
Paraplegia 28 (1990) 448--454 0031-1758/90 002l<-0448 $10.00 

© 1990 International Medical Society of Paraplegia 

Paraplegia 

Body Composition and Resting Energy 
Expenditure in Long Term Spinal Cord 
Injury 

D. A. Sedlock, PhD, S. J. Laventure, MS 

Exercise Physiology Laboratory, Purdue University, West Lafayette, Indiana 47907, 

USA. 

Summary 

Body composition and resting metabolic rate (RMR) were measured in 4 spinal cord 

injured (SCI) paraplegic men. The level of lesion ranged from T4 to Ll, and the 

duration of disability averaged 7'4 ± 3'3 (SEM) years. Hydrodensitometry was used to 

determine percent body fat, fat mass and lean body mass (LBM). RMR was measured 

following a 12-hour fast and 24 hours post-exercise using a ventilated hood. RMR was 

also predicted from LBM values based on the equation of Cunningham (1980). Results 

of the body composition measurements indicated a greater than average amount of body 

fat for men of this age group. RMR and LBM were significantly correlated (r = 0'98, 

P < 0'02). However, measured RMR values were lower than predicted in 3 of the 4 

subjects, especially when LBM was relatively low. Further investigation into the 

relationship between LBM and RMR in SCI individuals is warranted using a larger 

sample size and with subjects representing a wide range of lesion level. 
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Results of extensive epidemiological research have led to the identification of 
several factors which increase the risk of developing coronary heart disease. One 
of these factors is obesity (Hubert et al., 1983). Increased levels of stored body fat 
are the result of a positive energy balance, which occurs when energy intake 
exceeds energy expenditure. Whereas energy intake is dependent on food ingestion, 
the major components of energy expenditure include resting metabolic rate (RMR), 
dietary induced thermogenesis, and physical activity. Recent evidence shows that, 
in many cases, increasing levels of body fat are more closely related to decreases 
in energy expenditure rather than to increased energy intake (Keen et al., 1979; 
Stunkard and Penick, 1979). 

In sedentary popUlations, RMR is the greatest contributor to energy expenditure, 
estimated by some to account for up to 80% of the total daily energy requirement 
(Tremblay et al., 1985). Because of the extremely sedentary lifestyle of spinal cord 
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injured (SCI) and other lower body disabled individuals, they tend to exhibit 
higher than average values of body fat and are at greater risk for developing 
cardiovascular disease (Cowell et ai., 1986; Rose et ai., 1987). For these individuals, 
RMR is of critical importance to their energy balance, weight regulation, and long 
term health status. 

RMR has been shown to be significantly correlated with several indices of body 
size or mass, such as body weight, body surface area, and lean body mass (LBM). 
Of these, the best singular predictor of resting energy expenditure is LBM 
(Tzankoff and Norris, 1978; Ravussin et ai., 1982; Segal et ai., 1985). Given that 
many lower body disabled individuals, especially paraplegics, show some degree 
of skeletal muscle atrophy in the affected areas, it is possible that this diminished 
LBM may be reflected in a lower RMR. However, few studies have examined the 
resting energy expenditure of SCI individuals (Cooper et ai., 1950; Clarke, 1966; 
Mollinger et ai., 1985). Results of these studies are inconsistent regarding the 
possibility of a reduced RMR. Moreover, RMR is expressed in these studies either 
in absolute terms, or relative to body weight or body surface area. To our 
knowledge, there is no literature which examines the resting energy expenditure 
of SCI individuals relative to their body composition. Therefore, the purpose of 
this study was to examine the body composition and RMR of individuals with 
long-standing paraplegia. 

Methods 

Subjects 

Four young adult males with a mean (± SEM) age of 27'7 ± 2'3 years and self­
reported height of 180'5 ± 2'5 cm volunteered for the study. All were paraplegics 
with a level of spinal cord lesion ranging from T4 to L1 and a mean duration of 
7'4 ± 3'3 years of disability. They were free from decubitus ulcers and were 
otherwise healthy during the study period. The procedures used in this study were 
reviewed and approved by the institutional committee for research involving 
human subjects. All subjects acknowledged understanding the nature of the study, 
the extent of their participation and their rights as subjects by signing a statement 
of informed consent. 

