Protein-calorie malnutrition and
the significance of cell mass
relative to body length'~?
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ABSTRACT Fifty-eight boys 2 10 8§ ycars old who came from the same poverty-stricken area
of Guatemala were studied for anthropometric growth (length, weight. arm and calf circumfer-
ence) and for body composition (deuterium space minus corrected bromide space equals intracel-
lular watcr, ICW). The boys were divided into four subgroups: 1A, those who had been admitted
{or rcasons other than protein-calorie malnutrition (PCM), representing the nutritional status of
the general population; 1B, those who had been fed a hospital dict for 6 months and were
considered “normal;™ 2A, those clinically malnourished with recent edema; 2B, those who had
been classed as clinically malnourished but had had approximately 1 month of rehabilitation. All
boys were retarded in length and weight for age by Caucasian standards. Subgroup 1B was
considered to be the best nourished group and subgroup 2A the worst. [n subgroup 1B the weight
age was 5 months ahead of the length age. In subgroup 2A the weight age was 5 months behind
length age. Arm and calf circumference were reduced for 2A when compared with 1B, Measure-
ment of ICW (or active tissue mass) was considered against body length. These measurements of
iCW fell above the median for normal Caucasian boys for subgroups 1A and 1B and below the
Cavcasian median for subgroups 2A and 2B. It is postulated that a reduction of ICW relative to

body length is indicative of a significant reduction in protein reserves.
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It is established that children suffering
from prolein-calorie deprivation or protein
deficiency frequently exhibit sodium reten-
tion, expansion of extracellular volume, and
reduced ability to cxcrete sodium effectively
(1) (sce Reference 2 for review). At the
same time, as body stores of protein are
reduced (in muscle for example), there is a
concomitant loss of body potassium (3-7).
Emphasis has been placed by our group on
the significance of the intracellular phase, or
the intracellular water (ICW), as a measure
of active tissue mass (8-10), because the
ratio of the protein to water within the cell
usually remains constant. Admittedly, in the
last stages of congestive cardiac failure (11),
urcmia (12), or acute hypoxia (13}, or in
water intoxication (14), to name some ex-
amples, a breakdown in 1on transport oc-
curs; in particular the “‘sodium pump™ fails
in some of these circumstances, so that the
above relationship is not maintained. None
of the boys reported in this paper, however,
suffercd from such circumstances.

Am. J. Chn. Nur, 30:

Over the last 25 years our group has been
engaged in the measurement of extracellular
volume (see References 15 and 10 for re-
view). Our work indicates that the corrected
bromidc space is the most precise measure
of the true extraccllular phase, and is ac-
ceptable both biochemically and anatomi-
cally.

Total body water can be mcasured by
following the distribution of small amounts
of deuterium oxide. The subtraction of ‘the
corrected bromide space from the total body
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wafer gives a close measure ot index of the
ICW in the body, which, as stated above, is
a dircct measure of the active tissuc mass.
Small doscs of D, and NaBr given quanti-
tatively by mouth distribute rapidly over the
respective phases of the body water. A sin-
gle blood sample taken subscquently at 3 to
12 hr allows analysis of the plasma for deu-
terium and bromide, and thercfore the cal-
culation of the intraccllular water ICW,

Work in other arcas has shown us that if
rats arc fed a protein-sufficient but caloric-
deficient diet. the reduction of muscle mass
is commensurate with the reduction of skel-
etal mass. If, on the other hand, the rats are
fed a protein-calorie deficient dict, the re-
duction of soft tissuc (such as muscle) is
greater than the reduction of skeletal mass
(16).

In 1972 some 60 boys from 2 to & years
old were studicd in Guatemala; they are
reported in this paper. Guatemala is a coun-
try where the gencral population is suffering
from mild to moderate protein-caloric mal-
nutrition (PCM) (17). Recently, aboriginal
children have been studied in Central Aus-
tralia and in the Northwestern area (the
Kimberley region), 2,500 miles north of
Perth, The fatter studics will be published
subscquent to this paper.

The present work indicates that children
asscssed clinically as being malnourished
have a reduced ICW relative to body length,
but such a reduction is not found in boys
receiving a hospital dict for 6 months or for
those considered to be representative of the
cnvironment.

