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The assessment of body composition in clinical conditions

By A. ]J. RicH, Department of Surgery, Royal Victoria Infirmary, Newcastle upon
Tyne NE1 4LP

The clinician is frequently urged to take account of the state of nutrition of his
patients. This being the case, the questions he or she will ask are ‘Is the patient
undernourished ?’, ‘Is the undernutrition a hazard?’, ‘How much nutritional
support is required’, ‘Is the support effective?’. Answers to these questions will
usually be provided on the basis of a nutritional assessment and so play an
important part in clinical decisions regarding treatment and prognosis. Most of the
methods for nutritional assessment have been used extensively and successfully as
public health indices of nutrition for a number of years. The newer methods of
direct measurement of body composition are limited at present to experimental
studies. This review will examine the practicality of such methods in aiding the
clinician to answer the questions posed above.

Normal nutrition assumes adequacy of the body’s complement of a multitude of
nutrients and micronutrients. However, protein and fat are generally regarded as
being the most important because they represent sources of endogenous energy
during starvation (Cahill, 1970). The absolute amounts of fat and protein are
assumed to give some indication of an individual’s capacity to withstand a period
of inadequate nutrient intake and hence of his over-all nutritional status. In order
to assess this capacity it is usual to regard the body as consisting of several major
compartments; usually fat, protein and water (Moore et al. 1963). However, the
body does not lend itself easily to measurement of such compartments. Although
much of the body fat is found subcutaneously, the splanchnic organs contain
appreciable quantities (Forbes et al. 1953) which are not easily measured or may
not be utilized during starvation (Garrow et al. 1965). Protein too is distributed
widely throughout the different tissues of the body (Table 1). Furthermore,
although the relationship between the different components within each
compartment may be clearly defined during health there is good evidence that such
relationships may become altered during depletion and disease (Moore & Brennan,

Table 1. The protein content of body tissues

(calculated from Forbes et al. 1953)

g/kg
Muscle 22
Skeleton 20
Viscera and skin 18
Extracellular 17
Fat 6
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1975). For example, Picou et al. (1966) demonstrated that during severe protein
—calorie malnutrition in children, much of the remaining body protein lay within
the extracellular compartment which had been relatively spared during the process
of general protein attrition.

Nevertheless, most of the commonly used techniques of nutritional assessment
are based, directly or indirectly, on a static assessment of body composition. The
methods and their relation to body composition are shown in Fig. 1.

Whole-body protein can be estimated from total body potassium or nitrogen
measurements (Goode & Hawkins, 1978; Hill et al. 1978). The skeletal muscle
component may be assessed from the arm muscle circumference (AMC) (Jelliffe,
1966) or from the urinary excretion of creatinine or 3—methylhistidine (3MH)
(Young et al. 1973; Bistrian, Blackburn, Sherman et al. 1975). Visceral protein,
that component of body protein contained within the soft organs of the body, is
indicated by plasma levels of albumin and transferrin (Blackburn et al. 1977).
Measurement of the cutaneous response to injected antigen and the peripheral
blood lymphocyte count are also used to indicate this component (Bistrian,
Blackburn, Scrimshaw et al. 1975). The size of the body fat compartment may be
derived from measurements of single or multiple skinfold thickness (Durnin &
Womersley, 1974) or obtained by subtraction of body protein mass estimates from
the body-weight. Body-weight itself is a crude index of body composition but
cannot be regarded as typical of one particular compartment.

Can these measurements be used to provide answers to the clinician’s questions
in terms of an individual patient?

Is the patient undernourished?

