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SUMMARY

The literature on the effects of protein-calorie supplementation on physical 
growth rates in height and weight is reviewed. Only studies carried out in 
moderately malnourished children from developing nations are considered. Two 
main questions are asked: 1) Do changes in protein-calorie intake cause 
changes in growth in these children, and 2) How does the  im pact on growth 
of supplemental foods vary with changing protein-calorie amounts of the sup­
plement and of the home diet? Although, the experiments reviewed were shown 
to have a series of lim itations, it was concluded that protein-calorie supplemen­
tation is causally related to  growth. Moreover, the evidence reviewed suggests 
that the relative contribution of calories and proteins to the association depens 
upon which nutrient is lim iting in the home d ie t  That is, if  proteins are 
lim iting, proteins and not calories are apparently beneficial for growth rates. 
On the other hand, if  calories are lim iting, calories alone seem to improve 
growth rates. This suggests tha t before expensive supplementation programs 
are instituted, one should firs t investigate which nutrients are most lim iting  
in the home d ie t
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INTRODUCTION

Protein-calorie malnutrition (PCM) is the major nutritional 
problem in children of developing nations. While severe forms 
of PCM (kwashiorkor and marasmus) affect less than 3% of 
all children 1 to 5 years of age, mild and moderate forms affect 
a larger number, around 75% b

Because the most common manifestation of mild-to-moderate 
PCM is physical growth retardation, most of the indicators pro­
posed to evaluate the impact of public health programs are 
based upon physical growth 2. However, while the sensitivity of 
physical growth to nutritional improvements may be easily 
demonstrated under rigidly controlled situations as in metabolic 
wards, it is not clear that such would be the case under field 
conditions. The problems of measurement as we shall see, vastly 
complicate any such field study. Consequently, considering the 
importance of this problem, the present paper reviews the litera­
ture on field protein-calorie supplementation experiments and 
their effects on physical growth in height and weight of mild- 
to-moderately malnourished children. Two main questions guide 
the literature review.

A. Do changes in protein-calorie intake cause changes in the 
growth of mild-to-moderately malnourished children?

B. How does the impact on physical growth of supplemental 
foods vary with changing protein-calorie amounts of the 
supplement and of the home diet?

Our focus on only height and weight as physical growth indi­
cators stems from the fact that these are overall indicators of 
growth widely used in public health to assess nutritional status2. 
In particular, most food supplementation experiments include 
at least these measurements. They are therefore, a common 
denominator by which the various experiments can be compared.

METHODS

More emphasis will be devoted to those studies which provide 
data regarding the protein and the calorie amounts ingested per 
day from the supplement and the home diet. Our summary will 
touch on all the following aspects:

1. The study design: number and age of subjects, dietary 
intake, nature of control groups and duration of the 
experiment.
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2. The food supplement: its characteristics, the degree to 
which it replaces home dietary intake, its distribution 
and measurement.

3. The findings: the impact observed on growth and the 
conclusions reached.

The main characteristics of the studies reviewed are pre­
sented in Table 1.

RESULTS

A. Have Previous Studies Skown that Changes in Protein 
and Calorie Intake Cause Changes in the Growth of 
Mild-to-Moderately Malnourished Children?

By 4 to 5 years of age almost all mild-to-moderately malnour­
ished children are smaller and lighter than almost any child 
from the developed nations (i.e. the population distribution 
overlaps less than 3% ). These growth differences are usually 
attributed to environmental factors, principally low dietary 
intakes and high morbidity rates. In other words, this stunting 
does not seem to be attributable to genetic factors3-4. It follows, 
therefore, that bettering the nutrition of these children should 
result in faster growth.

The literature on this subject is, in general, in agreement 
with this hypothesis. Except for a minority of studies 5' 6, most 
previous experiments, according to their respective authors, are 
suggestive of an effect of proteins, calories or both7-18. How­
ever, in evaluating each of the studies, a whole series of limita­
tions which potentially may invalidate the conclusions can be 
identified. The general nature of these is discussed below.

