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The development of a preliminary regression  
equation for estimating the weight of black South African  

paraplegic males using anthropometric measurements  
in Tshwane, South Africa

Introduction 

Anthropometric data plays an important role in the evaluation of 
nutritional status as it characterises persons with unusual properties 
of stature, weight, body fat and muscle percentage. However, persons 
with spinal cord injury (SCI) have a reduced physical capacity which 
changes their body composition.1 A lesion of the spinal cord leads to 
denervation of the muscles below that lesion, which leads to disuse 
atrophy and a loss of lean body mass. This loss of lean body mass 
has been associated with a lower metabolic rate.2 Another factor 
that influences lean body mass in some SCI persons is spasticity.3 
Spasticity refers to the involuntary muscle contraction below the 
level of injury that results from lack of inhibition from the higher 
central nervous system. Lean mass appears to be better maintained 
in persons with spasticity when compared to individuals with flaccid 
paralysis. Spasticity is more common in the acute paraplegic 
patient, but can still be present in the stable paraplegic person.4 
It has been reported that resting metabolic rate of spinally injured 
subjects does not differ from that of healthy controls after adjusting 
for fat free mass.5 The average fat percentage and fat mass were 
reported to be significantly higher in sedentary spinal cord injured 
persons compared to active spinal cord injured persons.6 The 
decreased energy expenditure of spinal cord injured subjects can 
mainly be explained by the lower levels of spontaneous physical 

activity.7 A spontaneous increased energy intake8 together with a 
general immobility of spinally injured subjects may predispose such 
individuals to overweight and obesity. In this regard, it has been 
reported that paraplegia is associated with an increased incidence 
of coronary heart disease and type II diabetes at a younger age  
when compared with that of the able-bodied population. In addition 
to the risk for diseases of lifestyle, obesity is known to increase the 
risk for developing pressure ulcers and reduces independence in 
transfer activities.1

Although it would appear that overweight and obesity is of greater 
concern than underweight in the paraplegic person,1,9,10 the latter 
should not be overlooked. SCI individuals are particularly susceptible 
to pressure ulcers. Patients with pressure ulcers have increased 
protein and energy needs due to the increased need for wound 
healing and tissue epithelialisation, a catabolic state which, in the 
longer term, may predispose to underweight.11 Other causes of 
underweight among such individuals include depression and physical 
difficulties in the preparation and eating of food.12 

It is therefore important to monitor the nutritional status of these 
patients to prevent malnutrition and to implement effective nutritional 
interventions, when necessary. In this clinical setting, monitoring of 
weight forms part of the routine evaluation of nutritional status since 
it is used as the basis for the calculation of daily protein and energy 
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requirements. Specialised equipment is however needed to weigh 
paraplegic persons, such as a sitting scale, platform wheelchair 
scale or bed scale. Unfortunately the availability of such equipment 
in developing countries is limited and in such circumstances a 
regression equation to estimate weight from surrogate anthropometric 
measurements might prove to be very useful. Similar equations have 
been developed for able-bodied adults but not yet for paraplegic 
persons.13 The aim of this study was to develop such an equation for 
black South African paraplegic males attending the paraplegic clinic 
of Kalafong Hospital, Tshwane, South Africa.  

Methods 

This was a cross-sectional study. Subjects (n = 43) were recruited 
from the paraplegic outpatient clinic of Kalafong Hospital, Tshwane, 
in South Africa. All subjects who attended the spinal clinic during the 
study period from November 2004 to March 2005 and who complied 
with the inclusion criteria were included in the study.

The following inclusion criteria were used: 1) black males, 18 to 
60 years of age, 2) paraplegics with a level of injury of T2–L3, 3) 
paraplegics with a complete lesion (total absence of sensory and 
motor function below the level of injury), and 4) the injury should 
have occurred more than one year prior to the day of the current 
investigation. This time span was chosen as the most significant 
changes in body composition would have occurred after a year 
had elapsed since injury.2 Changes in body composition have been 
reported to follow a log curve that levels off between one to three 
years after injury.14  

Exclusion criteria included the following: 1) subjects with a level of 
injury above T2, 2) subjects with an incomplete lesion, 3) subjects 
of the white, coloured and Indian ethnic groups, 4) subjects with 
amputations, 5) subjects with oedema, 6) subjects with contractures 
that prevented accurate measurement of one or more of the selected 
parameters in the study, 7) subjects younger than 18 years of 
age, and 8) females. Some of the exclusion criteria reflected the 
characteristics of the majority of the population served by the clinic 
in which the study was implemented.

