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ABSTRACT. We measured body composition, resting met- 
abolic rate (RMR), and total energy expenditure (TEE) in 
a group of adolescents with cerebral palsy (CP) and mye- 
lodysplasia (M) aged 13- to 20-y-old using indirect calorim- 
etry and the doubly labeled water method. Fat-free mass 
(FFM), RMR, and TEE were significantly lower in both 
the CP and M groups than comparable measurements in a 
control group of normal adolescent males and females. The 
ratio of TEE to RMR did not differ between controls and 
ambulatory M and C P  subjects. However, TEEIRMR was 
significantly lower in the nonambulatory M and C P  sub- 
jects than in controls (p < 0.01). Our data indicate that 
energy requirements are reduced in both populations be- 
cause both FFM and activity are decreased. Although 
energy requirements were decreased in both groups, the 
relationships between FFM and body weight differed. FFM 
and body weight were significantly correlated with RMR 
only in the M group. These data suggest that the type of 
paralysis in a handicapped population may affect resting 
energy expenditure. (Pediatr Res 29: 70-77,1991) 
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stature, and body cell mass are prevalent among children with 
CP. Whether these changes are a consequence of CP or chronic 
undernutrition remains unclear. In contrast, approximately 50% 
of children with M are obese (2). Nonetheless, the short stature 
and possible alterations in body composition in nonobese and 
obese children with M make assessment of nutritional status 
difficult. 

The changes in body composition and physical activity asso- 
ciated with CP and M can be expected to affect energy require- 
ments. Similarly, alterations in energy expenditure might affect 
body composition. The only reported study that measured TEE 
in individuals with CP used heart rate monitoring in conjunction 
with indirect calorimetry (3). Energy expenditure extrapolated 
from heart rate monitoring was measured over 24 h in f o u ~  
subjects and ranged from 1200 to 1850 kcal/d. No comparison5 
were made with normal controls. Furthermore, in our experi- 
ence, anxiety during calibration in children with CP may elevate 
heart rates. The altered relationship between energy expenditure 
and heart rate may produce an underestimation of TEE. Nc 
studies have measured energy expenditure in children or adoles. 
cents with M. 

In our study, we measured TBW and ECW in 13 adolescent: 
with CP and 16 adolescents with M. RMR and TEE werc 
measured in 19 of the 29 subjects by indirect calorimetry anc 
the doubly labeled water method. 

MATERIALS AND METHODS 

Subjects. Subjects with CP ranged in age from 15 to 20 y an( 
included individuals with spastic quadraparesis, diplegia, hemi 
plegia, and athetosis. Subjects with M ranged in age from 13 tc 
24 y. All subjects were recruited from a residential school i~ 
Canton, MA and The Children's Hospital in Boston, MA. All o 
the subjects or their guardians gave informed written consen 
before participation in the study. The study was approved by thc 
Institutional Review Boards of the Massachusetts Institute o 
Technology, Cambridge, MA, Massachusetts Hospital School 
Canton, MA, and The Children's Hospital, Boston, MA. 

Comparisons of body composition and energy expenditur 

Children with physical handicaps are often than were made with a fgoupof healthy adolescents without handicap 
who had participated in a study of energy expenditure in obes healthy children of the same age and sex (1). Reductions in TSF, and nonobese adolescents conducted the same tim 
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Experimental design. Subjects were admitted to the M.I.T. 
Clinical Research Center between 0830 and 0900 h on the day 
of the study. Aside from their handicap, all the subjects were in 
good health. No food or water was allowed after 2200 h on the 
evening before admission. 

Body composition and TEE. After admission to the Clinical 
Research Center, subjects were asked to void and were weighed 
on an Acme (Oakland, CA) scale accurate to 0.01 kg. After 
baseline serum and saliva samples were collected, subjects were 
each given an oral or i.v. dose of water labeled with "0 for the 
measurement of TBW, or both 180 and deuterium for the 
measurement of TEE, and a dose of sodium bromide for the 
measurement of ECW. The dosages were as follows: 0.07 g/kg 
estimated TBW of ''0 for TBW only, 0.25 g I80/kg estimated 
TBW and 0.1 g 'H/kg estimated TBW for the measurement of 
TBW and TEE, and 30 mg/kg of NaBr for ECW. In approxi- 
mately half of the subjects, the dose of NaBr was 74 mg/kg. 
Because the analytic precision improved, the dose was decreased 
to 30 mg/kg NaBr in subsequent subjects. 