Measurement of the treatment

There are problems related to the reliability with which the 
independent variable, supplement intake, was measured. In 
some instances, the supplements were distributed indirectly in 
weekly supplies to the fam ily5’6. Under these circumstances, 
one does not easily know how much of the supplement each 
child really took. In most studies, however, the supplements 
w-ere given directly to the children in a fixed locale718. Still, 
some children may attend more frequently and/or eat more than 
others. Moreover, if  the supplements given to various test



118 ARCHIVOS LATINOAMERICANOS DE NUTRICION

groups differ in terms of factors which may make them less 
or more attractive such as palatability or prestige, not only 
individuals but groups as a whole may markedly depart from 
what one thinks they consumed. Therefore, one needs to meas­
ure, for both test and control subjects, not only attendance but 
intake at the individual level as well.

While this was done by a few studies 8’13, the information 
with regard to individual variability was not taken into account 
in the analyses. Lastly, none of the studies reported on another 
important aspect: the reliability with which the actual intake 
of individuals was measured.

Poor reliability takes away power, so that differences between 
control and test groups may appear to be less certain than they 
really are in some instances; otherwise true differences may 
not be statistically significant. In this case, the absence of a 
finding need not necessarily mean that there was no effect; it 
simply says that the study lacked the power to establish whether 
or not an association exists.

It is interesting to note in this regard that the studies here 
reviewed, where the treatment was given in weekly supplies 
to the mother, where the poorest reliability would be expected, 
were the only ones not showing significant differences between 
test and control subjects 5> 6.

Replacement

Related to the problem of measurement of the independent 
variable is the whole issue of the supplements replacing dietary 
intake at the home. Some of the studies reviewed here did not 
measure replacement rates5’6> 9-10' 16’17. Some studies, on the 
other hand) faced this issue by relying on single dietary surveys 
in test and control subjects 18 or on single dietary surveys on 
test groups before and during the experiment8' 13. Since the 
reliability of individual dietary surveys is low 19, either large 
numbers of subjects or more frequent surveys in a small number 
of subjects are required to have sufficient power to evaluate 
the extent of replacement. For example, assuming a standard 
deviation of 300 calories, it would take a sample of 140 in each 
of the groups to show at a power of 0.80, that the mean dietary 
intake of calories of test and control subjects differ signifi­
cantly (p <  .05) by 100 calories 20. It is not surprising there­
fore, that in all studies where this problem was investigated,
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the home dietary intake of test and control groups did not differ 
significantly 8>13- 18.

If replacement of the home diet by the supplement does occur, 
the dose response in terms of growth per calorie or gram of 
protein given in the supplement will be underestimated. To 
correct for replacement, one would have to relate the amount 
of calories actually ingested above the baseline intake with 
growth.

Replacement may bring about a second kind of problem. In 
cases where the preparations given to test and control groups 
differ in terms of their attractiveness or bulk, there may be 
varying rates of replacement across experimental groups. Such 
an occurrence may introduce sources of bias which may lead 
to erroneous conclusions.

Measurement o f growth

If the equipment is calibrated and the anthropometrist is 
adequately trained, measurement of the dependent variable, 
growth, probably presents no problems given the high reliability 
of anthropometric measurements, particularly of height and 
weight21. When dealing with incremental, as opposed to attained 
values, measurement error increases given that error may occur 
at both end points, beginning and end. How “large” this error 
is depends upon the ratio of the error variance to the popula­
tion variance in incremental growth21. None of the studies 
reviewed presented the necessary data to assess these aspects.

Alternative hypothesis

Ideally, a food supplementation experiment should have at 
least two characteristics. Subjects should be randomly assigned 
to test and control groups. Secondly, the experimenter should 
set the amount of treatment to be ingested by each group at a 
specified frequency. All of this, however, is very difficult to 
do with human populations because of ethical and operational 
constraints. Most studies therefore depend upon the willingness 
of subjects to participate. This of course raises the possibility 
that the findings observed are due to factors other than the 
treatment given.

Not surprisingly, most studies drew control and test groups 
from already existing groups: attenders and non attenders to a 
preschool10, separate villagesG- 8-9-18, separate health care cen­
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ters 5, separate classes within a school12 or separate schools 7' n . 
Within these groups, in some studies the test subjects were 
those willing or permitted to participate rather than all members 
of the group 10> 1S.

Moreover, none of the above studies 5'12-18 report either what 
percentage of the group intended for study remained in the 
study, or what characteristics those not studied had with respect 
to those studied. In general, very little effort, other than 
comparing test and control subjects in terms of initial height, 
weight and age was done to assure comparability of the experi­
mental groups. Therefore, these studies512' 18 did not control 
either through their designs or data collection, for possible 
differences in factors which may affect growth and which 
potentially may explain the findings such as morbidity <4), socio­
economic status and home dietary intake as well.