Methods and clinical material

The 60 boys reported here came from similar socio-
cconomic backgrounds. Light boys had received a good
dict in the INCAP* metabolic ward for 6 months at
lcast. Twenty-one boys studied in an orphanage were
considered to represent the nutritional status of the
population as a whole. These two groups of bovs, those
from the metabolic ward and those from the orphan-
age, were considered clinically not malnourished. Fil-
tcen boys studied in hospital had been hospitalized for
PCM for | to 4 weeks, but ina few instances this period
was cxtended becanse nutritional recuperation was not
proceeding well and clinically they were regarded as
malnourished. Fourteen boys had been recently hospi-
talized for POM and were studicd shortly aflter disap-
pearance of pitting edema. These Tatter two groups of
boys in the hospital were considered clinically malnour-
ished.
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Arm circumference, calf circumference. and supine
body length were measured to the nearest mallimeter.
Weight was taken to the ncarest 100 g.

Mecasurements were made by a traincd anthropo-
metrist according to standardized procedures (18, 19).
T'he usual day to day rehability expressed as a standard
deviation was 201 g for weight and 0.63 em for supine
length, The anthropometrist’s reliability was 20 g for
weight and 0.34 cm for length.

Total body water was measured by giving cach boy
an oral dosc of 2 g of D0 (9Y9.8%) simultancously
with B0 mp of NaBr/kg of bady weight. A sample of
blood was drawn after approximately 3 hroand 3 mib of
plasma were laken for analysis. Plasma bromide was
determined by the microdiffusion method (20) and the
corrected bromide space was calculated as:

correct bromide space = mEq of Br given ~ 10%/
plasma Br (mEg/L x 0.88)

Dcujerium oxide in plasma was subjected to vacuum
distiltation and thc distillate was analyzed by infrared
spectrophotometry using the Wilks Miran instrument
according to previous description (21). ICW cqualed
the D,0 spacec minus the corrected bromide space.

Calculations and statistics

The weight age and length age for the boys in each
of the four subgroups were calculated by taking the age
they would be if their length or weight fell on the S0th
percentile of the Harvard growth chart together with
mcan values and standard deviations, In addition, the
differences between weight age and length age for cach
individual bov in the subgroups were found and mcean
vilues and standard deviations were caleulated for cach
subgroup. Comparisons were made among the four scts
of data by application of a paired f test and by compar-
ing the derived value against zero. I a difference exists
onc can determine the statistical significance.

The assessment of ccll mass (or 1CW in liters)
against length was carried out by constructing the linc
for the quadratic cquation ICW = 3.0705 — 0.0674 x
+ (.00098 x? where x equals the length in centimeters
for normal Caucasian male infants and boys. The ICW
data for malnourished boys were then plotted (as one
group). and also the dita points for boys considered
clinically not to be malnourished or representative of
the emvironment (as a sccond group). As points for
these two groups in general [ell on cither side of the
normal linc, a regression equation was calculated for
cach sct of data peints and statistical analvses were
carricd out by comparing the two resulting lincar
regressions by analysis of covariance to sce whether the
slopes of the two linear regressions, or the intercepts on

S INCAP = Institute of Nutrition of Central Amer-
ica and Panama. The authars are mdebted to Fernando
Viteri, MDD, PhL.DD ., head of the metabolic ward, for
the opportunity to cxamine these boys and for his
interest in these studies,

* The 10% value represents (by experiment) noncx-
tracellular bramide; 0.8R represents the correction for
scrum water and Donnan cquilibrium: 0.93 x 0.95 =
0.88.
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the ordinate, were statistically ditferent. Full descrip-
tions of these mcthods arc given by Mellits (22).

Results

Table 1 contains data concerning boys
considered clinically not to be malnour-
ished. Their age, (months) and arm and calf
circumference (ecm) are recorded. Their
length and weight are recorded together
with their length age and weight age. In
addition, data arc given in liters for the
extracellular and intracellular volume. The
ICW represents total water minus cxtracel-
lular volume (ECV).