Study outcomes 

During the study, 12 variables were assessed for possible inclusion 
in a regression equation to estimate the body weight of paraplegic 
persons. The following anthropometric measurements formed 
part of the 12 parameters: upper-arm length, chest, neck, wrist 
and calf circumference, supine length, waist and mid upper-arm 
circumference (MUAC). The other parameters recorded included age, 
time since injury, level of injury and level of spasticity. 

Reproducibility of anthropometric measurements was evaluated by 
calculating the technical error of measurement (TEM).15 This was 
obtained by carrying out two repeat measurements on the same 
subject in 10 subjects.   

Procedures

The study was approved by the Committee for Human Research of the 
Faculty of Health Sciences, Stellenbosch University. After providing 
written informed consent, the following demographic data were 
recorded for each subject: age, time since injury and level of injury. 
Subjects were then weighed, using a platform electronic wheel chair 

scale (SCALES 2000; Electronic digital wheel chair platform scale, 
Model WCS, Durban, South Africa). Standard methods were used 
to take the anthropometric measurements of the subjects.13,16,17,18  
It was possible to measure the right side of all the subjects. The 
following measurements were taken while the subjects were sitting 
in their wheel chairs: upper-arm length13 and chest,18 neck,18 wrist,13 
and calf circumference.13 All the subjects were able to transfer 
themselves, without assistance, from their wheel chairs onto the 
examination bed where the supine length,13 waist18 and MUAC17 of 
the subjects were measured. Some subjects had increased muscle 
tone in their legs due to spasticity. The researcher straightened their 
legs, while they were lying in the supine position, in order to measure 
supine length. The weight of the wheelchair was weighed by placing 
the wheelchair on the electronic digital wheelchair platform scale 
while the subject was lying on the examination bed. The weight of 
the subject was determined by subtracting the weight of the chair 
from the weight-plus-subject.17 All anthropometric measurements 
were taken in rotational order and repeated three times. The 
average of the three measurements was calculated and used in the 
data analysis.16 The modified Ashworth scale was used to classify 
spasticity (Appendix 1).3 This is the most frequently used scale to 
classify spasticity at Kalafong Hospital. The scale has an inter-rater 
correlation of 0.847 (Kendall’s r-correlation).19 

Data analysis 

Multiple stepwise linear regression was used to analyse the 
relationship between weight as the dependent variable, and age, time 
since injury, level of injury, level of spasticity, supine length, upper-
arm length, MUAC, chest, wrist, neck, waist and calf circumference 
as the independent variables. The level of significance was set at  
p < 0.05 and applied to all tests. The software program Statistica20  
was used to develop the estimation formula and to evaluate 
its accuracy. Descriptive statistics were used to describe the 
characteristics of the population.   

Results

The R value (coefficient of reliability) of two repeated measurements 
was calculated for the repeatability study and was 1 for measuring 
the weight of subject-plus-wheelchair and also for the weight of the 
wheel chair alone (Table I). This indicated that the repeatability of the 
scale to measure the same weight twice was acceptable. The R value 
for all the other measurements was 0.999 or higher, which is also an 
acceptable correlation.  

Table I: Results of the repeatability study

Measurement Technical error of 
measurement

Coefficient of 
reliability (R)