A minority of studies carried out in orphanages randomly 
alloted subjects to test and control groups from matched pairs on 
the basis of initial height and w eight16’17. These studies, however, 
did not control for actual intake; thus, the bulkier control diet 
may have been consumed in lesser amounts than the high-protein 
diet (see Table 1).

In conclusion, the evidence reviewed suggests that protein- 
calorie nutrition is at least related to changes in growth. Though 
there may be strong reasons to doubt the conclusions of indivi­
dual studies, when all these experiments are viewed in total, 
negating the hypothesis that protein-calorie nutrition affects 
growth may require that the same source of bias act similarly 
across all studies. This, is very improbable as is the possibility 
that a very complicated combination of biases act in each of the 
reviewed studies.

B. How Does the Impact on Physical Growth of Supplemen­
tal Foods Vary w ith Changing Protein-Calorie Compo­
sitions of the Supplement and of the Home Diet?

The issue to be dealt with is that proteins, calories or both 
will have an impact on physical growth depending upon which 
nutrient is limiting in the home dietary intake. In this respect,

(4) Gopalan et al. 8 report that there was a measles epidemic during the
study which was associated with reduced growth in the control but
not in the experimental subjects. However, differences between control
and experimental groups, given the presence or absence of measles,
were still evident.



A
R

C
H

IV
O

S
 LA

TIN
O

A
M

E
R

IC
A

N
O

S
 D

E
 N

U
T

R
IC

IO
N

121



122
A

R
C

H
IV

O
S

 LA
TIN

O
A

M
E

R
IC

A
N

O
S

 D
E

 N
U

T
R

IC
IO

N



A
R

C
H

IV
O

S
 LA

TIN
O

A
M

E
R

IC
A

N
O

S
 D

E
 N

U
T

R
IC

IO
N

123

¡¿■i, -i'l+’n'l + l 
jj,

! i 33 3 3 -JJ

■fe.h !l|
es-~.«2 si*

íáo 2 2
IsS

S

¡1
1 Sí

53si

PIy2. 
IeS

i > 
 ̂w* rí V

tí! ti
lljjíl
l

i
l

­
ilí

i II?
¡j 

líl

Íliill
!J¿2S=!
Ü

3
'3

g
S

 i

II !
ü?ssr
cví en v

í!il 
«fl-s

§
1

 £3

51!:•

e? 
1

f
e

-4
 

I
l 

s
i

1Í53Ü
- 

.rrfsJ

í 
líl

ti! 
iiií

llí 
í3

3
if

iiá
ls

Ili! ! £¿£i
—’ CN

®I* 2-í

íliís
ln

 
3§ 

§

U
íf ! !

ss'¿-s
S1

-H

^ ¡
. 

3
-1

tirli,*

íJilíi
m

m

|!liII?



124 ARCHIVOS LATINOAMERICANOS DE NUTRICION

two facts should be kept in mind. First, growth in weight, which 
includes growth in fat, may be responsive to caloric supplemen­
tation even when calories are not lim iting; growth in height, 
however, which is more closely related to growth in muscle 
mass, will not. Secondly, growth in height may be responsive 
to caloric supplementation when energy is limited; this stems 
from the fact that under conditions of caloric limitations, some 
of the protein may be diverted to satisfy energy needs 22.

Therefore, the expected effect on growth in height and weight, 
given the nature of the supplements and the characteristics of 
the home diet, will be as follows:

C haracteris tics  o f C harac te ristics  of th e
the  home diet n u tritio n a l in te rven tion

M ain lim iting  
n u tr ien t (s)

N early  or 
to tally  

sa tisfac to ry Calories P ro tein

Both 
p ro te in  and  

calories

Protein Calories * Yes Yes
Calories Protein Yes Yes Yes
Both Yes Yes Yes

* E ffec t on grow th  in  height, b u t n o t in  w eight.
Yes E ffe c t on g row th  in  h e ig h t and  w eigh t expected.
N o N o  effec t expected.

This scheme is seemingly hard to test given the following. In 
most populations, deficiencies generally involve both proteins 
and calories; diets being exclusively deficient in calories but not 
proteins or inversely in proteins and not calories are hard to 
find. Secondly, only one of the situations, deficiency in protein 
and supplementation with calories, would predict no effect, and 
this only in height. However, till recently, most nutritionists 
would have predicted that calories alone would not have an 
effect on height growth given that protein was thought to be the 
main limiting factor in most malnourished populations.