The top part of Table | records data from
the boys in the orphanage and the lower
part records data for boys who had received
an adcquate diet for 6 months on the IN-
CAP mctabolic ward. Table 2 records simi-
lar data from the boys who had recently
shown edema and considered clinically mal-
nourished (top part) and data from boys

TABLE |

Data for boys not considered clinically malnourished

S Chronologie oo Welage
Patient no. cal g foms Wi (kg) Crniess) Length (¢m)

A, paticnts representative of the environment (orphange)

1 56 15.78 42 101.0

4 51 11.58 18 86.9

5 52 16.50 48 99.5

8 67 14.70 37 96.0

9 46 12.30 23 945
10 67 15.00 41 100.5
23 86 19.00 60 105.4
23 38 12.00 20 86.0
217 46 15.34 42 5.6
45 36 13.40 30 8R.3
46 66 16.45 50 100.1
48 12 18.00 56 105.9
49 62 18.63 59 101.6
50 54 18.30 58 100.1
51 68 16.25 48 97.0
54 47 15.90 46 94.0
68 31 10.04 12 81.4
75 42 11.40 18 86.0
103 25 10.53 13 79.9
105 42 12.72 24 88.2
106 30 13.50 29 89.8

B, patients rchabilitated (6 months of adequate dict)

58 30 11.43 17 82.1
b 26 10.90 15 3.0
61 22 9.82 12 77.5
62 66 1411 34 8Y.5
63 52 13.89 32 87.6
64 32 13.79 32 87.4
66 30 13.68 31 81.7
67 25 10.95 15 72.4
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who had been hospitalized for malnutrition
but who had recently not shown edema and
who were considered to be poorly nourished
(lowcer part).

Table 3 documents the mean values for
weight age and length age for the four sub-
groups $tudied. By taking the length age
from the weight age for cach individual boy
and using a paired ¢ test and by comparing
the value against zero it is possible to deter-
mine significant dcpartures. The group of
eight boys given an adequate diet for 6
months had a weight age 5 months ahead of
height age. The group of 14 boys in the
worst state of nutrition (recent edema) had
a weight age that was S months behind
height age. The 21 boys from the orphanage
who were admitted for nonnutritional rea-
sons showed reductions in length age and
weight age similar to those of boys admitted
with malnutrition. All subgroups were be-
hind by Caucasian standards.