Four h after administration of the labeled water and bromide, 
a second sample of serum and/or saliva was obtained to deter- 
mine TBW and ECW. The following morning, the second void 
of the day was obtained for the measurement of "0 and 2H 
enrichment for those subjects participating in the measurement 
of TEE. These samples were used to start the energy expenditure 
period. Subjects, staff, or parents were instructed to obtain a 
urine sample from the subjects on d 7 of the 2-wk period. Those 
subjects who participated in the measurement of TEE returned 
2 wk after the initial admission for another outpatient visit. At 
this time, the second void of the day was obtained to end the 
energy expenditure period. 

Oxygen dilution space (Do) was calculated from the increase 
in 180 enrichment of the 4-h serum and saliva relative to predose 
values as previously described (5). TBW was calculated from Do 
assuming TBW = Do/1.0 1. Extracellular water was calculated 
from the volume of distribution of bromide. 

FFM was determined by dividing TBW by 0.73 (6). Ideal body 
weight was calculated by adding to FFM the average quantity of 
body fat for age and sex (7). The average quantity of body fat for 
a 17-y-old was used for those subjects aged 17-24 because 
Cheek's tables applied only to children and adolescents younger 
than 17 y. 

Measurements of skinfold thicknesses were made at the triceps 
(TSF), biceps, suprailiac (SISF), and subscapular (SSSF) sites 
with Harpenden calipers (Pfister Import-Export Co., Carlstadt, 
NJ). Circumferences of the head, shoulder, neck, biceps, forearm, 
chest, waist, pelvis, thigh, knee, calf, and ankle were also meas- 
ured. Measurements were made in triplicate by a single investi- 
gator and the mean of the measurements used for analysis. 

RMR. Metabolic rate was measured for 30 min by open circuit 
indirect calorimetry with a ventilated hood as previously de- 
scribed (8). Subjects were measured 12-1 4 h after the last meal 
and rested in bed for at least 30 min before the measurement of 
RMR. 

Subjects were familiarized with the hood during a practice 
session before the actual testing. Two wk later, measurement of 
metabolic rate was repeated under the same conditions. The 
intraclass correlation coefficient between the first and second 
measurement was r = 0.858 in the CP group and r = 0.941 in 
the M group. Mean coefficient of variation was 1.4% in the CP 
group and 1.6% in the M group, suggesting that the measure- 
ments were highly reproducible. Because BMR rather than RMR 
was measured in controls, we measured BMR and RMR on the 
same day in a group of normal male subjects (n  = 9). BMR and 
RMR measured on the same day did not differ significantly 
: 1743 versus 1792 kcal/d). 

RMR was calculated from measures of oxygen consumption 
and carbon dioxide production according to Weir's modified 
formula (9). Accuracy of the method for measuring metabolic 
rate was 1.4-3.1 % depending on flow rate (8). 

Dietary intake. Diet records were obtained for the 2-wk period 
of the doubly labeled water study. Records were kept by residen- 
tial staff and parents. In two cases, subjects kept their own diet 
records. Because of the number of caretakers involved, no formal 
instruction could be given on how to keep food records. Metab- 
olizable energy intake and the percentages of carbohydrate, pro- 
tein, and fat in the diet were determined from Handbook no. 
456 (10) and used in the calculation of the FQ. 