The implication of the term undernutrition is of a subnormal state incompatible
with health. Measurements of indices of nutrition (such as body-weight) for a

Per cent Per cent

body body
weight  protein
25 05 Anthropometric measurement
20 36
10 11
5 3
Serum proteins
10 14 Skin testing
Anthropometric measurement
30 35

Creatinine excretion
3MH excretion

Fig. 1. The major subdivisions of body composition and some of the methods used for their
measurement. The size of each division is proportional to its contribution to body-weight. The
relative proportion of total body protein contained is also indicated.
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given healthy population can usually be represented by a frequency curve of normal
or gaussian distribution. Somewhere at the two extremes lie values that could be
regarded clinically as almost certainly indicative or over- or undernutrition. In
accordance with a normal distribution, about 95% of the healthy population would
lie within +2 standard deviations (SD) above and below the mean and 99-7%
would lie within the range +3 SD. At some point at the appropriate end of the
curve the probability that an individual with that particular value is in fact a
normally nourished and healthy individual with a low measurement must become
highly unlikely. Beyond this point it would seem reasonable to class any
observation as being indicative of undernutrition. However, defining this point for
any particular measurement of body composition may be difficult. One problem
lies in obtaining a sufficiently large sample of the normally nourished population to
draw up the curve. It is not sufficient to utilize information derived from
alternative populations since these almost certainly differ from the individual
under consideration, and may show an abnormal or skewed distribution.

Kelmsley et al. (1962) considered that the quartile (the portion of the normal
curve containing the lower 25% of the population) below mean standard weight
for height was a fair lower-limit for normal weight. For their population this
represented 93—94% of the mean standard weight and they suggested that this was
also a reasonable definition of underweight in the clinical sense.

Blackburn et al. (1977) suggested that norms for body-weight/height, arm
muscle circumference and triceps skinfold thickness (T'SF) could be defined as a
fixed percentage of Jelliffe’s standards (Jelliffe, 1966). A measurement between 60
and 9o% of standard was said to indicate moderate depletion and below 60%,
severe depletion. Other workers have applied this method of analysis to local
standards.

Gray & Gray (1979) have criticized both the use of Jelliffe’s standards and this
type of analysis. These authors applied the criteria above to data from the Ten-
State Nutrition Survey (Frisancho, 1974) and the Health and Nutrition
Examination Survey (National Centre for Health Statistics, 1977) of healthy
American adults and found that a considerable number of this population would be
classified as depleted. This anomaly arose partly because Jelliffe’s standards were
substantially different from those of the US population and were not stratified for
age, but also because the application of a fixed percentage of standard did not allow
for differing coefficients of variation inherent in measurements of different aspects
of nutrition.

Gray & Gray (1979) and Burgert & Anderson (1979) suggest that observations
should be compared to percentiles of the appropriate standard rather than to
percentages. This approach would allow for differing coefficients of variation
between measurements but would still require adequate local standards. Moreover,
it is by no means clear which percentile would be most appropriate as a division
between normal and abnormal nutrition. The quartile below normal as suggested
by Kelmsley et al. (1962) seems likely to exclude many individuals who would be
regarded clinically as ‘scrawney’ but of normal nutrition and Bistrian (1980) has
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suggested that suitable percentiles should be clearly associated with dysfunction.

An additional factor complicating the selection of a suitable percentile is the
observation that loss of fat is functionally less important than loss of protein
(Bistrian, 1980). This would suggest that different percentiles might be required to
indicate undernutrition of different body compartments. Such differences are
suggested from an examination of the results cited by Gray & Gray (1979) derived
from a healthy American population. The sth percentile for weight/height lay
between 62 and 72% of standard; for AMC it lay between 82 and 84% of
standard; and for TSF between 33 and 53% of standard. The considerable
variations in the sth percentile values in this survey and in the data reported by
Frisancho (1974) suggest that wide variations in subcutaneous fat thicknesses
occur in the normal population without apparent dysfunction but that considerably
less variation occurs in the other measurements.

There is some, largely circumstantial, evidence to corroborate the use of the sth
percentile. Keys et al. (1950) found that a loss of active cell mass of about 20% in
previously healthy subjects impaired physical fitness. Spurr et al. (1979) found
evidence of reduced cardiac response to work in chronically undernourished
subjects averaging a weight deficit of 28% compared to nutritionally normal
controls. These figures are not too far removed from the 5th percentile figures for
weight/height and AMC noted above.