e Eev) dway  Seemen Gl drnic
45 4.03 6.8Y 15.5 19.5
24 3.07 4.63 143 18.3
45 5.07 6.89 17.3 219
jo6 3.27 7.42 16.0 20.0
33 3.89 4.5 14.6 18.6
42 3.63 5.90 15.5 19.8
54 5.49 7.54 17.0 22.5
24 3.79 4.90 14.9 18.8
36 451 6.60 ] Sl 18.7
26 385 5.87 15.3 19.7
42 5.06 6.66 16.2 20.3
54 5.48 547 16.4 22.2
45 5.43 7.71 16.8 21.5
42 5.17 6.87 17.5 21.7
36 4.73 6.90 15.8 20.4
33 4 .84 6.37 15.7 20.2
18 3.19 3.78
24 2.98 5.17 14.4 17.8
17 2.81 3.53 13.9 17.3
24 3.54 4.93 13.9 18.8
27 3.23 9.7 14.3 19.8
18 2.95 4.89 15.2 18.5
12 2.47 4.68 14.2 17.8
10 2.16 3.96 14.4 17.0
27 3.08 6.02 15.3 17.5
24 3.37 5.64 16.6 20.2
24 3.52 5.89 16.4 18.6
18 345 4.95 16.7 19.0
10 2.24 4.07 15.3 17.3
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TABLE 2
Data from boys considcred clinically malnourished
raven . B Wi G Lo TR Bov) ek ST e Gl cromir
A, clinically malnourished (previous edema)
15 85 16.36 48 105.7 54 6.37 4.82 13.2 18.8
22 66 12.98 26 92.8 30 4.99 4.42 12.6 17.3
33 100 19.00 60 110.2 60 5.94 5.59 15.1 20.2
35 66 13.60 30 92.7 30 4.27 4.89 13.1 17.5
36 70 14.54 36 102.5 48 5.85 4.51 12.2 16.9
37 55 11.27 17 84.2 19 3.71 3.76 12.9 18.0
39 30 8.27 7 68.5 6 2.13 2.72 12.4 14.5
40 70 13.18 27 89.9 27 4.36 3N 11.8 16.8
4] 77 12.71 24 94.3 33 4.27 4.71 123 17.9
&6 46 12.10 21 89.8 217 3.54 4.68
92 63 13.18 27 95.7 36 3.73 5.58
95 84 1353 29 105.8 54 4.24 5.34 12.0 16 6
98 27 9.97 12 76.4 12 2.82 2.57 12.0 15.9
100 37 9.53 10 76.8 14 3.34 3.29 10.8 14.5
B. clinically malnourished (under initial rehabilitation)
11 42 15.14 41 91.8 30 4.04 4.54
14 63 13.63 30 89.0 27 4.69 5.20 14.4 19.0
16 75 14.40 36 97.6 38 5.64 4.32 13.5 18.4
18 60 13.00 26 92.9 30 4.71 4.27 13.7 17.8
20 60 11.45 17 86.6 24 4.12 3.74 13.3 16.5
21 35 12.50 24 89.6 27 3.58 4.98 12.8 18.1
24 80 19.00 60 110.0 60 6.74 5.08 16.4 22.1
29 97 20.57 68 110.0 60 5.82 6.51 17.3 22.0
30 53 12.48 24 91.2 30 4.40 4.31 14.2 19.0
31 &1 14.60 37 95.7 36 5.28 4.44 14.4 19.7
32 54 12.50 24 85.1 21 3.75 3.4 14.4 17.3
42 64 14.54 36 95.8 36 4.90 5.24 13.7 18.2
91 97 17.09 53 102.5 48 4.27 7.91 16.1 19.3
94 68 14.11 34 94 4 33 3.57 4.48 13.3 18.0
96 36 12.53 24 86.4 24 3.64 4.10 13.8 16.8
TABLE 3
Mcan values for weight age and length age for the four subgroups studicd”
Group N. Chronological age Wt age Length age Ic\'r:glalfcagc
T maos ) ) T
1A, Normal patients (orphanage. no history of clinical 21 51.6 36.9 346 +2.3
malnutrition) (15.8) (15.9) (11.0) (7.3)
1B. boys considered normal (after 6 months of ade- 8 354 23,5 17.9 +5.6°
quatc dict on INCAP metabolic unit) (15.4) (9.5 (6.7) (4.3)
2A. clinically malnourished (previous edema) 14 62.6 26.7 2.1 -5.4°
(21.5) (14.4) (16.8) (6.9)
2B, clinically malnourished (under initial rehabilita- 15 64.3 35.6 349 +0.7
tion) (19.3) (14.6) (12.2) (4.9)

By taking the length age from the weight age for cach individual boy and using a paired 1 test and by
comparing the value against zero it is possible to determine signilicant departures, ‘The group of cight boys given
an adequate diet for 6 months had a weight age S months ahead of lenpth age. The group of T4 boys in the worst
state of malnutrition had a weight age that was 5 months behind length age. The 21 boys from the orphanage
representing environmental standards showed reductions in length age and weight age similar to those of boys with
malnutrition but under initial rehabilitation. Note that all subgroups were behind by Caucasian standards. SD is in
parentheses; asterisk indicates statistical significance (P < 0.01).

Inspection of the individual data from the
21 boys from the orphanage in (Table 1)
who were considered to be normal (by envi-
ronmental standards) showed that many of
them were bchind in both length age and

weight age when compared with the Cauca-
sian standards. Doubtless this reflects the
poor nutritional status of the children in
general.

Inspection of the data for ECV in the
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malnourished boys (Table 2) revealed val-
ues that are excessive if comparison is made
against values obtained for normal children
with the same length and weight (10, 23).

Attention is dirccted to Figure |, how-
cver. where the data for ICW are plotted
against the values for body length,

[t can be noted that the points for most of
the malnourished children fall below the ex-
pected median level for Caucasian children
(23), whereas those boys considered to be
nutritionally normal have points which in
general fall on or above this linc. Analysis of
covariance for the two groups (Fig. 2) re-
veals that the slopes of the lines for the
points in the two groups were not dissimilar,
but the intercepts on the ordinate were dis-
tinctly different.