Body composition 

Body density was determined using the hydrostatic weighing technique, with 
residual lung volume measured by oxygen dilution (Wilmore et ai., 1980). Body 
density was converted to percent body fat using the equation of Siri (1956), and 
LBM was calculated by subtracting fat mass from total body weight. 

Resting metabolic rate 

RMR was measured between 07:00 and 08:00 following a 12-hour fast and a 
minimum of 24 hours post-exercise. Subjects lay supine on a standard hospital 
bed for 1 hour while oxygen uptake (V02) and carbon dioxide production 
(VC02) were measured by indirect calorimetry using a ventilated hood apparatus 
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(SensorMedics Horizon System, Annaheim, CA). The first 30 minutes were 
considered an adaptation period, and the average of the minute values for V02 
obtained during the last 30 minutes was calculated as RMR. RMR was converted 
to caloric expenditure from V02 and ve02 measurements using the Weir formula 
(1949). Additionally, RMR for each subject was predicted from LBM based on 
the following equation (Cunningham, 1980): 

Results 

Body composition 

RMR (KcaVday) = 501·6 + 21·6 (Kg LBM) 

Table I Mean (± SEM) values for body composition of 
the subjects 

Variable X SEM 

Weight (Kg) 73-3 4·9 
Body density (gm/cc) 1·047 0·006 
Relative fat (%) 23-0 2"7 
Fat mass (Kg) 17·1 z.g 
Lean body mass (Kg) 56·3 3·5 

The body composition values are shown in Table I. Results show that the subjects 
were of average body weight; however, relative fat values were higher than the 
average for this age group. 

Resting energy expenditure 

Table II Mean (± SEM) values for resting energy expenditure of the subjects 

Variable X SEM 

Oxygen uptake (Llminute) 0·22 0·03 
Respiratory exchange ratio 0·80 0·04 
Resting energy expenditure 

(KcaVhour/Kg) 0·87 0·06 
(KcaVhour/Kg LBM) 1·12 0·06 
(Kcallday) 1530 165 

Resting energy expenditure 
predicted from Cunningham (1980) 

(Kcal/day) 1718 75 

Table II and the Figure show values for actual and predicted resting energy 
expenditure. Absolute values for RMR (KcaVminute or Kcal/day) were significantly 
correlated with LBM in the SCI subjects (r = 0·98, p < 0·02). However, these 



RESTING METABOLIC RATE 451 

RMR (keel/dey) 
2200 

2000 .. 
t::. 

1800 

0 
0 

1600 
• 

• 
1400 

1200 

1000 
45 50 55 60 65 70 

LEAN BODY MASS (kg) 

Figure Relationship between lean body mass and both actual (filled symbols) and predicted (open 
symbols) resting metabolic rate (RMR) for the subjects. Predicted values were calculated using the 
equation of Cunningham (1980). 

values were substantially lower than the predicted RMR in 3 of the 4 subjects, as 
can be seen in the Figure. The percentage difference between actual and predicted 
RMR values for the subjects were 24%, 16%, 9% and - 3%. 

Discussion 

This study was designed to investigate the relationship between body composition 
and RMR in a group of SCI men. Although some authors have reported resting 
and/or basal metabolic rates for various groups of wheelchair-dependent persons 
(Cooper et at., 1950; Clarke, 1966; Mollinger et at., 1985), none have examined 
this relationship according to body composition measurements. Our results showed 
a significant relationship to exist between RMR and LBM for the subjects of this 
study. These results should be interpreted cautiously, however, due to the limited 
sample size. 

Hydrostatic weighing is currently the most widely accepted standard for 
determining body composition. In order for this technique to be valid, several 
assumptions must be met, including those pertaining to the constancy of the 
density of lean tissue. One might question the validity of applying this measurement 
technique to a group of SCI individuals, given the changes that occur in the 
composition of the tissue in the affected limbs (Cowell et at., 1986). However, 
nearly identical values for percent fat have been reported for densitometry and 
potassium 40 (4°K) measurements in paraplegic women (Lussier et at., 1983). 
Additionally, Bulbulian et at. (1987) have suggested that prediction of body 
composition in paraplegics by hydrostatic weighing, in combination with the use 
of the equation of Siri (1956) for converting density to percent fat, seems to result 
in values that are within the expected range of error for this technique. Therefore, 
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this method of determining body composition was chosen for the study. 
Results of the body composition analysis indicated that our subjects were not 