It is less clear at what level T'SF measurements indicate dysfunction. Indeed,
Bistrian (1980) has indicated that this index is of limited clinical value in the
diagnosis of undernutrition. However, as Frisancho (1974) has pointed out, the
quantity of subcutaneous fat does indicate the size of the energy reserve. If
reduced, this may imply a reduced ability to withstand a period of inadequate
nutritional intake. For this reason, and to simplify the diagnosis of undernutrition
by anthropometry, it may also be appropriate to use the arbitrary sth percentile for
TSF.

The laboratory markers of nutrition are usually considered to indicate depletion
if they lie below the lower limit of normal for the laboratory concerned. Most
laboratory ‘normal’ ranges are 2 SD above and below the laboratory mean. As
discussed above, the use of a standard based upon the range of observations in a
‘normal’ population is a satisfactory method of delineating nutrition. However,
most laboratories deal with samples from a population that is selected in that a
majority of its members have been admitted to hospital for the diagnosis and
treatment of illness. This may not reflect a healthy population and there are some
results which suggest that nutritional measurements from hospital patients may be
slightly lower than a control population of hospital employees (Bollet & Owens,
1973)-

However, it is unlikely that these small differences would significantly alter
biochemical identification of an undernourished individual. Far more important are
the effects of factors other than nutrition on the laboratory measurements.

Plasma protein concentrations depend on the balance of synthesis on the one
hand and utilization, catabolism, excretion, hydration and transvascular transfer
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on the other. Anything that influences any of these, irrespective of its influence on
nutrition, is bound to reflect in the plasma protein levels. Thus stress (Kinney,
1976), sepsis (Meakins, 1976) and cancer (Craig & Waterhouse, 1957) are known to
influence plasma protein levels. One or more of these factors are found in most
hospital patients and it seems unlikely that their complex interrelations can be
defined or differentiated from each other in the individual patient.

Subnormal plasma protein levels are well documented in severe protein—calorie
deficiency in the developing countries and correlate well with other measurements
of nutrition (Young & Hill, 1978). They are useful in defining nutrition in
epidemiological or experimental studies of groups. However, in experimental
starvation mean plasma albumin levels do not drop for several weeks (James et al.
1976; Shetty et al. 1979) and may even rise in some individuals (Shenkin & Steele,
1978). Because of this slow response and the complicating factors indicated above,
plasma albumin and transferrin lack specificity and are of little value in assessing
an individual’s visceral protein compartment.

The peripheral blood lymphocyte count and the response to an injected antigen
(delayed cutaneous hypersensitivity, DCH) are also used to assess the visceral
protein compartment and there is some evidence to support the view that the size
of the lean body mass (LBM) is related to immunocompetence (Spanier et al.
1976). A lymphocyte count below 3000/mm? is said to demonstrate an immune
deficiency (Blackburn et al. 1977) as is a negative response to an injected antigen
(Bistrian, Blackburn, Scrimshaw et al. 1975). Both these measurements can be
materially influenced by factors other than nutrition (Millar, 1978) and the DCH
response is additionally subject to observer error (Sokal, 1975). Without the ability
to separate the effects of undernutrition and those of stress, sepsis and age it is
difficult to justify the application of such tests as an index of immunocompetence
or visceral protein in the individual.

The 24 h urinary excretion of creatinine or 3MH has been used to evaluate the
muscle protein component of the LBM. Creatine is found almost entirely within
muscle as creatine phosphate. It spontaneously and irreversibly dehydrates at a
relatively constant rate to form creatinine which is excreted unchanged in the
urine. Measurement of urinary creatinine in normal individuals is indicative of
total muscle mass and is also closely related to LBM (Forbes & Bruining, 1976).
Bistrian, Blackburn, Sherman et al. (1975) described the use of a creatinine-height
index (CHI) to relate actual creatinine excretion to the expected excretion for an
adult of the same sex and height but of standard weight. Excretion values were
expressed as a percentage of standard and values between 60 and 80% were said to
represent moderate depletion of somatic protein, below 60%, severe (Blackburn
et al. 1977).