Weight: subject-plus-chair (kg) 0.012 (kg) 1.000

Weight: chair (kg) 0.002 (kg) 1.000

Upper-arm length (cm) 0.026 (cm) 0.999

Waist circumference (cm) 0.153 (cm) 0.999

Calf circumference (cm) 0.046 (cm) 0.999

Chest circumference (cm) 0.125 (cm) 0.999

Neck circumference (cm) 0.112 (cm) 0.999

Wrist circumference (cm) 0.017 (cm) 0.999

Supine length (cm) 0.121 (cm) 0.999

MUAC (cm) 0.049 (cm) 0.999
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Of the possible 62 black male paraplegics who attended the clinic 
at the time of the study, four subjects had to be excluded due to 
amputations, five subjects had had their injuries for less then a year, 
three subjects chose not to take part in the study and seven subjects 
did not attend the clinic during the time of the study. There were  
43 subjects who complied with the inclusion and exclusion criteria of 
the study. The mean age of the 43 subjects was 37.2 years (± 12.4) 
(range 18–60 years). The duration of the subjects’ SCI ranged from 
one to twenty-seven years prior to the study (8.3 ± 7.1 years). No 
subjects had an injury level of T2 or L3 and the highest number of 
subjects with the same level of injury was 7, for levels T12 and T4. 
Many of the subjects of this study did not have spasticity (n = 15). 
The remainder of the subjects did have level 1 (n = 11), level 1+  
(n = 4), level 2 (n = 6) and level 3 (n = 7) spasticity on the modified 
Ashworth scale. 

The correlations between the 12 variables assessed in this study 
and the weight of patients were in the range of 0.89 to a negative 
correlation of -0.09 (Table II). Waist circumference had the strongest 
correlation with weight (R = 0.89). Calf, chest, arm and neck 
circumferences all had a correlation of 0.85 and higher. The following 
variables were significantly (p < 0.05) correlated with weight: 
circumferences of the waist, calf, chest, arm, neck and wrist as well 
as supine length and upper-arm length. The level of injury, level of 
spasticity, time since injury and age did not correlate significantly 
with weight (R < 0.26).

Practicality, strength of the relationship, adjusted R square and 
standard error of estimate were considered when choosing the 
ideal regression equation to estimate weight. This was necessary 
because the more variables there are in a regression equation, the 
more complex the equation and the more impractical it becomes for 
use in clinical practice.    

The strength of the relationship between the predicted weight using 
the regression equation and the actual weight of the subjects was 

evaluated using the square of the multiple correlation coefficient, 
also called the R square value. The closer to 1, the more the variation 
of weight was explained by the equation. The R square value of 
the regression equation, using all 12 variables, was 0.977. If only 
one variable was to be used to develop a regression equation, the 
equation using waist circumference had the best R square value 
(0.794). For each equation with a different number of variables (from 
1 to 12), there was a different R square value (Table III). There are 
many combinations of different variables and different numbers of 
variables to develop regression equations. Only the equations which 
had the best R square values are listed in Table III.

Another criterion that needed to be considered when choosing the 
number of variables in a regression equation was the adjusted  
R square. The adjusted R square value takes into account how much 
of the variation in weight is explained through the equation, but it 
makes the necessary adjustments for the number of variables used. 
As the number of variables in the equation increases, the gap between 
R square and adjusted R square value will also increase (Table III). 
This is another reason why the equation with all 12 variables was 
not necessarily the better equation to use even if it had the highest 
R square value.    

The standard error of estimate is a measure of the accuracy of 
estimations made with a regression equation. The clinical significance 

TableII: The correlation between the patient’s actual weight and the 
variables measured in the study

Variable R square 
Pearson correlation 

coefficient (R)
p-value

Waist circumference (cm) 0.794 0.89 < 0.0001

Calf circumference (cm) 0.786 0.88 < 0.0001

Chest circumference (cm) 0.756 0.87 < 0.0001

MUAC (cm) 0.748 0.86 < 0.0001

Neck circumference (cm) 0.735 0.85 < 0.0001

Wrist circumference (cm) 0.564 0.75 < 0.0001

Supine length (cm) 0.314 0.56 < 0.0001

Upper-arm length (cm) 0.140 0.37 0.0135

Age (years) 0.069 0.26 0.0879

Level of injury 0.066 -0.25 0.0953

Time since injury (years) 0.012 0.10 0.4927

Level of spasticity 0.009 -0.09 0.5493

Table III: Statistical analysis of regression equations, using different 
numbers of variables in each equation

Number of 
variables 

per 
equation

Which variables were used R 
square 

Adjusted 
R square 

Standard 
error of 

estimate 
(kg)