necessarily overweight, but had a relatively high body fat content (Table I). Given 
that the average body fat value for able-bodied (AB) men of this age group is 
approximately 15% (McArdle et ai., 1986), the mean value of 23% is indicative of 
a surplus of stored energy. In this regard, our results compare favourably with 
those of Rose et ai. (1987) who reported relative body fat values of 23.2 and 22.6% 
for bilateral above the knee amputee and unilateral below the elbow amputee 
combat veterans, respectively. 

The correlation of r = 0'98 found between RMR and LBM in the SCI men was 
relatively high, and may have been partially influenced by sampling. However, 
the results indicate that, similar to the AB popUlation, RMR seems to be 
significantly related to LBM in low level paraplegics. These results could be 
expected based upon the factors that are known to contribute to RMR. That is, 
the majority of energy expended during rest can be accounted for by the relatively 
high metabolic activity of the viscera, with skeletal muscle accounting for only 
about 17% of the total energy expenditure (Bray and Atkinson, 1977). Since the 
tissue atrophy that occurs consequent to low level spinal cord transection involves 
mostly skeletal muscle, it follows that a high correlation should exist between 
RMR and LBM in these individuals. 

An examination of Table II and the Figure indicates that although a significant 
relationship between RMR and LBM has been shown to exist for our subjects, 
actual RMR was lower than what was predicted from LBM values, particularly 
when LBM was relatively low. In other words, those individuals with low LBM 
values tended to show a more suppressed RMR than those men with a higher 
LBM component. It is possible that this altered relationship between RMR and 
LBM in SCI individuals might be influenced by the level of the spinal cord lesion. 
Mollinger et al. (1985) found a significant inverse correlation between level of 
lesion and basal metabolic rate in post-acute SCI individuals who were divided 
into 4 groups based on their level of lesion: high quadriplegia (C6 or higher), low 
quadriplegia (C6-Tl), high paraplegia (TI-TlO) and low paraplegia (TlO or 
below). Although the range of lesion level and number of subjects in the present 
study were too small to perform this type of analysis, it is interesting to note that 
the lowest value for RMR was found in the subject with the highest level of lesion 
(T4). This subject also had the least amount of LBM and was the only one of the 
4 subjects who would be classified as high paraplegia according to Mollinger et ai. 
(1985), the remaining subjects being of low paraplegia. In this regard, our data 
tend to support the findings of Mollinger et ai. (1985). 

The relationship between RMR and LBM could be affected by spinal cord 
transection if the lesion was at a level that would influence the integrity and 
metabolic activity of tissues that contribute to the majority of the resting energy 
expenditure. In paraplegia, for example, if the lesion was between T1 and TlO (as 
in the classification of high paraplegia), the affected areas would include the 
intercostal and thoracic muscles, abdominal muscles, part of the gastrointestinal 
tract, as well as the kidneys (Glaser, 1985). However, a lesion below this level 
would affect predominantly lower extremity skeletal muscle, which contributes 
little to resting energy expenditure. Therefore, as the level of lesion in the spinal 
cord becomes higher, greater amounts of muscle tissue are subjected to inactivity 
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and subsequent atrophy (which will decrease the quantity of LBM of the 
individual). Moreover, a higher level of lesion will affect the metabolic activity of 
more of the organic tissues that are major contributors to RMR. All of these factors 
could influence LBM and RMR in the SCI population in a way that would make 
this relationship different than what would be found in the AB population. Future 
investigations should be directed towards a further exploration of the relationship 
between RMR and LBM in individuals with a wide range in the level of spinal 
cord lesion. 

This study was an initial attempt to investigate the relationship between RMR 
and LBM in paraplegics. Despite a limited sample size, our results show that there 
was a significant correlation between RMR and LBM in the SCI subjects. However, 
the relationship between these two variables seems to differ from predicted values 
based on data obtained from the AB population. Further investigation in this area 
using a larger sample size is warranted, especially with subjects representing a 
wide range of lesion level. 
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