The difficulties inherent in using a fixed percentage of standard to describe
undernutrition have been discussed above. In addition, the standards given are
derived from a small sample of young individuals (Butterworth & Blackburn, 1975)
and will certainly give rise to inaccuracies when applied to more elderly subjects.
However, the most serious criticism of the method lies in the difficulty of ensuring

https://doi.org/10.1079/PNS19820054 Published online by Cambridge University Press


https://doi.org/10.1079/PNS19820054

394 SYMPOSIUM PROCEEDINGS 1982

accurate urine collections which may result in fluctuations of individual creatinine
excretion of up to 36% (Greenblatt et al. 1976). This inconsistent and
unquantifiable error makes it unlikely that urinary creatinine excretion could be
used to identify undernutrition even if the objections to standards could be
overcome.

3MH is an amino acid found mainly in myofibrillar protein. When the protein is
broken down 3MH is released but not recycled and is excreted in the urine.
Urinary excretion of 3MH should thus be representative of myofibrillar protein
and has been used as an index of muscle protein turnover (Williamson et al. 1977)
and suggested as an index of the nutritional state (James, 1978). However, the
same criticisms regarding adequacy of collection of urine may be made and there
appear to be no adequate normal standards available for comparison. This further
limits the usefulness of this test as an index of undernutrition.

Whole body potassium estimations of lean body mass are based on
measurements of the gamma-ray emissions from the naturally occurring isotope of
potassium, “°K. This forms a constant proportion of total potassium which is
contained mainly within body cells. However, even within the LBM the potassium
content varies from tissue to tissue (Table 2) but for purposes of calculation an
average value is assumed and the LBM expressed in kg. However, since
differential losses of protein occur during the process of undernutrition (Moore
et al. 1963) it can no longer be assumed that the same average value remains valid
for the undernourished patient.

Hill and co-workers have measured whole body nitrogen as an index of total
body protein (Hill ez al. 1978). The subject is irradiated with a small dose of
neutrons and this high energy bombardment creates an isotope of nitrogen (and
other elements) which emits gamma-rays for a short time. This emission can be
measured and gives an indication of the whole body content of nitrogen. Since this
is a primary component of all protein the whole body content can be calculated by
multiplying total body nitrogen by 6-25 (Hill ez al. 1978). As up to one-third of
body protein is extracellular (Moore et ai. 1963) this method will tend to over-
estimate the LBM which is generally regarded as containing the majority of the
labile protein important in states of depletion.

Both of these methods seem capable of direct measurements of various aspects
of body protein composition and in conjunction with other measurements (Forse &

Table 2. The potassium content of body tissues

(Calculated from Forbes & Lewis, 1956)

mmol/g
Muscle 8o
Viscera and skin 56
Extracellular 45
Skeleton 27
Fat 19
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Shizgal, 1980) can be used to indicate fat or water content. However, they do not
readily lend themselves to the indification of undernutrition in the individual
because of a lack of suitable normal standards. Most groups using these methods
have validated their technique on the local population but have a limited number of
observations at the upper and lower extremes of normal nutrition (Goode &
Hawkins, 1978). Once this objection can be overcome it should be easy to identify
the undernourished individual with confidence.

From the foregoing it can be seen that it is difficult to give an adequate answer
to the question, ‘Is the patient undernourished #’. The chief reason for this is a lack
of adequate standards and the biochemical methods appear to lack specificity. For
clinical purposes the most relevant reply might be, “‘Why do you want to know?'.
Clinicians usually want to know so that they can weigh the risks of therapy against
the hazards of being undernourished. This question is now discussed.

Is the undernutrition hazardous?

There is no doubt that the gross, long-standing malnutrition as seen in the
developing countries results in an increased morbidity and mortality for the
populations concerned. It is far less clear whether the relatively minor
undernutrition described in hospital inpatients (Bistrian et al. 1974; Hill et al.
1977) has a significant effect on outcome (Hill, 1979). Indeed, within the hospital it
is particularly difficult to separate the effects of poor nutrition from those of age,
disease, sepsis and stress that often accompany it. Nevertheless, it is usually
assumed that a combination of disease and nutritional depletion in hospitalized
patients is likely to result in higher risks of morbidity and mortality. Is it possible
to use the standard methods of assessment of body composition to predict the risk
of undernutrition for an individual?