Analyses. Methods for the isotopic analyses and the calculation 
of TBW from the ''0 dilution space are described elsewhere (5). 
The mean daily COz production rate (rco, mol/d) was calculated 
using a modification of Lifson's equation (1 1): 

where N is the TBW in mol, ko is the ''0 elimination rate, k~ is 
the 'H elimination rate, and rH,or is the estimated rate for 
isotopically fractionated water loss and is assumed to equal 1.05 
N (1.01 ko - 1.04 kH). The 'H and "0 isotope elimination rates 
were calculated by the two-point method using the isotopic 
enrichment relative to predose and the time difference between 
collection of the initial and final samples: k = (In APE, - In 
APEf)/At, where APE is atom percent excess. The turnover rates 
for and 'H in the CP subjects were 0.0885 k 0.0100 and 
0.0665 + 0.0079/d, respectively. In the M group, the turnover 
rates for '$0 and 2H were 0.1 154 k 0.013 and 0.0899 ? 0.01221 
d, respectively. The use of the two-point method has been 
validated in humans (12). Use of the dilution spaces 1.01 and 
1.04 are validated in our laboratory for lean and obese individuals 
living in the Boston area. These values, however, have not been 
validated in a malnourished group in which there may be an 
excess of ECW. An increase in the ratio of ECW/TBW could 
decrease the ratio of exchangeable protons and alter the assump- 
tion that the ratio of dilution spaces is 1.03. Assuming that the 
dilution space ratio is influenced primarily by the protein to 
water ratio and that the protein to intracellular water ratio is 
constant, we calculate that the largest change in the ECW/ 
intracellular water ratio would result in a deuterium dilution 
space/oxygen dilution space ratio of 1.02 1, which would propa- 
gate to a 3.5% error in energy expenditure relative to the value 
we assumed in our calculations. In four subjects with M, the 
dilution spaces were measured. The mean dilution space ratio 
was 1.035 +- 0.033, which supports the use of our assumed 1.03 
ratio rather than the worst case 1.02 calculation given above. 
However, even if the small alteration in the ratio of dilution 
spaces as a result of an increase in the ECW/TBW ratio occurs, 
the absolute values would differ, but not enough to alter the 
interpretation of the energy expenditure results. 

C 0 2  production and energy expenditure values were average 
values obtained by dividing the cumulative total by the length of 
the metabolic period in days. Under conditions where intake and 
expenditure do not differ by more than 20%, the RQ virtually 
equals the FQ (1 3). The FQ is calculated from the proportion of 
fat, carbohydrate, and protein in the diet. The rate of oxygen 
consumption (V02) was calculated from the measure of COz 
production from 'H2I80 and the FQ (FQ = VC02/V02). An 
error of 0.0 1 in the FQ would be equivalent to a 1 % error in the 
estimation of TEE (12). The average North American diet has a 
FQ of 0.85 (14). Deviations greater than 0.03 U are unlikely 
without significant alterations in the proportion of protein, car- 
bohydrate, and fat in the diet. Furthermore, the mean of meas- 
ured RQ during the RMR was 0.84 in the CP group and 0.82 in 
the M group, confirming the reliability of the calculated FQ. 
Energy expenditure determined from the doubly labeled water 
method was calculated from Weir's equation (9) using CO2 
production measured by doubly labeled water and V02 calcu- 
lated from the FQ. 

The concentration of bromide in serum was analyzed by 
neutron activation (1 5). Intracellular water was calculated as the 
difference between TBW and ECW. We assumed the corrected 
bromide space was equal to the volume of ECW. Corrected 
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bromide space (CBS) was calculated using the following formula body weight from the NCHS growth charts in either group. 
( 16): Although determination of ideal weight from height for persons 

CBS = (Br dose/Br plasma). 0.90 - 0.95.0.94 

where 0.90 is the correction for nonextracellular distribution, 
0.95 is the Donnan equilibration factor, and 0.94 is the propor- 
tion of water in plasma. 

Statistical analysis. Data presented are means f SD. Correla- 
tions were done by Pearson product moment correlation. Body 
composition and energy expenditure between normal and CP or 
M subjects were compared by an analysis of variance (Dunnetts 
test for multiple comparisons; Clinfo Inc., Cambridge, MA). 
Measured and predicted ECW and RMR were compared by 
paired t test. The intraclass correlation coefficient was calculated 
according to Zar (1 7). 

