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There are some apparently very discordant
findings in the literature about the effect of under-
nutrition on oxygen consumption and the metabolic
requirements for subsequent growth. Difficulties
began to arise more than 50 years ago when Benedict
and Talbot (1914), Murlin and Hoobler (1915), and
Fleming (1921) agreed in finding that, 'the heat
production per kilogram body weight is higher in
the malnourished or marasmic infant than in the
normal infant' (Talbot, 1921). The approximate
figures were 80 and 55 kcal./kg. 24 hours, respectively,
and these findings were subsequently confirmed
(Fleming and Hutchison, 1924; Levine, Wilson, and
Gottschall, 1928; Garot, 1933; Janet and Bochet,
1933; Kerpel-Fronius et al., 1951).
These results are quite out of line with the findings

in undernourished adults, who have always been
found to have cold skins and subnormal resting
metabolic rates per kilogram body weight (Zuntz
and Loewy, 1918; Keys et al., 1950; Kerpel-Fronius,
Varga, and Kun, 1954). Further confirmatory
evidence was given by McCance and Mount (1960).
Montgomery (1962), moreover, did not confirm
them in children, for he found that on admission
the resting metabolic rates were low or within normal
limits. M6nckeberg et al. (1964) found the same
so long as the children were not gaining weight.
They rose, however, considerably during treat-
ment, and reached figures of 60 to 90 kcal./kg.
24 hours if the weight began to rise satisfactorily.
The earlier workers appear to have studied many
of their cases during this phase as did Monckeberg
et al., and this may help to explain the level of their
results.
The work on animals has been more consistent

for, whether young or old, undernourished rats,
pigs, and cockerels have always been found to have
low resting metabolic rates compared with healthy
normal animals of the same weight (Horst, Mendel,
and Benedict, 1934; McCance and Mount, 1960;
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Mount, Lister, and McCance, 1963) which rose to
normal on rehabilitation.

It has gradually come to be accepted (Levine et al.,
1928; Waterlow, 1961; Graham, Cordano, and
Baertl, 1963) that malnourished children, and
particularly marasmic children, often have to be
given a much higher protein and calorie intake than
children of the same weight normally take before
they gain weight satisfactorily, and the work on
energy metabolism has frequently been invoked to
explain this (Waterlow, Gopalan, Dean et al., see
Waterlow, 1955). Montgomery (1962), moreover,
by showing that the resting metabolic rates rose
during recovery to figures well above the accepted
normals for children of the same weight, appeared
at the time to have confirmed this and to have
overruled the findings of the few clinicians who had
found that older 'marasmic' children gained weight
as well as or better than normal children if they
were given enough food (Tisdall, Drake, and Brown,
1925; Wang et al., 1926). Montgomery's findings,
moreover, ran counter to the work on animals, for
Thompson and Mendel (1918), Jackson (1937), and
Mendes and Waterlow (1958) had found that
malnourished rats responded normally to an increase
in the necessary foodstuffs, and McCance (1960)
and Mount et al. (1963) that cockerels and pigs
behaved in exactly the same way.

In the hope of being able to bring some measure
of order out of this chaos, we have compared the
calorie intakes per gram of weight gain of marasmic
and normal infants growing over approximately the
same weight range.

Subjects and Experimental Procedure

Thirty-four children have been studied. All were
clinical cases of severe wasting and were less than 70%
of expected weight for age on the basis of a Baganda
standard (Rutishauser, 1965), but without any detectable
oedema. It is difficult in Uganda, where the banana is
the staple article of diet, to exclude the possibility that
there has not been some deficiency in the dietary
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Calorie Requirements for Growth after Severe Undernutrition
TABLE I

Composition of the Diets per 100 g. as Fed

Protein Fat Carbohydrate (g.)
Diet Calories (g.) (g.)

Lactose Sucrose Glucose

A 88 3 9 5 9 1-6 3 1 -

B 103 3-8 7 1 1-6 3 1 1.0
C 100 21 71 31 35 -

protein/calorie ratio, but there was no evidence of this in
these children and they were therefore regarded as cases
of total calorie deprivation, and treated accordingly.
The subjects have been divided into three groups,

A, B, and C, containing 9, 12, and 13 children respec-
tively, according to the diet they received. There was
no statistically significant difference between the groups
with respect to age, weight as a percentage of the
expected weight for their age, or total serum protein on
admission. Their ages ranged from 2 to 24 months,
with a mean of 10 months, their weights from 36 to 68%
of that expected, with a mean of 49%, and total serum
protein from 4 0 to 8-4%, with a mean of 5 9%.