2 Circumferences (calf, chest) 0.916 0.912 4.46

3 Circumferences (calf, chest), 
supine length 0.954 0.950 3.35

4 Circumferences (calf, chest, neck), 
supine length 0.965 0.961 2.97

5 Circumferences (waist, calf, chest, 
upper-arm), supine length 0.968 0.964 2.84

6
Circumferences  (waist, calf, 
chest, upper-arm), supine length, 
upper-arm length,

0.972 0.967 2.72

7
Circumferences (waist, calf, chest, 
upper-arm), supine length, age, 
level of injury

0.975 0.970 2.61

8
Circumferences (waist, calf, chest, 
upper-arm, wrist), supine length, 
age, level of injury

0.977 0.971 2.56

9

Circumferences (waist, calf, chest, 
wrist, upper-arm), supine length, 
age, level of injury, time since 
injury

0.977 0.971 2.56

10

Circumferences (waist, calf, chest, 
neck, wrist, upper-arm), supine 
length, age, level of injury, time 
since injury

0.977 0.970 2.60

11

Circumferences (waist, calf, chest, 
neck, upper-arm, wrist), supine 
length, age, upper-arm length, 
level of injury, time since injury

0.977 0.969 2.64

12

Circumferences (waist, calf, chest, 
neck, upper-arm, wrist), supine 
length, age, upper-arm length, 
level of injury, time since injury, 
level of spasticity

0.977 0.968 2.68
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of the error should be weighed against the effort to carry out more 
measurements and the risk to measure incorrectly. The standard 
error of estimate decreased from 6.91 kg, using an equation with one 
variable, to 2.68 kg, using an equation with 12 variables (Table III).     

A regression equation, using four variables, was considered the 
best and most practical equation to use for this study. This equation 
involved the following variables: calf, chest and neck circumference 
and supine length. The regression equation is as follows:

Y = weight (kg)* = -129.914 + 0.803 (neck circumference) (cm)  
+ 0.651 (chest circumference) (cm) + 1.284 (calf circumference) 
(cm) + 0.397 (supine length) (cm)

*Weight of black South African males, 18 to 60 years, level of injury 
of T2–L3, date of injury > one year prior to investigation, complete 
lesion.

The equation was chosen with the least number of variables but at 
the same time showing acceptable accuracy. The R square value of 
the four-variable equation was 0.965, the adjusted R square value 
0.967 and the standard error of estimate was 2.97 kg.  

The Mallows CP criterion gives an indication of how small the bias 
of the chosen equation is.21 A value close to p + 1 indicates that the 
equation bias is small (p is the number of variables in the equation). 
Values near or below p + 1 are generally desirable. In the case of the 
four-variable equation a value of 5 or less would be desirable.21 The 
Mallow CP criterion for the four-variable equation was 5.000, which 
indicates that the equation did have a very small level of bias.                 

The four-variable equation was used to calculate the predicted 
weights of the subjects in this study which were then compared to 
their actual weights (Figure 1). The line indicated on the graph is 
where estimated weight equals actual weight (x = y). The closer to the 
line the points are, the more accurately the weight was estimated.   

Discussion

In this study a regression equation with an acceptable degree of 
predictability has been formulated using a relatively small number 
of SCI patients to assess the weight of black male paraplegics in an 
academic hospital in South Africa. Such an estimate has not been 
established before in a South African setting and may prove useful 

in the evaluation of the weight of such individuals. Certainly a more 
extensive validation in similar settings in the country will be needed.

Due to the lack of practical alternatives, current clinical practice is 
to base the calculation of protein and energy requirements of SCI 
patients on their body weight. Indirect calorimetry is considered 
the most accurate method to determine energy expenditure and 
therefore energy requirements. However, the equation developed in 
this study may be especially useful in situations where access to 
such expensive measures of energy expenditure is not available. The 
use of this equation may also obviate the use of specialised weighing 
equipment, which may not be available in the healthcare setting in the 
developing world, and could additionally be a useful tool in the early 
identification and treatment of malnourished paraplegic subjects as 
well as the risk reduction for diseases of lifestyle and pressure ulcers. 
Furthermore, it should be borne in mind that standards have been set 
for ideal body weight for able-bodied persons in the form of body 
mass index,22,13 with the ideal body weight of a paraplegic person 
being 4.5 kg to 6.5 kg below the ideal body weight of an able-bodied 
person of the same height due to disuse atrophy.12 The standards 
that exist for ideal body weight of paraplegic people, however, are of 
little value if their weight cannot be accurately determined.