RESULTS 

Body composition. All 13 CP subjects were less than the 25th 
percentile of height for age and eight of the 13 were less than the 
5th percentile on the NCHS growth charts. Only one subject had 
a weight greater than the 50th percentile of weight for age and 
only two had a TSF greater than the 50th percentile expected for 
age (18). Mean BMI was 13.3 -e 2.0 in males and 20.2 _+ 4.5 in 
females. These values are considerably lower than expected for 
age in males but not in females (19). Frequency distributions of 
heightlage, weightlage, TSF/age, and percent body fatness for 
age in the CP group are presented in Figure 1. Because height 
was often below the 5th percentile for age and because most of 
our population was pubertal, we could not determine desirable 

with short stature is sometimes done by estimates of weight for 
height extrapolated to the 50th percentile for age, this approach 
ignores the changes in body composition associated with puberty. 

In the M group, 15 subjects were below the 25th percentile of 
height for age and 13 were below the 5th percentile. Weight for 
age was less than the 25th percentile in seven subjects and greater 
than the 75th percentile in another seven subjects. Twelve of the 
16 subjects had a TSF greater than the 75th percentile expected 
for age (18). Mean BMI was 25.8 f 8.7 in males and 29.0 -c 3.9 
in females. Frequency distributions of heightlage, weightlage, 
TSF/age, and % body fat for the M group are presented in Figure 
1. Individual subject characteristics are presented in Table 1. 

Body composition data for both CP and M subjects are pre- 
sented in Table 2. FFM in the CP group was significantly lower 
than 'that in a normal adolescent population (Table 3) (4). 
Although most of the CP subjects had a low height and weight 
for age, in eight of the 13 subjects body fatness exceeded the 90th 
percentile for age (7). In only two CP subjects was body fat as a 
percent of body weight less than the 5th percentile for age. One 
of these two (subject no. 13) was the subject with athetosis. The 
ratio ECW/TBW was 49.8 f 3.5% in males and 49.2 * 1.9% in 
females and was slightly higher than reported for normal subjects 
(20). 

In the M group, FFM was significantly lower in the females 
with M than in the normal population. FFM was lower in the 
males with M compared with the control group but the differ- 
ences were not statistically significant ( p  < 0.12, Table 3). Despite 
the low height and normal weight, percent body fat in all the 

Cerebral Palsy Myelodysplasia 
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Fig. 1 .  Le), frequency distribution of height for age, weight for age, TSF for age, and % body fat for age in adolescents with CP. Righl, frequency 

distribution of height for age, weight for age, TSF for age, and % body fat for age in adolescents with M. 
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Table I .  Subject characteristics 

Age Ambulatory Ht Wt 
Subject (Y) TY ~e status (cm) (kg) 

Females with CP 
I 17.6 SD* N A t  152.0 6 1.8 
2 19.1 SQ N A 150.2 48.9 
3 18.1 sQ. A A 156.3 48.2 
4 17.7 SQ N A 139.2 48.4 
5 20.0 sQ, A N A 146.5 37.4 
6 17.6 H N A 158.5 50.5 
7 18.1 SD A 155.5 45.6 
8 20.8 SQ A 156.7 53.3 
9 17.6 SQ A 123.0 16.7 

Mean + SD 18.5 + 1.2 148.7 + 1 1.4 45.6 + 12.6 
Males with CP 

10 15.4 SQ A 164.5 35.0 
I I 19.6 SQ A 151.0 31.7 
12 15.2 SQ N A 123.0 16.2 
13 18.7 A, SQ N A 165.0 42.2 
Mean + SD 17.2 + 2.3 150.9 & 19.7 31.3k 11.0 

Females with M 
I 13.9 N A 148.5 63.8 
2 14.5 A 162.5 91.1 
3 23.5 A 135.8 67.4 
4 16.3 A 150.0 59.7 
5 17.8 A 147.0 62.4 
6 15.2 A 138.5 45.1 
7 18.0 N A 124.0 41.4 
8 15.9 N A 133.5 52.9 
9 16.9 NA 135.0 44.9 

10 18.3 N A 137.3 5 1.2 
I I 14.0 A 155.0 76.2 
Mean + SD 16.8 2 2.7 142.5 + 1 1 . 1  59.6 + 14.9 