Details of the diets are given in Table I. Group A
received the diet given at that time for the treatment of
kwashiorkor (Dean and Swanne, 1963), providing
basically 90 calories and 4 g. protein/kg. day, and
supplemented according to appetite with cooked banana
to give calorie intakes up to 150/kg. day. Diet B was
our first attempt to improve the treatment of marasmus
and was basically similar to diet A but provided 200
calories and 7 to 8 g. protein/kg. day. Diet C consisted
of full-cream milk, sugar, and cottonseed oil and also
provided 200 calories per kg. day but only 4 g. protein.
In a few children who were very hungry the diets were
supplemented with small amounts of Farlene (Farley's
Infant Food Ltd.).
The children were weighed daily in the moming

before their 6 a.m. meal, on a Berkel Auto Scale weighing
up to 14-5 kg. by 10 g. divisions. They were given the
diet usually on the first moming after admission and
thereafter for a continuous period of at least 3 weeks, and
in some children for a much longer period. Some of
the children did not take the full quantity of the diets
so that the calorie intakes per kg. varied in all three
groups. The gains in weight in the first few days of

treatment were occasionally small and were sometimes
very high, possibly due to rehydration. The changes
in weight during this period have therefore been exclu-
ded, and all the figures given are for periods of 14 days
starting from the beginning of the second, fourth, or
sixth week of a child's stay in the ward. The tempera-
ture in our ward at 6 a.m. is usually around 25° C.
(770 F.) and a little higher 26. 7 C. (800 F.) at the same
time in the evening.

Results
Table II gives the calorie intakes per g. weight

gain for 39 two-week periods in 29 children during
the first two months of treatment, and compares
them with similar values calculated for Waterlow's
children (1961), with values for a normal breast-fed
baby. An intake of 32-5 calories/g. gain may be
added for normal breast-fed infants while doubling
their birthweights, i.e. over the whole of the weight
range covered in Table II. This was calculated
from a survey of the literature by McCance and
Widdowson (1964). The figures show that over
the weight range studied the calorie intakes/
g. gain of the undernourished children were not
higher than those of normal children. Waterlow's
children, all of whom were studied in the second
and third months of treatment had, in fact, consider-
ably lower calorie intakes per g. gain than the normal
babies. Over the weight range given, all but 2 of
the children in Waterlow's table were used to
obtain the figures for Table II. These 2 children,
both in the 4 to 5 kg. group, had calorie intakes/g.
gain of 65 and 72, respectively.

Table III gives information about the diet and
clinical records of 8 children in this study whose
calorie intakes/g. gain exceeded 50 in the second
and third weeks oftreatment. There were relatively
more failures to gain on diet A than on diets B and
C; 5 out of 9 on diet A and only 3 out of 25 on diets
B and C. In 4 of the 8 children in Table III,
diarrhoea and (or) vomiting was responsible at one
point for a loss in weight. In each of the the other
4 children there was a complicating infection. 4

TABLE II
Calorie Intakes per g. Weight Gain per Period in Undernourished and Normal Children

Weight Range

Group <4 kg. 4-5 kg. 5-6 kg. 6-7 kg.

No. Mean 1 SD No. Mean SD No. Mean SD No. Mean SD

This study .14 28-6 9-4 11 27-7 10 0 8 30 4 11-5 6 26-2 11-3
Waterlow (1961) .3 19 4 5 *7 6 20*9 11*6 10 18*4 3*9 8 24*7 6*4
Breast-fed baby (Chilver and
McCance, 1967) .. .. _ - 7 271 85 6 3311 8-8 6 47 9 10 5
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Rutishauser and McCance
TABLE III

Diets and Associated Clinical Findings in Under-
nourished Children whose Calorie Intakes per g. Gain,
during 2nd and 3rd Weeks of Treatment, Exceeded 50

Calorie
Child Intake/ Diet Associated Clinical Condition

g. gain

63/1 Lost weight A Some loose stools
64/2 224-0 A Respiratory infection
65/1 63-5 A Loss of 0 5 kg. associated with

vomiting
65/3 Lost weight A Loss of 0 * 6 kg. associated with

diarrhoea
65/5 80-0 A Suspected tuberculosis-therapy

started on day 16
65/10 Lost weight B Anaemia and heart failure requiring

transfusion
66/1 69-0 B Chronic ear infection
66/9 Lost weight C Loss of 0-25 kg. associated with

diarrhoea

other children, not shown in Table III, who gained
well in the initial stages of treatment, had periods
of poor gain later on, and in each case an infection
was involved.

Fig. 1 and 2 show the relation between the gain
of weight and the calorie intake at the two different
levels of protein intake. At 4 g. protein/kg. there
was a roughly linear relation between the gain in
weight and thecalorie intake over the range of 150
to 250 calories/kg. day. Such a relation did not
exist at the level of 6 to 8 g. protein/kg. day. Un-
fortunately there is little information at this level of

protein intake about the gains on calorie intakes
less than 150/kg. The stage of treatment did not
affect the relation between calorie intake and weight
gain, but infection or diarrhoea clearly did.