Of further intcrest was the fact that the
measurements for arm circumference and
calf circumference (Fig. 3) were reduced in
the patients with severe malnutrition when
the values were compareds with the cight
boys on_ an adequate dict for 6 months.
[.ength age is defined on the abscissa. Thus,
large departures in intracellular mass were
reflected by these simple anthropometric
measurements, whereby arm circumference
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differentiates better than calf circumference
between those with malnutrition and the
better nourished boys (Fig. 3).

The above. obscrvations are reinforced
when the [CW s plotted for the cight boys
considered to  be nutritionally normal
against walues for those boys who were ¢ini-
cally malnourished with previous edema
(Fig. 4). Length age is again given on the
abscissa. The two scts of points are distinct.

Discussion

Traditionally, the assessment of growth in
the clinic is accomplished by measurement
of hcight and weight, whereas bone age may
reflecct maturation in onc tissuc, namely
skeleton. Length itself is a measure of matu-
ration (24). Our carlicr studics on human
growth (8, 9) have indicated that the simul-
tancous investigation of body composition is
valuable, especially in PCM. Mcasurement .
of the intraccllular phase (which excludes
cdema) accounts for the active tissue mass.
Indeed, the basal metabolic rate has a de-
fincd mathematical relationship with the
ICW (10) as it is defined here. With the
progress of growth from infancy to child-
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FIG. 1. ICW in liters is plotied against length in centimeters for individual Guatemalan children who were
malnourished (open circles —data from Table 2) or rehabilitated (solid triangles —data from Table 1). The
individual points for malnourished Peruvian infants (open squares) are also illustrated. The hatched line indicates
the predicted median for the ICW on length for normal Caucasian children caleulated from the relationship. ICW

= 3.0705 - 0.0674 x + 0.00098 x* where x equals length 1 centimeters. Note the clear separation between

malnourished and rehabilitated in the Guatemalan population.
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FIG. 2. ICW in liters plotted against length in centimeters is illustrated as regression lines with 957 confidence
limits for malnourishcd Guatemalan children (cross-hatched arca — data from Table 2) and rehabilitated Guatema-
lan children (single-hatched area — data from Table 1). The two regressions. when tested by analysis of covariance,
arc found to be two scparate populations (P < 0.001) which are essentially parallel (£ < 0.001). From this figure.
it can be demonstrated that a Guatemalan boy of 90 cm in length who has been determined chnically to be
nutritionally normal has 1.2 liters more ICW than a malnourished Guatemalan boy of the same length.
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FIG. 2. Upper arm and calf circumlerences in centimeters are plotted on length age in months for Guatemalan
boys who were dinically malnonrished (group 2A) or rehabilitated by Guatemalan standards (group TH). Note the
increase in muscle girth for the rehabilitated group. The measurement of upper arm circumference appears to be

most meaningful in assessment of nutritional status,

hood to adolescence, more and more of the
ICW s found in muscle, such that from 3 to
17 ycars muscle ICW content increases from
30 to 70% of the ICW (10). As maturity is
reached. muscle represents the major pro-
tein reserve of the body.

PCM in our experience has a greater cf-
fect on the infant than on the child. In Fig-
ure [, points for ICW of male Peruvian
infants suffering from severe PCM fall well
below the expected normal for length, asis
also shown elsewhere (8). Even after Sor 6
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months of rehabilitation with adequate diet,
some ol these infants did not increase their
cellular mass signthcantly (8, 9), nor did
they return to a positive nitrogen balance
(Graham, personal communication).

When points Tor TCW  were plotted
against creatinine excretion (an index of
muscle mass) for Peruvian infants with PCM
before and after partial rehabilitation, a lin-
car relationship was deltned. This lincar re-
lationship did not depart from the normal
rclatton calculated lor 20 normal infants of
the same age range (Y). By analysis of co-
variance, the relations did not differ. 1t ap-
pears that the ratio of muscle mass to total
cell mass remains the same during malnutri-
tion, and cven then creatinine excretion still
reflects muscle mass, despite suggestions to
the contrary from |"“N] creatine studics
(25), which are difficult to perform pre-
cisely. It can be mentioned in passing that
ECV did not hold a constant relationship
with creatinine excretion. there being an
cxcess of ECV relative to creatinine in
PCM.