Males with M 
12 16.2 A 165.1 105.4 
13 19.1 N A 164.5 83.7 
14 17.5 A 160.5 48.5 
15 18.4 A 156.8 51.3 
16 17.7 N A 128.7 34.5 
Mean k SD 17.8 2 1.1 155.1 + 15.1 64.7 + 29.0 

* Types of CP: SD, spastic diplegia; SQ, spastic quadraparesis; H, hemiplegia; A, athetosis. 
t Ambulatory status: NA, nonambulatory; A, ambulatory. 

subjects with M was above the 95th percentile for age. The ratio (1388 k 145 versus 1227 f 208, p < 0.01) (Fig. 2). Observed 
of ECWITBW was 53.7 + 4.4 in the females and 50.7 & 3.8 in RMR in the M group was not significantly different from that 
the males. Both ratios are higher than reported for normal predicted by measures of FFM derived from a control population 
subjects (20). of normal adolescents (4). 

Correlation analysis between anthropometric indices and body Eight of the nine CP subjects were females with spastic quad- 
composition data in the CP and M groups was only done for raparesis. The 9th subject was a male who was primarily athetoid. 
females because of the small number of male subjects. BMI, Therefore, we only compared RMR and TEE in the eight CP 
TSF, SISF, SSSF, and circumferences of biceps, waist, forearm, females with a control group consisting of 10 normal female 
and knee were highly correlated with measures of body fatness adolescents in whom we measured BMR and TEE (4). Charac- 
in the CP group (Table 4). In the M group, the correlation of the teristics of the two groups are presented in Table 6. Data for 
anthropometric indices with percent body fat did not reach control and M males are presented in Table 7. 
statistical significance. The correlation of body fatness and sub- TEE consists of the energy expended at rest (RMR), activity, 
scapular thickness was r = 0.55 ( p  < .08). and thermogenesis. In this study, RMR and TEE were signifi- 

Energy expenditure. Nine CP subjects and nine M subjects cantly lower in the CP and M females than in adolescents of the 
participated in the study of energy expenditure. Individual results same age and sex. 
are presented in Table 5. The ratio TEE/RMR is an expression of the amount of energy 

The relationship of RMR and TEE with FFM was not statis- expended above resting and represents the energy spent on 
tically significant ( r  = 0.55 and 0.47, n = 9) in the CP group nor activity and the thermic effect of food. Because we did not find 
was the relationship of FFM with intracellular water ( r  = 0.55, a sex difference in this ratio in a previous study of normal 
n = 9). The lack of correlation may be due to the similarity in adolescents (4), we combined males and females to compare this 
FFM among subjects (range 28.9-4 1.1 kg). In contrast, RMR ratio among controls, ambulatory, and nonambulatory subjects. 
and TEE were significantly correlated with FFM ( r  = 0.79 and r The ratio TEE/RMR was significantly lower in the CP and M 
= 0.8 1, respectively) in the M group. RMR predicted from the subjects than in the control group (Table 8). No significant 
FAO/WHO/UNU equations (2 1) did not differ from measured differences existed between controls and ambulatory CP and M 
RMR in the CP group (1 270 & 13 1 versus 1236 f 13 1 kcal/d), subjects. The ratio TEE/BMR was significantly reduced in those 
but was significantly higher than measured RMR in the M group CP and M subjects who could not ambulate. 
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Table 2. Body composition* 

Subject TBW (kg) ECW (kg) ECW/TBW FFM (kg) % Fat % IBW 

Females with CP 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Mean + SD 
Males with CP 
10 
1 1  
12 
13 
Mean + SD 

Females with M 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I I 
Mean + SD 

Males with M 
12 
13 
14 
15 
16 
Mean + SD 

*Abbreviations: % Fat, percent body fat; % IBW, percent ideal body wt; ND, not done. 