The simplicity of taking the four measurements to estimate weight 
is a definite advantage of the four-variable equation. Only a tape 
measure is needed to carry out the measurements. Neck, chest 
and calf circumferences can be taken while the subject is seated 
in the wheelchair. Supine length, however, needs to be taken on an 
examination bed.

Regression analysis is a widely used method to estimate the value 
of a dependent variable from various independent variables.13,23,24  
Regression analysis has often been used to estimate a measurement 
where it is not possible to take the measurement directly. Regression 
equations have been developed to estimate various measurements 
of paraplegic persons, due to their inability to stand or walk.13,25,26,27 
According to Heyward and Stolaczyk, good estimation equations 
have several characteristics16: 1) use of acceptable reference 
methods to obtain criterion measures of body composition, 2) use 
of large randomly selected samples (n > 100), 3) high multiple 
correlation between the reference measure and estimated scores  
(R > 0.80), 4) small prediction of standard error of estimate, and 5) 
cross-validation of the equation on additional, independent samples 
from the population. In this study acceptable reference methods 
were used to obtain the actual weight of the subjects. The regression 
relation between actual and estimated weight was higher than 0.80. 
The standard error of estimate was small (2.97 kg).  

However, the equation has important limitations in that the sample 
size was far less than 100 and the study was done on black male 
South African paraplegics only. Therefore the equation has limited 
generalisibility to the broader paraplegic population. The equation 
was also not cross-validated in an independent sample of the 
population, and the level of injury was not taken into account when 
predicting the weight of the subjects. Other factors that could have 
had an influence on the weight of the subjects and that were not 
taken into account in this study are the weight of a subject’s trousers, 
dehydration and the presence of possible faecal mass.13 Physical 
exercise, known to increase lean body mass, which is denser than 
the same volume of fat mass,22 was also not taken into account in 
this study. Subjects who exercise and have stronger upper bodies 

Figure 1: The comparison between the estimated weight and the actual weight
of the subjects of the study
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might, therefore, have their weight under-estimated if the equation 
was used without further validation.  

It should also be borne in mind that supine length was measured 
in this study instead of height due to the inability of the subjects to 
stand. When the ideal body weight of an adult is calculated, height 
and not length is used to do the calculations.13 In a study by Gray 
(1985), there was a significant difference of 2% between standing 
height and supine length. In that study the supine length of the 
subjects was on average 3.68 cm longer than their standing height.28 
The compression of the spinal vertebrae in the standing position is 
the reason for the difference between the two measurements.28 This 
small but systematic error may result in the misinterpretation of the 
nutritional status of an individual. Another recommendation could be 
to investigate the use of knee height in the equation instead of supine 
length, as this is also a simple but accurate way of determining 
height.13   

It can be concluded that the chosen four-variable regression equation 
may be useful in the estimation of the weight of black South African 
paraplegic persons with the same characteristics as the sample in 
this study. However, results need to be confirmed by further research 
on larger groups and different ethnic and gender groups. Future 
studies should also investigate the accuracy of energy requirements 
based on body weight equations as compared to measurement of 
energy expenditure by indirect calorimetry. 

It can be concluded that the chosen four-variable regression 
equation can be implemented in institutions to estimate the weight 
of a paraplegic person with the same characteristics as the sample in 
this study. Results need to be confirmed by further research on larger 
groups and different ethnic and gender groups.

Appendix 1

Modified Ashworth scale: 3  

0  If there is no increase in muscle tone. 

1  If there is a slight increase in muscle tone, manifested by minimal 
resistance at the end of the range of motion (ROM) when the 
affected part(s) is moved in flexion or extension.

1+  If there is a slight increase in muscle tone, manifested by a catch, 
followed by minimal resistance throughout the remainder (less 
than half) of the ROM.

2  If there is a more marked increase in muscle tone through most 
of the  ROM, but affected part(s) is easily moved.

3  If there is a considerable increase in muscle tone and passive 
movement is difficult.

4  If the effected part(s) is rigid in flexion or extension. 
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