Widdowson and McCance as carly as
1951 (26) demonstrated the expansion of
ECV in PCM and loss of potassium. Several
workers have monitored whole body potas-
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sium in PCM by K counting (3. 4. 27, 28).
However, as pointed out by Nichols ¢t al.
(28), reduction ol body potassium with an
unknown decrease in intracellular K con-
centration renders impossible “the caleula-
tion of the intracellular phase. Their data
showed o reduction of N and K in muscle,
but there was no satisfactory point of refer-
cnee. The increase in muscle water made
interpretation diflicult. Later studies (7) es-
tablished a quantitative loss of K and N in
human muscle. It is also clear that a reduc-
tion of magnesium occurs with the shrinkage
of cell eytoplasm (5. 9).

Our carlier studies concerning starvation
in rats (29) and the balance of whole body
K, Na, Cl, N, and water showed a 209 loss
of fat-free dry solid (80% protein) and a
27% loss of K with a relative expansion of
the cxtracellular phase and contraction of
the ICW over an 8-day period. The concen-
tration of K within the-cellular phase re-
maincd at 150 mEg/liter. There was no rea-
son to believe that Cl entered cells (nor for
that matter would Br, because the two ions
distribute similarly in the body —-sce Refer-
cence 30 for review).

Alleyne (31) has reemphasized recently
the reduction of the intracellular phase that
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FIG. 4. ICW in Iiters s plotted against length age in months Tor the same Guatemalan children defined in the
legend of Figure 3. Comparce this ligure to the relationship of upper anm circumference to lenpth age lound in
Figure 3. Note the distinet separation between the two groups tor [CW and upper arm circumference.
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accompanics protein loss through malnutri-
tion. This is accomplished by a potassium
loss, partly because the protein binding of
the intracellular potassium is lost and partly
because the kidney of the malnourished
child is unable to clear sodium and retain
potassium. The sodium retention also ex-
plains in part the increased extraccllular vol-
ume.

The gross reduction of cell size in human
musclc was shown histologically by Mont-
gomery (32) and chcmically by our own
laboratory (9) and that of Mendes and Wa-
terlow (33) (reduced protein to DNA ratio,
or reduced nonchloride space).

Our previous work (sce Refcrence 34 for
review) and that of Durand et al. in France
(35) has shown that caloric restriction in
rodents without protein restriction causcs a
cessation of ccll multiplication (or nuclear
increasce in the muscle fiber) but no change
in cytoplasm or cell size. Howarth (36), us-
ing abnormal dicts containing high methio-
ninc. which can alter insulin scerction (37),
has challenged our results (36). However,
rccent work by Goldberg and Goldspink
(28) confirms our carlicr work and that of
Durand ct al. It appcears that cell mass. and
in particular muscle mass. remains propor-
tional to skeletal mass il protein restriction
is minimal (16). Il onc extrapolates to the
human situation, onc might find in PCM
retarded growth, but provided that protein
deficiency is not gross, cell mass will con-
tinue to be commensurate with body Iength.
By contrast. rats subjected to protein defi-
ciency voludtarily restrict their calorie in-
take. and there is gross reduction of muscle
cvtoplasm and nuclear number in muscle
tissue (39) (sce Reference 34 for review).
Ifenee muscle mass 1s reduced relative to
skeletal mass (16). Again, extrapolating to
the human situation, a rcduction of cell
mass rclative to body length may be taken as
cvidence that significant protein delicicncey
exists lor body size (irrespective of age).
lowever, the fact that changes in the
prowth of bone oceurs concomitantly is rec-
opmzed ().