Table 3. Comparison of body composition of normal 
adolescents and adolescents with CP and M Table 5. Energy expenditure in adolescents with CP and M 

n FFM (kg) % Fat 
RMR TEE 

Subject Sex* (kcal/d) (kcal/d) TEE/RMR FQ 
Females ,-.n 

Lr 
Normal 10 40.9 + 5.3 24.7 + 7.3 
CP 

1 F 1362 1570 1.15 
9 30.0 + 6.4* 33.2 + 9.3 0.89 

M I I 31.7 + 8.3* 46.4 + 6.1 * 2 F 1343 1665 1.24 0.86 

Males 
3 F 1180 2512 2.13 0.88 

Normal 9 49.9 + 8.2 14.5 k 4.5 
4 F 1252 1256 1 .OO 0.87 

CP 4 27.7 + 1 1.7* 13.2 + 7.9 5 F 1083 1607 1.48 0.87 

M 5 41.4k12.8 32.7 + 10.2* 6 F 1176 1567 1.33 0.88 
7 F 1053 1727 1.64 0.87 

* p < 0.0 I (differences between normals and CP or M). 

Table 4. Correlation of anthropometric measures and body 
fatness in adolescent girls (n = 9) with CP 

Measure r P 

BMI 0.97 <O.OOO 1 
TSF 0.80 <O.O 1 
S l S P  0.9 1 CO.0 1 
Biceps circumference 0.90 <O.OOl 
Knee circumference 0.97 <0.0001 
Waist circumference 0.96 <O.OOOl 
Forearm 0.83 <0.01 
SSSF 0.70 <0.05 * F, female; M, male. 

t ND, not done. *n=8. 
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I J 
Cerebral Myelodysplasia 

Palsy 
Fig. 2. Individual RMR as a percentage of that predicted from the 

FAO/WHO/UNU equation. 

Table 6. Comparison of body composition and energy 
expenditure in normal adolescent girls and those with 

CP and M 
- -- 

Normal CP M 

n 10 8 7 
Age (Y) 14.1 + 1.0 18.6 + 1.27 16.6 + 1.6t 
Ht (cm) 16 1.6 + 6.2 15 1.9 + 6.0* 138.6 + 9.9t 
Wt (kg) 54.8 + 8.8 49.3 + 6.9 53.4 + 12.1 
FFM (kg) 40.9 + 5.3 32.0 + 2.4t 29.3 + 5.7t 
% Fat 24.7 + 7.3 34.3 + 8.1* 44.6 + 5.57 
RMR (kcal/d) 1431 + 100 1209 + 1 1  It 1227 + 258t 
TEE (kcalld) 2421 f 48 1 1733 + 370t 1476 + 328t 

* p < 0.05. 
t p  < 0.01. 

Table 7. Comparison of body composition and energy 
ex~enditure in adolescent males with and without M 

Normal males Males with M 
-- 

n 
Age (Y) 
Wt (kg) 
Ht (cm) 
FFM (kg) 
% Fat 
RMR (kcal/d) 
TEE Ikcalld) 

DISCUSSION 

Most adolescents with CP and M are shorter than their peers 
and often below the 5th percentile of height for age (22, 23). In 
CP, chronic undernutrition may be produced by low energy 
intakes or increased energy expenditure. Obesity is frequently 
found in M (2) and may result from a decrease in energy 
requirements. Thus, these two groups lie at opposite ends of the 

Table 8. Effect of ambulation on energy expenditure 
n TEE/RMR 

Normal females and males 19 1.76 + 0.25 
CP 

Ambulatory 3 1.79 + 0.29 
Nonambulatory 6 1.23 + 0.16* 

M 
Ambulatory 4 1.5 1 + 0.06 
Nonambulaton, 5 1.20 + 0.22* 

clinical spectrum and provide an excellent opportunity to com- 
pare and contrast anthropometric indices and energy metabo- 
lism. 

We assessed nutritional status in individuals with both handi- 
caps using standard measures obtained from the NCHS growth 
charts and skinfold thickness and compared these findings with 
direct measures of body composition. Indices based on height 
and weight for age and TSF suggested chronic undernutrition in 
the CP population. In the M group, indices based on height for 
age suggested a chronically undernourished population, although 
those based on weight for age and TSF suggested that at least 
half of the population was overweight. 