On the simplest level, body-weights for height of 10% below standard do not
appear to be associated with other evidence of undernutrition (Bistrian et al. 1976)
or with increased length of stay after surgery (Faintuch et al. 1979). Low body-
weight was not associated with post-operative morbidity (Higgens et al. 1981) or
mortality (Ryan & Taft, 1980). Abel et al. (1976) found slightly increased rates of
morbidity and mortality in a small group of patients undergoing cardiac surgery
who were 15% or more below ideal weight.

In terms of loss of weight, a loss of 10% or more in the previous 6 months does
not seem to be associated with an increased risk of post-surgical complications
(Klidjian et al. 1980). Weight loss as a single measurement lacks two important
determinants; absolute weight (which would admit obesity) and time (which
would admit rapid loss of weight). Mullen, Gertner et al. (1979) have used weight
loss/unit time as an indicator of risk and report that significant loss occurs at rates
exceeding 0-2% of the usual weight/d for a 7 d period.

Anthropometric methods indicating a single compartment might be expected to
indicate individual risk with more precision. Klidjian et al. (1980) found that an
AMC below 85% of standard was indicative of a high risk of post-operative
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complications in their study of patients undergoing major surgery. However, the
test was not particularly selective, only 39% of patients with this low value
actually developing complications. Mullen, Gertner et al. (1979) found that AMC
did not predict post-operative complications.

TSF is not usually regarded as an appropriate predictive index because of the
lesser role of fat and the wide individual variations in the measurement (Michel
et al. 1981). Forse & Shizgal (1980) found only a poor correlation between TSF
and indices of protein nutrition. Mullen and co-workers reported TSF as being a
significant variable (Mullen, Buzby et al. 1979), although in an earlier study they
had failed to demonstrate its predictive value (Mullen, Gertner et al. 1979).

Plasma albumin levels below 3-0 g/l were found to be associated with a
complication rate two-and-a-half times greater than that of patients with levels
above this (Mullen, Gertner et al. 1979). However, 45% of patients with
plasma albumins below this level did not develop complications. Klidjian et al.
(1980) also found a strong association between low albumin levels and post-
operative complications, but again with rather poor selectivity, 48% of their high-
risk group recovering without complications. Ryan & Taft (1980) found that the
plasma albumin level was unassociated with the complication rate following major
abdominal surgery.

Mullen, Gertner et al. (1979) and Buzby et al. (1980) have also reported plasma
transferrin as a sensitive index of the risk in undernourished patients facing
surgery. Review of their results suggests that transferrin levels are also rather
unselective, over half the patients with subnormal levels (220 mg/100 ml) avoiding
complications. Ryan & Taft (1980) found that transferrin levels failed to predict
morbidity and mortality in 389 patients undergoing abdominal surgery, over one-
third of their study group having transferrin levels below this standard.

Lymphocyte counts below 1200/mm® are said to indicate relative anergy
resulting from depletion of the visceral protein compartment (Blackburn et al.
1977). A retrospective survey of 105 patients found that those with a lymphocyte
count below 1000/mm? developed significantly more post-operative sepsis than did
those with counts above this level (Lewis & Klein, 1979). However, Mullen,
Gertner et al. (1979) and Ryan & Taft (1980) found that this measurement had no
prognostic significance.

DCH testing is difficult to evaluate because of the large individual variations in
response. Mullen, Gertner et al. (1979) and Meakins et al. (1977) reported an
increased risk of complications in patients with a poor or absent response to
testing with one or more antigens. However, other large-scale studies report the
contrary (Ryan & Taft, 1980; Brown ez al. 1982). These opposing findings can
probably be explained on the basis of population variables and on the various
combinations of disease and therapy within each group. This diversity, however,
suggests such tests have little prognostic value for the individual.

A large proportion of abnormal CHI measurements are reported in nutritional
surveys (Blackburn et al. 1977). Mullen, Gertner et al. (1979) reported an
abnormal CHI in 65% of their patients but demonstrated no predictive value
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towards morbidity and mortality. No reports are available on the predictive value
of urinary 3MH excretion.

