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Clinical needs and opportunities in assessing body
composition
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Protein-energy malnutrition (PEM) and obesity are hazardous to health with high morbidity and mortality
rates. The assessment of body composition is essential to prevent, diagnose and determine the severity of
these disorders as well as their response to therapy.

Body weight is the sum of fat and fat-free mass (FFM) whereas its chemical model consists of triglyceride,
protein, water, and minerals. Thus one must recognize the appropriate method to assess each compartment of
body composition. In clinical practice, the method must be simple, accurate, noninvasive and inexpensive.
Body mass index (BMI) is a practical anthropometric parameter to assess protein-energy status in adults
because it can easily be calculated from weight in kg divided by (height in meter)z, and correlates with fat-
ness and mortality. Total body fat can be estimated by measuring the amount of subcutaneous fat by measur-
ing the thickness of the subcutaneous fat layer at different sites of the body by a skinfold caliper or
near-infrared interactance. A high waist-over-hip circumference ratio (WHR) can be used to diagnose
abdominal obesity. Upper arm muscle circumference can be employed to measure muscle mass. However,

whenever these methods are used to assess body composition their limitations should be recognized.

Introduction )

Changes in body composition can affect the health of individ-
uals. This is well illustrated i in both protein-energy malnutri-
tion (PEM) and obesxty The assessment of body
composition is essential to diagnose and to determine the
severity of these disorders as well as their response to
therapy.

Human body composition

Body weight is the sum of fat and fat-free mass (FFM)
whereas its chemical model consists principally of triglyc-
eride, protem water and minerals and some carbohydrate as
glycogen Though now there are available methods which
can assess each compartment of the chemical model directly
or indirectly _4, in clinical practice the method must be
simple, accurate, noninvasive and inexpensive. The tech-
nique should also be easily performed by physicians them-
selves or their- staff. This paper presents our clinical
experience in assessing body composition in adults with
PEM and obesity by body mass index (BMI), direct measures
of body fat, the waist (or abdominal)-over-hip circumference
ratio (WHR)* and upper arm muscle circumference
(UAMC).

BMI

BMI or Quetelet s index derived from body welght/(hexght)2
in kg m is a practical anthropometric parameter to assess
protein and energy status in individual adults™. This is for at
least five reasons. First, it can easily be calculated from
weight and height for any individual adult, each of which can
be accurately measured. Second, it has the least possible
dependency on height. Third, it correlates w1th total body fat—
ness, especially when greater than 20 kg m> . Keys et al.5

found a correlation between BMI and the skinfold thick-
nesses of r=0.611 in Japanese farmers and of r=0.850 in
Minnesota students. Durnin and Womersley7 found the cor-
relation between BMI and percentage of body fat measured
by densitometry: r=0.49-0.62 among men and r=0.64-0.91
among women of various ages. In our study of 453 Thai
women aged 19-61 years, a correlation coefficient of 0.672
between BMI and percentage of body fat measured by near-
infrared interactance was found. Fourth, it correlates with
mortality with a J-shaped curve, where the minimum mortal-
ity for both men and women is for a BMI of 22-25 kg m2. At
the two extremes of the J-shaped relationship between BMI
and mortality, the causes of death are different. Some cancers
and respiratory and digestive diseases are the cause of death
in underweight individuals (BMI <20 kg m_z) whereas car-
diovascular diseases, diabetes mellitus, gall bladder disease
and cancer of the colon and reproductive system are the
causes of death in obese individuals (BMI >25 kg m ™). For
increasing degrees of fatness, BMI cut-off points of
20.0-24.9, 25.0-29.9, 30.0-40.0, and >40.0 kg m™", normal,
grades 1, 2 and 3 of obesity by Garrow’ are generally used’.
PEM which is common in developing countries, is also
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* Editor’s Note: The WHO report on Anthropometry (1994)
recommends that the use of the term waist be restricted to the
narrowest abdominal circumference with umbilical or other abdom-
inal circumferences. The term ‘abdominal circumference’ will
apply to that measured midway between the lower rib cage and the
iliac crest.
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categorized into grades 1, 2, and 3 based on BMIs of
17.0-18.4,16.0-16.9, and <16.0kg m>, according to WHO'.
Fifth, BMI can be used as a guide to therapy in patients with
underweight or obesity.

As in Western reports, we have shown in Thailand that
men and women with BMI 225.0 kg m™ ? have higher serum
total cholesterol (TC), LDL-C, triglyceride, uric acid, and
fasting blood glucose (FBG) levels but lower serum HDL-C
levels, than those with BMI <25 kg m21 Thus, BMI can be
employed as a risk factor for the development of CHD.
However, the limitation of BMI must be recognized in sub-
jects with edema and ascites, massive organomegaly, preg-
nant women and body builders.