Measures of body composition did not agree consistently with 
height, weight, or TSF data in either the CP or M group. The 
observed ratio ECW/TBW in both CP and M males and females 
was higher than that reported in the literature (20). Increases in 
ECW have been associated with malnutrition (20), but in our 
subjects TBW as a percentage of body weight was not increased. 

Body fatness was calculated from TBW measurements and 
was greater than the 95th percentile for age in half of the CP 
subjects and all of the M subjects. However, observed ECW was 
significantly greater ( p  < 0.0001) than that predicted by regres- 
sion equations based on TBW (24). Our measures of body fatness 
determined from 1 8 0  dilution assumed a hydration factor of 0.73 
for FFM. The increase in the ECW/TBW ratio may be due to a 
loss of body cell mass or an increase in the hydration factor. In 
the M group, the increased adiposity may be responsible for the 
increase in the ECW/ICW ratio (25). An increase in the hydra- 
tion factor would diminish calculated FFM; body fat would 
appear increased. An alternate explanation for the CP group is 
that tonic muscle contractures depleted body glycogen. De- 
creased glycogen would reduce intracellular water and increase 
the ECW/TBW ratio. 

Because of the discrepancies between the use of height, weight, 
TSF and body composition data to determine nutritional status, 
we examined the relationship of several other anthropometric 
indices with body fatness calculated from the body composition 
data. Body fat was calculated by subtracting FFM from body 
weight. The percent of body weight as fat was equivalent to body 
fat/body weight x 100. In the adolescent CP females, TSF, SSSF, 
SISF and waist and knee circumference correlated significantly 
with percent body fat. These correlations suggest that anthropo- 
metric indices may be useful to assess nutritional status in 
individuals with CP. 

The lack of a significant correlation between skinfold thickness 
and body composition in the M group suggests that fat distribu- 
tion may be altered in individuals with this type of paralysis. M 
patients often lack movement in their lower extremities. Because 
fatness increases over paralyzed limbs (26), TSF measures may 
be less valid indicators of body fatness than lower extremity 
skinfolds. Because M individuals may have an altered fat distri- 
bution, regression equations specific to this population should 
be developed. Larger samples should be examined in both the 
CP and M groups to determine the best predictor of body fatness. 
Furthermore, these data emphasize the importance of specific 
regression equations for different groups to achieve valid infor- 
mation regarding the use of anthropometry to assess nutritional 
status. 
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Energy expendilure. RMR expressed in kcal/d was signifi- 
cantly lower in adolescents with CP or M than in a control group 
of normal adolescents, suggesting that energy requirements are 
reduced. The expression of the data, however, requires normali- 
zation for body size and composition. 

In normal adolescents, FFM correlates with BMR (4). Lack of 
a significant correlation between RMR and FFM in CP may be 
due to several factors. The most likely explanation is that our 
sample size was small and the range of FFM in the group too 
narrow for an adequate correlation analysis. Second, our subjects 
consisted of a heterogeneous group with varying types of CP. 
Spasticity may have been so variable that the relationship of 
RMR to FFM was obscured. Although all subjects were in a 
resting state, increased muscle tone of CP subjects may have 
prevented a state of muscle relaxation comparable to normal 
subjects. The effect of spasticity on RMR can be estimated from 
the slopes of the regression FFM:RMR in normal and CP sub- 
jects. However, a comparison of the relationship of RMR:FFM 
between normal controls and CP subjects could not be done in 
this study because the CP sample size was so small. 

The significant correlation observed between FFM and RMR 
in the M group and the lack of a difference between the observed 
RMR and that predicted from a regression equation from normal 
adolescents suggests that the relationship of FFM and RMR is 
not altered in the M group. This finding supports the hypothesis 
that the decrease in RMR reflects a decrease in FFM rather than 
altered metabolic activity. 

The differences in the relationship of FFM and RMR between 
CP and M suggest that the type of paralysis may affect basal 
energy expenditure. For example, variable spasticity associated 
with CP may confound any relationship between FFM and 
RMR, whereas the consequences of M are more homogenous. 
In the M group, the decrease in FFM is associated with an 
increase in body fat. This alteration in body composition may 
explain the lack of reliability of the FAO/WHO/UNU equation 
to estimate RMR in the M group. 