With the exception of the two studies which gave negative 
results under conditions where an effect would have been ex­
pected 5-6, all other studies, as mentioned previously, suggest 
an association between protein-calorie supplementation and 
physical growth 7'18.

Of the studies reporting associations, all but tw o16’17 are in 
agreement with the proposed hypothesis. Thus, regardless of 
the limiting nutrient, giving proteins and calories is associated 
with better growth 7' 10- u-18.

The best designs to test the hypothesis are those of Gopalan 
et a l8 and Malcolm 12. In the former, calories were given to
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calorie-deficient children while in the latter, protein and calories 
were given to protein-deficient children and compared to similar 
children receiving a supplement containing the same amount 
of calories but no protein (Table 1).

Gopalan’s et al study 8 found that under caloric limitations, 
calories will improve not only growth in weight but in height 
as well. In contrast, Malcolm’s study12 suggests that when not 
calories but proteins are limiting, protein supplementation will 
affect growth in height and weight while calories alone will 
affect growth in weight but not height.

The experiments of Subrahmanyan et a l lfi- 17 and that of 
Bailey7 raise an important consideration. Given a situation of 
protein-calorie limitations, would additional protein holding the 
caloric intake constant produce an effect of proteins? The 
first studies seem to indicate that they do while the second 
does not. However, the degree of caloric limitation in Bailey’s 
study 7 is more acute than in Subrahmanyan et al’s studies 18,17 
suggesting that as calories become more limiting, additional 
protein has no effect unless given in very high quantities 23> 24. 
King’s et al study11 also suggests that improving the protein 
quality in children with some degree of caloric limitation will 
also improve growth.

CONCLUSIONS
The experiments reviewed were shown to have a whole series 

of limitations which left many alternative hypotheses open. In 
spite of this, the evidence reviewed suggests that variation in 
protein and calorie intake are related to physical growth in 
mild-to-moderately malnourished children and that the true 
nature of this relationship is causal.

Moreover, the data reviewed suggest that the relative contri­
bution of calories and protein to the association is dependent 
upon which nutrient is limiting in the home diet.

The problem of growth retardation is a pervasive one in poor 
societies of developing nations s. The corrective measures usually 
undertaken in the past have taken the form of expensive high- 
protein supplementation. In this regard we would like to rein­
force the need to investigate which nutrients are most limiting 
in the home diet before such programs are instituted. We be­
lieve that in many areas of Latin America, increased consump­
tion of the home diet, which would mean increases in both 
proteins and calories, would produce important improvements 
in growth.
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RESUMEN

SUPLEMENTACION PROTEINICO-CALORICA Y CRECIMIENTO FISICO  
POSTNATAL: REVISION DE HALLAZGOS EN LOS PAISES EN DESARROLLO

Este trabajo constituye una revisión de la literatura referente a los efectos 
de la suplementación con proteínas y calorías sobre la velocidad de crecimien­
to en peso y en ta lla . Sólo se incluyen estudios de campo de países en vías de 
desarrollo, en niños con desnutrición moderada. Se plantean dos preguntas:

1. ¿Ha sido posible probar que existe una relación causal entre cambios en 
la ingesta de proteínas y calorías y cambios en la velocidad de creci­
miento, y

2. ¿Varía el im pacto de la suplementación alim entic ia  dependiendo de la 
cantidad de proteínas y calorías suministradas por el suplemento y por 
la dieta hogareña?

Se encontró que aun cuando los experimentos revisados tienen una serie de 
limitaciones, sí se puede in ferir de estos estudios que la suplementación con 
proteínas y calorías está relacionada causalmente con el crecim iento físico. 
Además, se concluye que la contribución relativa de proteínas y calorías a esa 
relación depende de cuál de los dos nutrientes es más lim itante en la dieta 
hogareña. En otras palabras, si las proteínas son las lim itantes, éstas y no las 
calorías son las que producen un mejoramiento en la  velocidad de crecimiento. 
Por el contrario, si las calorías son las limitantes, éstas por sí solas inducen 
una mayor velocidad de crecimiento. Estos hechos sugieren que antes de im- 
plementar programas costosos de suplementación, primero se debe investigar 
cuáles son los nutrientes más lim itantes en la dieta.
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