In the present studics, boys recciving a
hospital dict for 6 months showed a return
to proportionality. Such a relationship cx-
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isted for the boys from 2 to 8 years old from
the orphanage. However, both of these
groups showed a retardation in weight and
length for age. Peruvian infants, as men-
tioned, showed little “catch-up™ growth (8.
9). We and others have postulated that such
a delay in restoration of cell mass is duc to
poor insulin secretion (8) (sce Reference 41
for review) and possibly due to inhibitory
factors in plasma in PCM that counter the
cell-multiplying factor. somatomedin B
(42). Indeced, with respect to muscle growth
we have postulated for some years (sce Ref-
crence 43 for review) that insulin is con-
cerned with eyvtoplasmic growth and growth
hormone with nuclear replication within the
myofibre. Both hormonces arc compromised
in PCM. There is some evidence that the
action of insulin in PCM is aberrant because
of glucagon deficiency (41).

Of interest arc the ongoing findings in
free-living Australian aboriginal children,
where it appears that a reduction of weight
and. to a lesser extent, height for age exists
(by Caucasian standards and by standards
for white Australian children). The reduc-
tion in cell mass is not proportional to the
body length for aboriginal girls. Girls may
have reduced protein reserves for their body
size. Morcover the climate of opinion sug-
gests that they are suffering from PCOM,

The finding of a corrclation between arm
or calf circumference with the fall in JCW in
gross examples of POM adds weight to the
value of anthropomctric measurements,
which are casy to perform in the ficld. It is
our impression from these data that arm
circumference 1s a more sensitive indicator
of loss of muscle mass than is calf circumfer-
ence. In children with different calorie in-
takes, however, such circumferences may
reflect differences in subcutancous fat more
than thcy do muscle mass.

A major problem regarding rescarch in
malnourished children is that there are often
no laboratory facilitics where the clinical
matcrial is located. Lxactly 20 years ago
Watcerlow (L1), recognizing that muscle and
not liver sustams the major loss of protemn in
PCM, wrotg:

“At the present time there s no way ol assessing with
any accuracy the degree to which a human being is
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depleted of protein. Unnl this gap in scientific and
medical knowledge is filled it will be difficult o plan
preventive measures in the most etfective way.™

In the intervening years the creatinine

height ratio has been used by our laboratory
(45) and later by Viteri and Alvarado (46).
However, the present approach made in this

paper is also worthy of consideration.

$!

References

1. Atteyne, G. A, O. The etfeet of severe protein
caloric malnutrition on the renal function of Ja-
maican children. Pediatrics 39: 400, 1967,

2. Mircore, J. Biochemical cflects of protein-calogic
malnutrition in man. Rcc. Adv. Med. 18: 377,
1967.

3. Garrow, |. S., K. FLETCHIR AND D. HaALLIDAY.

10.

11.

12.

13.

Slawnoer, G, G 1 DL L

Body composition in severe infantile malnutrition.,
J. Clin. Tnvest. 44: 417, 19U6S.

. ANiyne, G AL O. Studies on total body potas-

sium in malnourished inlants, Factors affecting po-
tassium repletion. Brit. J. Nutr, 24: 205, 1970.
Hanstn anp O D
Karanus. The metabohsm ol magnesium  and
other inorganic cations and of nitrogen in acute
Kwashiorkor. Pediatrics 31: 352, 1963,

Moy, J, S, Frank, | Antonowics, (G, Gok-

otrro AN Lo Loriz, Relatons ol intracellutar
ions to metabolite sequences in muscle in Kwa-
shiorkor. A new reference for assessing the signifi-
cance ol intracellutar concentrations of ions. Pedi-
atrics 26: Y60, 1960,

. Nicors, B. L., J. M. ALvarapo, C. F. Hazie-

woon anp F. E. ViTen. Clinical significance of
muscle potassium depletion in protein-caloric mal-
nutrition. J. Pediatr. 80: 319, 1972,

. GrantaMm, G. G., A, Corpano, R. M. Buizzarn

anp D0 B Cieex. Infantile malnutrition: changes
in body composition during rchabilitation. Pediatr.
Res. 3: 579, 1969,

Ok, DB, DL E. Hien, A. CorRDANO AND G

G. Grananm. Malnutrition in infancy: changes in
muscle and adipose tissue before and after rehabil-
itation. Pediatr. Res. 42 135, 1970

Curex, D B. Growth and body composition. In:
Fetal and Postnatal Cellular Growth: Hormones
and Nutrition, edited by D. BT Cheek. New York:
John Wiley and Sons, 1975, p. 389,

Moore. F. D, K. H. Onisen, 1. Do McMureiy,
1. V. Parkrr, M. R. Barr anp €. N. Boyoin,
The Body Cell Mass and its Supporting Environ-
ment. Philadelphia: W. B. Saundcers, 1963, pp.
21.