Total body fat by skinfolds or near-infrared interactance

Total body fat is located both internally and subcutaneously
and can now be measured by several advanced techniques®>.
However, in the clinical setting, to minimize the expense,
measurement of skinfold thickness is still useful, based on the
assumption that there is a constant relationship between sub-
cutaneous fat and body fat. The amount of subcutaneous fat
can be estimated by measuring the thickness of the subcuta-
neous fat layers at different sites of the body with a skinfold
caliper, eg Harpenden skinfold caliper. The most frequently
used locations are triceps, biceps, subscapular, and suprailiac
skinfold thicknesses. The sum of these four skinfolds are then
used to estimate body fat by specific equations developed by
Durnin and Womersley However, measuring skinfolds
requires a properly trained and experienced individual to
obtain an accurate result. Besides, the subjects have to be
partly undressed. Thus we have recently used near-infrared
interactance to measure body fat to minimize these problems.

The correlation coefficient between the body fat in kg mea-
sured by near-infrared interactance® (Futrex-5000A) and by
Harpenden skinfold cahpers7 in 35 men and 62 women, aged
17-75 years, is 0.922.

WHR

Recent Swedish analysis of the effect of different patterns of
* body fat distribution on mortality confirms earlier clinical
observations that an abdominal rather than a gluteal distribu-
tion of fat increases susceptibility to health hazards including
cardiovascular diseases and diabetes mellitus. Therefore dis-
tribution of fat should be analysed in its own right, indepen-
dent of overall obesity. This can be done clinically by
obtaining the WHR. Abdominal obesity is present when the
WHR is over 1.0 in men and over 0.8 in women'®"", Our
study has shown that men with a WHR >1.0 have signifi-
cantly higher serum TC, LDL-C, but lower HDL-C concen-

trations, than those with a WHR <1 0'°,

UAMC

In the clinical setting, UAMC gives an indication of the body
muscle mass and hence its somatic protein status. It is derived
from the measurement of mid upper arm circumference
(MUAC) and triceps skinfold thickness (TST), using the
equation UAMC=MUAC-3.1428 TST*. In the Thai experi-
ence, UAMC is a useful index of the efficacy of nutrition
therapy in PEM and in obesity, where the preservation of
muscle mass is a consideration.

Conclusion

The assessment of protein-energy status should be part of
clinical practice. BMI, total body fat, WHR and UAMC are
body compositional indices which can be obtained without
much difficulty and yet are useful indicators of health status,
provided their limitations are recognized.

References

1 WHO Study Group. Diet, nutrition, and the prevention of
chronic diseases. WHO Tech Report Series 797, 1990.

2 Heymsfield SB, Waki M. Body composition in humans:
advances in the development of multicompartment chemical
models. Nutr Rev 1991;49:97-108.

3 Deurenberg P. The assessment of body composition: uses and
misuses. Nestle Foundation Annual Report, 1992:35-71.

4 Lukaski HC. Methods for the assessment of human body com-
position: traditional and new. Am J Clin Nutr 1987,
46:537-556.

5 Garrow JS. Indices of adlposny Nutr Abstr Rev 1983;
53:697-708.

6 'Keys A, Findanza F, Karvonen MJ, Kimura N, Taylor HL.
Indices of relative weight and obesity. J Chron Dis 1972;
25:329-343.

7 Durnin JVGA, Womersley J. Body fat assessed from total body
density and its estimation from skinfold thickness measure-
ments on 481 men and women- aged from 16 to 72 year. Br J
Nutr 1974;32:77-97.

8 Conway JM, Norris KH, Bodwell CE. A new approach for the
estimation of body composition: infrared interactance. Am J
Clin Nutr 1984;40:1123-1130.

9 Bray GA. Overweight is risking fate: definition, classification,
prevalence, and risks. Ann NY Acad Sci 1987;409;14-28.

10 Tanphaichitr V, Kulapongse S, Pakpeankitvatana R,
Leelahagul P, Tamwiwat C, Lochaya S. Prevalence of obesity
and its associated risk in urban Thais. In: Oomura Y, Tarui S,
Inoue S, Shimazu T, eds. Progress in obesity research 1990,
London: John Libbey, 1990:649-653.

11 Bjomtorp P. Regional patterns of fat distribution. Ann Intern
Med 1985;103:994-995.