For the direct measurements of body protein using whole body potassium or
nitrogen no absolute figures indicating risk are available. Blackburn & Kaminski
(1980) suggest that every protein molecule is vital and this would imply that any
departure from normal was detrimental. Keys ez al. (1950) reported that a loss of
body protein of about 20% impaired physical fitness. Passmore (1965) suggested
that 8.5 kg protein was the minimum required for life. Garrow (1982) has assessed
a gradual loss of approximately one-third of body protein as survivable.
Unfortunately there is no experimental or clinical data to support these theoretical
figures, or to relate them to absolute quantities of LBM.

It is clear from the foregoing that although there is some evidence that abnormal
body composition as assessed by these measurements may indicate an increased
risk, it is still impossible to calculate what this risk is on an individual basis. A
number of observers have attempted to overcome this problem using predictive
indices based on multiple regression equations of a number of anthropometric and
laboratory tests. Typical is that of Buzby et al. (1980) who devised a prognostic
nutritional index (PNI) based on measurements of plasma albumin and transferrin,
TSF and DCH. Values for an individual were inserted into the formula to give a
figure for the percentage risk of that individual developing post-operative
complications. The effectiveness of the PNI was tested by using it in a prospective
study of 100 patients undergoing gastrointestinal surgery. The results are
somewhat difficult to interpret because some of the patients were obese and many
were given post-operative parenteral nutrition. Patients with pre-operative PNI
values of over 50% were considered to be a high-risk group and 89% of all
complications occurred in this group. However, less than half of the group actually
developed complications so although the index displayed a reasonable degree of
sensitivity it was not particularly selective. Such a test would, therefore, be of
limited use in assessing the hazard of undernutrition in individual circumstances.

It is apparent that static measurements of body composition used singly or in
combination provide little help to the clinician in deciding if an individual patient
is at risk from his undernutrition. This is perhaps not unexpected if the risks
themselves are considered. Morbidity and mortality in surgical patients usually
derives from the failure of a vital body system rather than from exhaustion of
energy or protein resources. Cardiopulmonary failure, for example, is a prime cause
of post-operative morbidity and mortality (Anscombe, 1957) and renal and hepatic
dysfunction may occur during the post-operative period. For the survival of an
individual the function of these body systems is probably more important than the
absolute amount of protein or energy they contain and the quality of the remaining
protein is more important than the quantity. Clearcut functional deterioration in
muscle and respiratory function in experimental undernutrition has been reported
(Keys et al. 1950) so it would seem logical to attempt to relate such changes to
morbidity and mortality in undernourished individuals. Klidjian et al. (1980) have
reported a correlation between hand-grip strength and post-operative
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complications, and Moran et al. (1980) have suggested that similar results may be
obtained from tests of pulmonary musculature. It may be appropriate to develop
similar functional tests for other systems documented as suffering deterioration
during undernutrition and to attempt to validate them for prediction of risk in the
individual.

However, it is perhaps indicative of the rather poor performance of static
measurements of body composition in predicting a risk that a number of
experienced surgical nutritionists place little reliance on such tests. Several
workers (Hill, 1979; Grant et al. 1981; Jeejeebhoy, 1981; MacBurney & Wilmore,
1981) have suggested that for clinical purposes a perfectly adequate assessment of
nutrition and its risks can be obtained from a good history and physical
examination together with a knowledge of the diagnosis and proposed treatment.

How much nutritional support is required?

Energy and protein requirements are largely a function of the size of the LBM
and its metabolic rate (Moore et al. 1963). It follows that estimates of the size of
this compartment give an indication of basal requirements. Additional
requirements for hypermetabolism depend on a number of factors including its
cause and pre-existing nutritional depletion, and cannot be derived directly from
compositional studies (Elwyn, 1980). Calculation of the actual amount of
nutritional support required obviously depends on current nutrient intake which
will require assessment by conventional methods.

