Penagini F, Mameli C, Fabiano V, Brunetti D, Dilillo D, Zuccotti GV. Dietary
intakes and nutritional issues in neurologically impaired children. Nutrients
2015,7:9400-15. DOI: 10.3390/nu7115469.

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,;64:627-34. PMID: 8839510

[Nutr Hosp 2018;35(4):903-907]

13.

14.

15.

16.

17.

18.

19.

20.

21,

913

Garcia-Ifiguez JA, Vasquez-Garibay EM, Garcia-Contreras A, Romero-Velarde
E, Troyo-Sanroman R. Assessment of anthropometric indicators in children
with cerebral palsy according to the type of motor dysfunction and reference
standard. Nutr Hosp 2017;34:315-22. DOI: 10.20960/nh.353.

Stevenson RD. Use of segmental measures to estimate stature in children
with cerebral palsy. Arch Pediatr Adolesc Med 1995;149:658-62. PMID:
7767422

Brown KH. Breastfeeding and complementary feeding of children up to
2 years of life. Agostoni C, Brunser O (eds.). In: Issues in complementary
feeding. Nestlé Nutr Workshop Ser Pediatr Program 2007;60:1-13. DOI:
10.1159/000106340

Bandini LG, Puelzl-Quinn H, Morelli JA, Fukagawa NK. Estimation of energy
requirements in persons with severe central nervous system impairment. J
Pediatr 1995;126:828-32. PMID: 7752018

Culley WJ, Middleton TO. Caloric requirements of mentally retarded chil-
dren with and without motor dysfunction. J Pediatr 1969;75:380-4. PMID:
5804183

Marchand V. Canadian Paediatric Society, Nutrition and Gastroenterology
Committee. Nutrition in neurologically impaired children. Paediatr Child Health
2009;14:395-401. PMID: 20592978. PMCID: PMC2735385

Romano C, Van Wynckel My, Hulst J, Broekaert I, Bronsky J, Dall'Oglio L, et
al. European Society for Paediatric Gastroenterology, Hepatology and Nutrition
Guidelines for the Evaluation and Treatment of Gastrointestinal and Nutritional
Complications in Children with Neurological Impairment. JPGN 2017;65:242-
64. DOI: 10.1097/MPG.0000000000001646

Sert C, Altindag 0, Sirmatel F. Determination of basal metabolic rate
and body composition with bioelectrical impedance method in children
with cerebral palsy. J Child Neurol 2009;24:237-240. DOI: 10.1177/
0883073808323024.

Dickerson RN, Brown RO, Gervasio JG, Hak EB, Hak LJ, Williams JE. Measu-
red energy expenditure of tube-fed patients with severe neurodevelopmental
disabilities. J Am Coll Nutr 1999;18:61-9. PMID: 10067660