TEE expressed in kcal/d was significantly lower in CP and M 
adolescents. Part of the decrease reflects decreased RMR. The 
other major determinant of energy needs appears to be ambula- 
tion. Lack of ambulation in both CP and M significantly reduced 
nonbasal energy expenditure. These data suggest that the energy 
cost of daily living activities in ambulatory subjects was compa- 
rable. 

Our energy expenditure data, however, do not support the 
previous reports of massive energy requirements in CP subjects 
(27, 28). The lack of formalized instructions in diet record 
keeping and the number of caretakers involved in the recording 
made estimates of metabolizable energy intake unreliable. Be- 
cause of the oral motor problems associated with CP, much of 
the food provided may be lost to spillage, which may produce 
overestimates of energy expenditure. Oral motor impairment, 
when superimposed on a CNS insult, may limit food intake and 
exacerbate the growth retardation in this population (29). Be- 
cause our studies were not prospective, we do not know whether 
the short stature in CP subjects was associated with chronic 
undernutrition or whether more aggressive nutritional interven- 
tion at an early age would have altered growth. 

The factorial approach suggested by FAO/WHO/UNU a p  
pears to be a useful guide to approximate energy needs in the CP 
population. BMR calculated from the F A 0  equations will yield 
results + 10% of individual needs. For nonambulatory adoles- 
cents with CP, estimated daily energy expenditure is 1.2 times 
BMR. The highest ratio appeared in an ambulatory female with 
both spastic quadraparesis and athetosis. For ambulatory adoles- 
cents, estimated TEE ranges from 1.6 to 2.1 times BMR. Our 
data suggest that the factorial approach should be used as a 
guideline for patients with CP, and energy intake should be 
adjusted based on changes in weight and fatness. 

The FAO/WHO/UNU equation appears to overestimate 
RMR by a mean of 15% in the M group. After adjusting 

predicted RMR for this overestimation and using activity factors 
representative of our subjects (1.2 for nonambulatory subjects 
and 1.5 for ambulatory), the factorial approach presented by the 
FAO/WHO/UNU may be used as a guideline to determine 
energy requirements and energy intakes needed for weight loss 
in adolescents with M. Nonetheless, the potential error intro- 
duced by these assumptions may be considerable. Therefore, 
careful monitoring of body weight and frequent reevaluation of 
the diet are crucial. 

Our data suggest that children with M are clearly at risk for 
obesity. Short stature and a decrease in FFM and activity all 
contribute to a reduction in TEE in the adolescent with M. In 
the females, TEE differed by a mean of 1000 kcal/d between 
controls and M subjects. Low energy expenditure limits the 
energy deficit during hypocaloric treatment and makes weight 
reduction extremely difficult. 

Although we did not study children, the reduction in expend- 
iture and the significant prevalence of obesity in adolescents with 
M suggest that weight gain and energy intakes should be moni- 
tored carefully during childhood. In four girls aged 5-10 y with 
M (data not presented), mean percent body fat was 46.2 f 1.7%, 
indicating that they were already obese. TEE measured in the 
10-y-old was only 895 kcal/d. Although preliminary, these data 
suggest that energy requirements in young children with M are 
already significantly lower than those of normal children. Suc- 
cessful prevention requires parental awareness of the reduced 
energy requirements. Dietary habits and caloric intakes should 
be evaluated in children whose weight exceeds the 50th percentile 
for age and nutrition intervention provided as needed. 

In summary, our data suggest that the energy needs of adoles- 
cents with either M or CP are significantly lower than normal 
age peers. In the CP group, anthropometry to determine nutri- 
tional status may be as accurate as body composition providing 
that standards specific for this population are developed. Energy 
requirements appear to be primarily affected by ambulation. The 
effect of spasticity on RMR in CP and the best measure of body 
composition in M warrant further investigation. Differences in 
energy needs should be considered in the dietary management 
of these groups of patients to prevent malnutrition. 
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