The Harris—Benedict equations use height, weight, age and sex to calculate
resting metabolic expenditure (RME) (Harris & Benedict, 1919). These variables
are closely related to the size of the LBM (Moore et al. 1963) and the
contemporary techniques of continuous expired-air analysis have confirmed that
these equations provide realistic estimates (Long et al. 1979). Since these
measurements are simple to make there seems little justification in using more
elaborate methods to estimate LBM as an index of RME. Methods to calculate the
RME from the AMC or from the fat-free mass using skinfold thickness do not
appear to have been applied clinically, although urinary creatinine excretion has
been considered in the experimental situation (Moore, 1980). As expected, the
body cell mass as measured by whole body potassium is an accurate index of
energy expenditure (Kinney et al. 1963) but obviously lacks the clinical flexibility
of height and weight measurements. Although whole body nitrogen measurements
have not been used to estimate energy requirements their relationship to protein
rather than to the LBM might make them less suitable, especially in the depleted
individual.

Clinical usage and responses suggest that simple measurement of height and
weight and the use of the Harris—Benedict equations produce estimates of energy
requirements that are perfectly satisfactory (Grant, 1980; Rich & Wright, 1980).
More sophisticated methods are not required for most patients.
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Is the nutritional support effective?

The aim of nutritional support is to replete the protein and energy
compartments or prevent them from becoming further depleted. From a practical
point of view this implies that measurements of the protein or fat compartment
should show the appropriate change or at least remain static to indicate successful
support.

It is rarely possible to fully replete patients in hospital. Restoration of the LBM
without excess fat deposition can take several months, extending well into the
period of convalescence (Moore et al. 1963). It is unlikely to occur at the low levels
of physical activity normally associated with inpatient care and still less likely in ill,
stressed and septic surgical patients. Thus the compartmental changes that occur
in an individual as the result of nutritional support are likely to be relatively small
over periods of 1 or 2 weeks.

As an example, an undernourished man weighing 55 kg might be expected to
have an LBM of about 25 kg and a fat compartment of 12- 5 kg. If it is assumed that
he has achieved a generously large, positive daily balance of 10 g nitrogen and
4270 KkJ (1000 kcals) and these excesses are wholly transported to their respective
compartments, then the over-all increases in 1 week would amount to
approximately 438 g protein and 779 g fat.

Are such changes detectable in an individual using the conventional methods of
nutritional assessment? It is doubtful if anthropometric methods are sufficiently
sensitive. Skinfold thicknesses are subject to observer error of +1-5 mm. In terms
of total body fat this represents as much as 1-9 kg (Durnin & Womersley, 1974),
well outside the magnitude of change calculated above. Even if observer accuracy
is assumed and three or four skinfold thicknesses are used the error is still large.
Durnin & Womersley (1974) described a standard error for their method of +5%.
This approximates to +2-7 kg fat in individual terms, again well outside the
changes that are being assessed.

There are no formulae to translate AMC directly into an index of somatic
protein mass but it is usually assumed that a percentage change in AMC is
equivalent to a change in total muscle protein. If it is assumed that the calculations
in the example are reasonable, that new protein went equally to muscle mass and
non-muscle lean mass (219 g each) and that arm muscle is 10% of the total muscle
mass, then the expected increase in circumference can be calculated as
approximately 10 mm. This is inside the probable error of AMC measurement.
Even assuming that arm circumference can be measured with complete accuracy
the error in measuring TSF detailed above can be calculated to give rise to an error
in the calculation of the AMC of +290 mm.

Plasma albumin levels, indicating the visceral component of the LBM, are stated
to increase in parallel with improvement in nutrition (Valerio et al. 1978).
However, in studies where this finding is reported, additional treatment has been
provided for the disease process and it is difficult to avoid the conclusion that the
changes in plasma albumin levels are merely the response to successful treatment
for the primary condition. In a study of fit young volunteers given only half their
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daily requirements for a 6-month period, plasma albumin levels fell by only 10%
when active tissue (equivalent to LBM) fell by 27% (Keys et al. 1950). These
authors observed that plasma volume changes accounted entirely for the drop in
plasma albumin levels and hence there was no significant change in the amount of
circulating albumin. During the 12-week recovery period of this same group,
plasma albumin levels increased by 8% while active tissue increased by 10%.