Discussion
In Uganda, in our experience marasmic children

make good progress provided the infections and
other interfering pathologies have been successfully
treated. If the children do not gain weight, we
suspect a failure on our part to diagnose the
complication. A child S., for example, was admitted
to our ward after prolonged unsuccessful treatments
elsewhere. He had a long history of diarrhoea,
vomiting, and little desire for food, and during the
first few days after admission he continued to have
diarrhoea on both diets A and C. On investigation
sucrose, lactose, glucose, and galactose were found
in the stools and the diet was modified to exclude
sugars other than fructose (Wharton, 1968;
B. A. Wharton and G. R. Howells, 1967, personal
communication). The diarrhoea stopped dramati-
cally and the child at once began to gain weight.
After 4 weeks the normal diet was reintroduced
without any recurrence of diarrhoea. Baby N.,
who had also been treated elsewhere without im-
provement, was given a load of mixed sugars on
admission which caused profuse diarrhoea, the
stools containing the same sugars as in the case of
child S., and the diet given from the first, therefore,
contained no sugars other than fructose. The
diarrhoea stopped at once, but the baby did not gain

0

0

.0

..

0

0

0

0

0

24

22
20

0
3-

a

C'

c0

og

3:

50 IC0 150 200 250 300 350
Calorie intake / kq. day

FIG. I.-Change in weight and calorie intake of under-
nourished children given diets providing 4 g. protein/kg.
day. 0 Weight change associated with diarrhoea or

infection. * Weight change uncomplicated by infection.

18

16
14
12
10

8

6-

4-

2
0

2

-4

0

* 0

0
06% * O eo o

0
0 0

0 0

50 100 150 200 250 300 350
Calorie intake/ kq. day

FIG. 2.-Change in weight and calorie intake of under-
nourished children given a diet providing 6-8 g. proteinl

kg. day. Symbols as in Fig. 1.

254

a

0'
-2

4,0'
c

-C

._

24
22 -

20-

18

6
14
12 -

10

8-

6-
4.
2
0

-2
-4 v , I

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.43.228.252 on 1 A

pril 1968. D
ow

nloaded from
 

http://adc.bmj.com/


Calorie Requirements for Growth after Severe Undernutrition 255
weight and became more anaemic despite oral iron,
folic acid, and B12. On day 16 she was transfused,
and thereafter gained weight rapidly and the
standard diet C was reintroduced in the fourth week.
Although the rate of gain in our children was

frequently 2 to 3 times that for a normal child of the
same weight, a curative improvement in weight
cannot be expected in a very marasmic infant,
even with uninterrupted progress, in less than 8
weeks. A child aged 8 months, for example, ad-
mitted weighing 4 kg. (48% of the expected weight
for age) and gaining 40 g./day for 2 months (a daily
gain of 6 to 10 g./kg., i.e. about twice the normal
rate for a child of the same weight) will still only be
69% of its expected weight for age at the end of that
time. During a period of treatment as long as this,
in a busy ward, there is always the danger of a
serious intercurrent infection such as measles and,
occasionally, we have even lost a patient in the
third or fourth week who had till then been gaining
weight very rapidly.
Our results indicate that there is no advantage in

a protein intake greater than 4 g./kg. day and, in
fact, at calorie intakes above 200/kg. the children in
this study receiving 4 g. protein/kg. gained weight
faster than those receiving larger amounts. This
is in line with Waterlow's (1961) findings that, over
all, given an adequate intake of protein, it is the
calorie intake that determines the gain in weight in
infants being treated for malnutrition.
As the calorie intake per g. gain in these children

has been normal, there can be no abnormality in
their metabolic rate, and there is no reason to suppose
that the extra calories are required for anything
more than an increased rate of 'catch-up', physio-
logical growth. This is borne out by the fact that
the children did gain weight on calorie intakes less
than 150/kg., but only at the same rate as a normal
child of the same weight and, therefore, the deficit
in their weight remained the same and they appeared
to make no progress towards recovery.

Summary
The gains in weight of 34 children with severe

wasting were studied during the first two months of
treatment on diets providing calorie intakes of 100-
250/kg. day and protein intakes of 4-8 g./kg. day.
The calorie intakes per g. gain were found to be

the same as those of normal children growing over
the same weight range, unless the children were
suffering from diarrhoea, infections, or other
interfering pathologies.
There was a roughly linear relation between

weight gain and calorie intake, but there were more
failures to gain weight satisfactorily on the diet

providing less than 150 calories/kg. day. Raising
the protein intakes above 4 g./kg. day was not
beneficial.

Drs. Brian Wharton and Heather Chapman were
entirely responsible for the day-to-day care of these
children. Only their skill, backed by the able co-opera-
tion of Mr. Glan Howells, Miss Sheila Healy, and the
nursing staff made these results possible.
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