Kramer, H. J., ID. Gosponinov ann 1. Kruck,
FFunctional and mctabolic studies on red blood cell
sodium transport in chronic uremia Nephron 16:
344, 1975,

Bospariir, W., R. E. Myrrs anp A. W,
Brann. Brain extracellular space in monkey fe-
tuscs subjected to prolonged partial asphyxia.
Exptl. Neurol. 28: 167, 1970.

14

]k

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

BODY LENGTH 859
Cuiik, D. B.. ano C. D. Wist The clfect of
desoxycorticosterone on the distiibution of water
and on celectrolyte excretion duning inforced hy-
dration in the dog and rat. Am. J. Physiol. 184:
6Y. 1956.

CHerk, D. B. Extracellular volume —its structure,
measurement and the influence of age and discase.
J. Pedgir, S8: 103, 1961

Graysrone, 1., anp Do B. Cur k. Nutrition and
restricted nutrition. In: Fetal and Postnatal Cellu-
lar Growth: Hormones and Nutrition, edited by D.
B. Cheek. New York: John Wiley and Sons, 1975,
p. 437,

Hapicnt, J-P., 1. A, Sciwirpes. G, ARROYAVE
AND R. E. KLen. Biochemical indices of nutrition
reflecting ingestion ol o high protemn supplement in
rural Guatemalan children Am. J. Clin. Nutr, 26:
1046, 1973.

WEINER, J. S., anp J. A Lourie. Human Biol-
ogy: A Guide 1o Field Methods. Oxford: Black-
well Scientific Publications, 1969,

Marroreir, R., J-P. [asicin, €. YarRBrOUGH,
G. Guzman anp R, E. Kinin, The identification
and evaluation of measurement varnability in the
anthropometry of preschool children. Am. .
Phys. Anthropol. 43: 347, 1975,

Giravstong, J. B, ann AL M. Orians. Tissue
analysis, chapt. 44, Microdiffusion Analyss. part
VI In: Human Growth, cdited by Do B, Check.
Phitadelphin: Lea & Febiger, 1968, p. 656,
Gravstons, J. 1. Whaole body composition wna-
Iytic technigues. Ing Humin Growth, edsted by D
B. Check. Philadelphia: Lea & debiger, 1968, p.
GOX.

Merons, E. D, Staustical methods. In: Human
Growth, edited by D. B. Chetk. Philadelphia: Lea
& Febiger, 1968, p. 1Y,

Curex, D. B., anp J. E£. Gravsione, [ntracellu-
lar and extracellular volume (and sodium) and
exchangeable chloride in chidren. In: Human
Growth, edited by DD. B. Check. Philadelphia: Lea
& T'ebiger, 1968, p. 150,

Drast, A, D. Herse anp J. AL Brasit. Clinical
maternial; anthropometric and developmental anyl-
ysis. In: Hluman Growth, edited by D, B, Cheek.
Philadelphiaz Lea & Febiger, 196K, p. 60).
Prou, D, . J. Rrens, A, Jackson anD N,
Poutter, The measurement of muscle mass in
chnldren using "N creatine. Pediatr. Res. 10: 184,
1976.

Winpowson, E. M., anp R, A McCance. The
ctlfect of undernutrition and of posture on the
volume and composition ol the body Muids. In:
Studies  on Undernutrition (Supertal 1946 1o
1949). London: Tlis Majesty’s Stattonery Office,
1OS1, p. 165,

Smiti, R, anp 1. C. WatrrLow. Total cx-
changcable potassium in infantile malnultrition.
Lancet 1: 147, 1960,

Nicnots, B. L., . A. O. AtwuvyNne, D. J.
Barnis anp C. F, Hazerwoop. Relationship be-
tween muscle potassium and total body potassium
in infants with malnutrition. J. Pediatr. 74: 49,
1964,