Plasma transferrin levels respond only slowly to severe protein restrictions in
normal subjects (Shetty ez al. 1979) and the response to refeeding is unpredictable
(Ingenbleek et al. 1975). These experimental findings and the variable effects of
stress, sepsis and hydration make it difficult to interpret changes in plasma levels
on an individual basis.

Reservations have been expressed above about the validity of the CHI as a day-
to-day indicator of muscle mass. Forse & Shizgal (1980) found that changes in
body composition were not reflected in the CHI. Urinary excretion of 3MH
appears to be a sensitive index of the changes in muscle protein breakdown that
occur in the individual during starvation (Young et al. 1973) and sepsis (Long
et al. 1977). Successful nutritional support should result in a reduction in muscle
protein breakdown, apparent as a reduction in urinary 3MH excretion. However,
this measurement does not appear to have been used for this purpose in the clinical
setting, possibly because of collection difficulties, outlined above.

Depression of immune competence, and presumably depletion of the visceral
protein component, is said to be reversed by nutritional repletion. The work of
Meakins et al. (1977) is usually quoted in support of this statement. These authors
used DCH as an index of immune function in 354 patients undergoing major
surgery but their paper gives no details of patients’ nutrition nor the feeding
regimens that were used in a few subjects. It would appear that the changes in
DCH response were equally likely to have been due to treatment of the primary
disease process. Law et al. (1973) also reported improved responses in DCH
following intravenous feeding but since their results appear to be derived from only
six patients, these findings should be interpreted with caution. Changes in
lymphocyte count following nutritional support do not appear to have been
reported in man. Dionigi et al. (1977) found no lymphocyte response to refeeding
in animals.

Direct measurements of body protein from whole body potassium or nitrogen
appear to be attractive methods of assessing the response of the LBM to
nutritional support because they avoid many of the assumptions of the other
methods. However, errors in individual measurement can arise as a result of a
number of factors including the habitus of the patient and the geometry of the
whole body counter (Hawkins & Goode, 1976). Goode & Hawkins (1978) report an
experimental error of 3-6% in the measurement of total body potassium,
equivalent to about 190 g protein in a 55 kg man. Whole body nitrogen
measurements have an error of £1-6% of body-weight (Oxby et al. 1978). This
amounts to approximately 187 g protein for the same subject. In both cases the
probable range of measurement error is of the same order of magnitude as the
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likely change in body protein calculated above so that it would seem probable that
these methods are suitable for short-term assessment of nutritional support.
Unfortunately, the techniques are not universally available because of the high
capital costs involved but Hill has shown that they can be used even for sick
patients (Hill ez al. 1978).

It has been difficult to demonstrate that the standard methods of nutritional
assessment based on body composition are sensitive enough to measure the small
changes that take place over the period of 1 week. On the other hand, the observant
clinician is likely to notice subtle changes in his patient over such a period. Positive
signs of tissue anabolism are filling-out of facial contours, increased voluntary
activity and the ‘hair’ sign; lassitude, weakness and muscle wasting indicate
continuing catabolism. Such clinical observations usually precede significant
changes in nutritional measurements by several weeks.

Conclusions

From this review it is apparent that the routine nutritional tests used to indicate
body composition are of limited aid to the clinician wanting to make a decision
about an individual patient he suspects of being undernourished.

If suitable local standards are available it should be possible to state with a
reasonable degree of certainty that the patient is undernourished on the basis of
anthropometric methods. Individual risk is more difficult to define. Static
measurements of body composition are excellent for the study of population groups
and research purposes but bear little relation to function. Since it is functional
failure that is ultimately responsible for patient morbidity and mortality it is less
important for the clinician to know how much is left rather than how well it works.
It is suggested that functional tests of systems known to be adversely affected by
moderate undernutrition would be a useful aid to the clinical assessment of
individual nutritional risk.

Basal requirements for nutritional support can be easily calculated from
measurement of height and weight and are reasonably specific. Calculation of
additional requirements for stress cannot be made solely on the basis of body
composition.

The efficacy of the nutritional support can best be assessed on clinical grounds.
Changes in body composition can be detected with certainty only some time after
they become clinically apparent.

In general, clinical judgement is a better aid to decision making in the
undernourished patient than specialized measurements of body composition.
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